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ABSTRACT. The niche construction concept has triggered much controversy
related to its tensions with the natural selection concept and with its poten-
tial role as an updated version of the “adaptation” concept. Empirical data are
providing evidence of certain explanatory weaknesses in the dominant evolu-
tionary theory. The contributions of extra-genetic adaptation studies, together
with epigenetic research ones, are shaping a new scenario in evolutionary ex-
planations. The aim of this work is to analyze the interrelation between niche
construction, extra-genetic adaptation and phenotypic plasticity as evolution-
ary explanatory mechanisms. In this respect, this work may act as a bridge
between classical approaches of evolutionary theory and as an alternative per-
spective based on the reversibility of extra-genetic or physiological inheritance.
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Lamarck’s and Wallace-Darwin’s classical theoretical approaches towards
evolution continue to exist (albeit with some changes) until today. Nowa-
days, Wallace-Darwin's theory, which was based on the predominance of
natural selection as the main explanation of evolutionary change, has be-
gun to show some weaknesses against the empirical data that started to
arise in the twentieth century. The synthetic theory, inherited from the
Darwinian tradition, presented a gene-centered dominance for evolution-
ary explanations. However, these explanations were developed based on
research carried out on eukaryotic organisms with sexual reproduction.
All attempts to broaden these explanations to the large world of prokary-
otes and viruses (the latter belonging to the Akamara domain) have been
unsatisfactory.
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Besides, these theoretical proposals began to be remarkably modified
with the advent of the “complexity theory” as the large theoretical frame-
work of modern biology. This theoretical framework involves aspects such
as chaos theory, biological phenomena lack of linearity, state of non-equi-
librium, randomness, biological processes emergence, biological self-orga-
nization, and so on. Accordingly, complexity positions itself as a scientific
paradigm that enables the overcoming of certain scientificity criteria based
on the mechanism, reductionism and determinism of biological processes.
Thus, complexity theory is placed as an important paradigm for biological
evolution studies, overcoming the classical approaches that were devel-
oped two hundred years ago.

Within this context, the proposal of the niche construction theory, and
its relation to the adaptation concept, has driven the necessity to reformu-
late the concepts of adaptation, extra-genetic adaptation, and their inter-
relationships with niche construction. The aim of this work is to analyze
their previous relationships and highlight the links between physiological
adaptation and niche construction, considering phenotypic plasticity as a
key factor.

ADAPTATION AND THE DICHOTOMY
BETWEEN PROXIMATE AND ULTIMATE CAUSES

In the Lamarckian and Darwinian traditions, the “adaptation” concept has
been the fundamental basis for evolutionary explanations. This concept
has changed over time and has allowed for several theoretical approach-
es. One of these is represented by the historical or ancestor-descendant
use of the natural selection concept, in which the adaptive feature has a
genetic origin. Thus, it assumes that the feature that allows for a better
environmental adequacy results from a particular genotype that is select-
ed. Likewise, the non-historical proposal is linked to different biological
disciplines, such as physiology, ecology, development biology, etc. These
disciplines are either not related to the natural selection concept as a nec-
essary and sufficient explanation, or do not require this hypothesis as an
explanatory principle.

Without seeking to make an exhaustive analysis of the historical evo-
lution of the “adaptation” concept, we will concentrate on relatively re-
cent categorizations, which are relevant to the objectives of this work. Ac-
cording to Bock & von Wahlert (1965), evolutionary adaptation may be
expressed as a “state of being” or as a “process.” The adaptive state of be-
ing would represent a good correlation between the biological role of the
attribute (the feature) and the selective force of the environment. Instead,
the adaptation process would be an improvement of this correlation over
time. An extended conceptualization applied to physiological adaptation
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was proposed by Dressino (2005). This author notes that adaptation as a
state of being refers to the study of the feature from which its adaptive
state is analyzed. That is to say, adaptation as a state of being represents
a stage in a sequence of events that leads to the consideration of this type
of adaptation as a value for the organism or the population. For example,
when we analyze the importance of birds” wings as a favorable adapta-
tion for flying, neither their embryological nor their evolutionary origins
are taken into account, only their functional efficiency for flying. On its
turn, adaptation as a process is connected to the physiological and eco-
logical processes that originated the feature. In this latter case, embryo-
logical origins as well as feature functionality are considered. The previous
example shows that when considering the wings” functional adaptation,
Hox genes, growth and development processes, metabolic changes, and
so froth are considered. Bock & von Wahlert's justification for adaptation
is natural selection; meanwhile, Dressino’s explanation is founded upon
functionality, physiological, epigenetic and ecological principles.

An important perspective on adaptation to be considered—beyond the
state of being-process dichotomy—is its complexity, which entails its dy-
namic nature. This means that the organism-environment relationship is
permanent during the organism’s ontogeny. This is because, in every open
thermodynamic system, the transfer of matter and energy between the
organism and the environment never stops. Therefore, the considerations
of adaptation as a state represent a methodological approach aiming at fa-
cilitating its study in certain sciences, such as paleontology. In summary, if
adaptation is a continuous phenomenon that entails a permanent flow of
matter and energy with the environment, the consideration of the adap-
tive state not only loses consistency, but should be adopted as a process.

Moreover, another approach to be consider from the causation perspec-
tive is the idea of proximate and ultimate (or remote) causes in evolution-
ary biology, proposed by Mayr (1961). In the case of adaptation, the remote
causes would be given by the evolution of adaptive features throughout a
phyletic lineage selected by natural selection (this explanation is compat-
ible with Bock and von Wahlert’s proposal). On the other hand, adapta-
tion in the light of proximate causes frames extra-genetic, physiological
and epigenetic adaptations, which are not related to natural selection, and
are compatible with Dressino’s definition (2005).

Mayr’s dichotomy between remote and proximate causes was used in
biology for more than fifty-six years. However, several objections to this
dichotomy put into question its explanatory value. West-Eberhard (2003)
stated that this dichotomy implied that the immediate causes of pheno-
typic variation were not related to the ultimate or evolutive explanation.
This assertion partly loses relevance due to current evidence. In this re-
spect, Laland, et al. (2017) proposed the existence of a new approach to
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causation, called “reciprocal causation,” which is related to the “niche con-
struction” concept. These authors asserted that developmental processes
could influence the direction of evolutionary change; consequently, the
origin of the evolutionary event is ambiguous. Finally, the authors stat-
ed that the hypothesis of ultimate causes should also include proximate
processes, since biological evolution is concerned with these processes
as well. This approach coincides with Noble’s (2013) position that all ac-
quired characteristics (not in the Lamarckian sense) can be inherited in a
robust and transgenerational manner that contradicts Mayr’s and West-
Eberhard’s previously mentioned assertions.

EXTRA-GENETIC OR PHYSIOLOGICAL ADAPTATION
In general, extra-genetic or physiological adaptation is conceived as the
processes by which organisms are adjusted, in beneficial ways, to the
diverse environmental factors that induce phenotypic modifications,
which are not transmissible to the offspring. This type of adaptation is
also related to explanations of proximate causes. However, nowadays, this
general definition is being questioned due to the empirical evidence that
shows that adjustments can be either temporary or permanent and ac-
quired through short-term or long-term processes during ontogeny. These
processes imply structural, behavioral and cultural changes in order to
improve functional performance against environmental pressures. If en-
vironmental stresses entail physiological adjustments that involve some
kind of differential reproductive success in the population, these changes
may lead to some genetic differentiation, thus establishing a genetic adap-
tation (Frisancho, 1996).

It is worth mentioning that, historically, the “physiological adaptation”
concept appeared in the nineteenth century with the emergence of Claude
Bernard’s experimental physiology (1859/1959). This author introduced the
concept of ‘milieu intérieur’, which was the forerunner of Cannon’s “homeo-
stasis” concept (1932). Anyhow, it is during the Second World War when
the concept of “physiological adaptation” surfaced in modern sense (Metz,
1995). Physiological adaptation corresponds now to the minimum activity of
organic functions, which are regulated by a coordinating system that guar-
antees metabolism and homeostasis. Moreover, physiological adaptation is
deemed necessary and sufficient if it allows for the individual’s life subsis-
tence all throughout its existence.

From his side, Lewontin (1978) suggested that adaptation is the change
process through which the organism ensures a solution to the problem
proposed by the environment. This definition is adjusted to the physi-
ological problem since every change that occurs in an organism trying to
adapt to a given environment (altitude, nutrition, etc.) is, ultimately, an
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attempt to solve the different problems it faces. It is worth mentioning
that the concept of “environment” is a very wide one. It involves different
aspects (biotic and abiotic) as well as emergent levels, for example, the so-
cial environment that arises from the behavioral interrelationships among
organisms.

The field of physiological adaptation has two important concepts as
“acclimatization” and “acclimation” (Flok, 1966, mentioned in So, 1980).
In this sense, “acclimatization” refers to the biological changes that take
place during an organism’s ontogeny and that reduce the stress caused by
climatic changes and other stressing factors. At this point, it is important
to mention that if adaptive features are acquired during growth, there is
a development adaptation or development acclimatization. Even so, the
differences in acclimatization may be due to multi-stressing effects that
operate on the phenotype. Instead, the “acclimation” is used on an experi-
mental level, where the organism is maintained under controlled condi-
tions. The stressing factors or variables are individually modified. In order
to have a thorough treatment of these differences, see Frisancho (1996).

In general, it can be assumed that a physiological organization plan
exists, and that it is composed of the disposition of matter and energy
flows in an organism. Adaptations are the devices that carry that plan
out and insert it in a particular environment (Marx, 1984). To sum up, the
author considers physiological adaptations as “specific solutions” to the
diverse environmental stresses that every organism needs in order to live
and maintain and reproduce its form. In fact, adaptation should not be
thought of as an isolated or independent phenomenon, but as a synergy
of adaptations in different adaptive levels. In short, every adaptation is,
to some extent, an adaptation to the adaptation more than an adaptation
to the “environment” (Marx, 1984). This perspective coincides with the
“concatenation of adaptations” concept, which recognizes the existence
of multiple adaptations that are linked with each other. The modification
of any of those adaptations could have serious consequences on the rest
(Dressino, et al., 2004).

An approach that has been eluded within the evolutionary explana-
tions is the one related to the contributions of physiology. Physiology was
considered a consequence of evolutionary processes and not a part of
them. Anyhow, Noble (2013) stated that the physiological function and the
interactions with the environment are factors that influence the speed and
nature of inherited changes. Nowadays, several theoretical approaches,
supported by empirical evidence, have shown the role of physiological
processes as evolutionarily significant extra-genetic adaptation mecha-
nisms. These approaches have also shown the hereditability of some of
these physiological processes mediated by, for example, epigenetic pro-
cesses (Gissis & Jablonka, 2011; Jablonka & Lamb, 1995, 2007, 2014; Negri &
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Jablonka, 2016). In this sense, Jablonka & Lamb (1991, 1995) suggested that
epigenetic inheritance systems enable the environmentally induced phe-
notypes to be transmitted between generations. Therefore, these systems
have a substantial role during speciation. They argued that divergence of
isolated populations may be first triggered by the accumulation of heri-
table phenotypic differences that are later followed and strengthened by
genetic changes. This argument is relevant as an alternative mechanism
to speciation. Yet, the real divergence between heritable epigenetic marks
diminishes or eliminates the genetic barrier between two adaptive peaks
(Pal & Miklés. 1999). Therefore, an epigenetic inheritance system can in-
crease the probability of transition from one adaptive level to another. The
authors also stated that peak shift may be initiated by: (i) slight changes
in the inducing environment, or by (ii) genetic drift of the genes control-
ling epigenetic variability. On the other hand, drift-induced transition is
facilitated even if phenotypic variation is not heritable. Therefore, Pél &
Miklés’s thesis is that evolution can proceed through suboptimal pheno-
typic states, without passing through a deep adaptive valley of the geno-
type, which affects the dynamics and mode of reproductive isolation.

Another studied mechanism is the action of retrotransposons, which
are DNA fragments copied as RNA sequences and inserted in the genome
through reverse transcriptase (Noble, 2006, 2008, 2013; Noble, et al, 2014).
This mechanism represents an increase in the complexity of the inheritance
by making possible the RNA-DNA sense contradicting the DNA-RNA dogma.
On the other side, DNA transposons can use a cut and paste mechanism
that does not involve an RNA intermediate, as observed in prokaryotes
and eukaryotes. According to Beurton, et al. (2000), cellular enzymes are
capable of manipulating DNA in order to perform certain functions. In this
sense, a genome is composed of semi-stable elements that can be arranged
or moved around the genome, thus modifying the information content of
DNA. Associated with these approaches, the role of endocrine disruptors
has become especially important within the field of extra-genetic adap-
tation mechanisms. These disruptors are present in the environment as
elements which are capable of modifying gene expression and are trans-
missible over several generations, even when the disruptor is no longer
present (Gilbert & Epel, 2009) Thus, Noble (2013) asserted that the “gene”
actually is an inherited phenotype, more than an inheritance mechanism.

Another way to address the research and understanding of physiologi-
cal adaptation is through the modular concept of adaptation (Dressino,
2005). First, it is necessary to understand the criteria that allow for module
identification. According to Winther (2001), four basic properties enable
module characterization:

1. Modules have differential genetic specifications. Thereby, higher-level
modules than the gene are built upon specific genes for that module.
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2. Modules are repeated and kept throughout different hierarchical lev-
els and in similar or different contexts.

3. There is a strong connectivity within modules, and a weak one among
modules.

4. Modules change and vary over phylogenetic and ontogenetic time.

This characterization applies to different organization levels, from the
molecular to the organic one. Moreover, the modular approach to physi-
ological adaptation can be briefly conceptualized as follows.

A physiological module represents an adaptation if it is a compensa-
tory response to an alteration produced by one or more stressors that can
maintain or reestablish homeostasis (Dressino, 2005). According to this
definition, a stressor or stressing factor refers to external or internal stimuli
that trigger reactions that tend to disrupt the organic balance.

Several examples that conform to this definition could be mentioned
here. A worth-mentioning example is the “walking hibernation” of po-
lar bears (Ursus maritimus), which has been observed in males and non-
pregnant females, while pregnant females go into deep hibernation. The
extremely cold weather conditions are correlated to scarce food resources.
Under the combination of these stressors (cold weather and food short-
age), polar bears develop a complex network of physiological adaptations.
Polar bears’ body temperature in normal conditions is between 37-38 °C,
while during hibernation it descends up to 31-36 °C. They also lose a lot of
body weight. During hibernation, polar bears recycle the urea in order to
produce proteins and avoid blood poisoning. In addition, lipid catabolism
significantly increases, together with a decrease in the hypothalamus-pi-
tuitary-thyroid axis, which induces a strong hypothyroidism. This reduces
the general metabolic activity, only enabling the basic metabolic functions.
However, the brain and the heart maintain a temperature similar to one
they have during the rest of the year (Folk, et al., 1976; Bruce, et al., 1990;
Hellgren, 1998). These physiological features allow us to assert that they
comply with the four module characterizations proposed by Winther
(2001) as well as with the modular definition of physiological adaptation
(Dressino, 2005).

PHENOTYPIC PLASTICITY: A NECESSARY BRIDGE
BETWEEN PHYSIOLOGICAL ADAPTATION AND NICHE CONSTRUCTION

The modular structure of adaptation cannot be fully understood if phe-
notypic plasticity is not considered. In effect, plasticity is an important
biological characteristic to understand organism variability in a changing
environment. Typically, this variability has been conceptualized as gen-
otype-dependent, that is, genes” differential expression of a genotype to
produce different phenotypic variants. This conceptualization of pheno-
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typic plasticity relates to the “reaction norm” concept, which refers to the
set of phenotypes that can be produced by an individual genotype. In this
sense, plasticity is closely connected to extra-genetic adaptation against
environmental changes. As it was previously mentioned, these changes
may be of different types: temperature, pH, moisture, nutrition, etc. The
phenotypic responses to these changes may be expressed during growth
at the morphological or physiological level, among others. Nowadays,
research about plasticity has revealed the complexity of the mechanisms
that compose it, which are basically translation, transduction, transcrip-
tion and hormonal regulation that does not strictly depend on the genetic
level.

For example, the transcription mechanism is relevant due to the com-
prehension of the alternative splicing, in which all splicing mistakes of
MRNA codons act as gene expression multipliers in several proteins, with-
out modifying the protein coding genes, but arranging them in a differ-
ential manner (polycistronic RNA that present several codons). In this way,
transcription-derived mRNA—in the form of primary RNA transcript or
precursor RNA or pre-RNA—is not active but must comply with a series
of steps to arrive at the mature form. Therefore, the importance of this
mechanism is that not only the expression of a genotype to a specific envi-
ronment is necessary, but also the “errors” of copying the transcript, thus
multiplying phenotypic variability.

Many authors have addressed in detail the adaptation-phenotypic plas-
ticity relationships (Pigliucci, 2001; West-Eberhard, 2003, 2005; Ghalambor
et al, 2007; Gilbert & Epel, 2009; Fusco & Minelli, 2010; Day & McLeod,
2018). In general, most authors recognize two basic “plasticity” concepts:
“adaptive plasticity” and “non-adaptive plasticity.” The first concept must
consider the correlation between trait or character plasticity and adequacy
among the different environments where it arises. This is why plasticity
is adaptive inasmuch as individuals have the reasonable possibility of
experimenting alternative environments. For the purposes of this work,
the relevance of this plasticity type is that it allows us to understand the
colonization of new ecological niches and the rapid divergent evolution.
Instead, the second concept—non-adaptive plasticity—represents the
response to environmental variations without increasing its adequacy
to them, though it may either promote or inhibit genetic differentiation
(Fitzpatrick, 2012). In this sense, there are two closely related concepts:
phenotypic plasticity and environmental induction. While plasticity is a
characteristic of the organism (or its proneness to express different pheno-
types in diverse environments), environmental induction represents the
influence of environmental action on the organism. Plasticity may mani-
fest itself in a homogeneous population within a homogeneous environ-
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ment, while environmental induction may occur when the heterogeneous
environment generates phenotypic heterogeneity.

The phenotypic plasticity of reproductive traits can be an influencing
factor on the evolution of reproductive isolation (second component of
ecological speciation). According to Fitzpatrick (2012), this type of repro-
ductive plasticity can cause a selective breeding, yet its influence on the
genetic flow ultimately depends on the maintenance of environmental
similarities between parents and offspring. This concept is important with
regard to niche construction, where the offspring-“inherited” environ-
ment has been modified, to a greater or lesser extent, by their parental
generation. Therefore, since selective breeding is carried out in a differ-
ent environment, it would represent an important evolutionary factor.
In short, plasticity could be considered an influencing factor on the spe-
ciation process (Frankino & Raff, 2004; Schlichting, 2004; West-Eberhard,
2003, 2005).

Recent studies about transgenerational phenotypic plasticity have
shown that it is a fast non-genetic response to environmental modifica-
tions that can buffer the effects of stresses on populations (Sentis, et al.,
2018). The authors monitored the pea aphid (Acyrthosiphonpisum) trans-
generational phenotypic response to predators, such as ladybirds, during
27 generations of experimental evolution in the absence of initial genetic
variation (cloned population starting from a single individual). Results
revealed that the frequency of winged aphids first increased rapidly in
response to predators and then remained stable over 25 generations. This
implies a stable phenotypic reconstruction at each generation. An interest-
ing aspect to mention is that aphids continuously exposed to predators
for 22 generations evolved a significantly weaker plastic response than
aphids never exposed to predators. The data of this experiment showed
the evolution of plasticity in the absence of initial genetic variation and
highlighted the importance of integrating several components of non-
genetic inheritance to detect evolutionary responses to environmental
changes. Moreover, the rhythm of the observed change tendencies may
suggest that the gradual changes observed involved the action of revers-
ible epigenetic mechanisms.

NICHE CONSTRUCTION
The “niche construction” concept was originally proposed by Lewontin
(1983) by pointing out that organisms do not passively adapt to conditions
in their environment, but actively construct and modify environmental
conditions and maybe to influence other environmental sources of selec-
tion. This idea meant the beginning of new approaches in evolutionary
biology as well as in different related disciplines. The ‘niche construction’
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was proposed by John Odling-Smee (1988) asserting that it should be rec-
ognized as an evolutionary process. “Niche construction” is a complex
concept that is usually very broad and has multiple facets that may lead
to some confusion in its use. This problem is partly derived from its link
to the concepts of ecological niche, natural selection and adaptation, and
from its relevance as an explanatory principle of certain evolutionary pro-
cesses. The concept is comprehensive since it includes the modification of
metabolic activity in relation to cultural changes, such as the modification
of eating habits, etc. Bonduriansky & Day (2018) have recently developed
the concept of “extended heritage” showing how the mechanisms of non-
genetic inheritance (epigenetic, behavioral, environmental and cultural)
can play an important role in evolution. On the other hand, the intersec-
tions between niche construction and natural selection have generated a
strong controversy that remains in force (Laland, et al., 2014).

According to Laland, et al. (2016), the niche construction theory is based
upon four tenets: 1) organisms modify environmental states in nonrandom
ways, thereby imposing a systematic bias on the selection they generate,
and allowing organisms to exert some influence over their own evolution
(Odling-Smee, et al., 2003; Laland, 2014); 2) ecological inheritance strongly
affects evolutionary dynamics (Odling-Smee, et al., 2013), and contributes
to parent-offspring similarity (Danchin, et al., 2011; Bonduriansky, 2012;
Badyaev & Uller, 2009); 3) acquired characters and byproducts become
evolutionarily significant by affecting selective environments in system-
atic ways, and 4) the complementarity of organisms and their environ-
ments (traditionally described as ‘adaptation’) can be achieved through
evolution by niche construction (Odling-Smee, et al., 2003). Moreover,
Matthews, et al. (2014) proposed a set of criteria to test for the presence of
niche construction, from which we will only analyze the ones that are rel-
evant to the aims of our research. These are: a) an organism must signifi-
cantly modify environmental conditions, and b) organism-mediated envi-
ronmental modifications must influence selection pressures on a recipient
organism. These pressures on the recipient organism could be understood
by assuming the selective pressures on genotypes. Thus, this last criterion
is important for an adaptive niche in an evolutionary sense, in line with a
traditional perspective of the modern synthetic theory, and it would not
have an impact on extra-genetic adaptations. However, molecular genet-
ics current evidence and the genome sequencing have demonstrated the
ambiguities and contradictions of the synthetic theory. This evolutionary
perspective is unnecessarily restrictive, nevertheless, the reintroduction
of the physiological function and the interactions with the environment
are factors that influence the speed and nature of inherited changes. All
acquired characteristics can be inherited, and in a few but increasingly
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more cases, it has been demonstrated that inheritance is robust and inter-
generational (Noble, 2013).

On their part, advocates of niche construction perspective assume that
it is simply an adaptation. Phenotypes are considered to modify local en-
vironments when constructing the niche. In addition, each generation in-
herits genes and the environment as modified by the ancestral organisms.
This relationship between genes and environments from one generation
to the next creates a synergy that is transmitted in a modified form. Like-
wise, the niche construction perspective enables the incorporation of abi-
otic environmental components and the interactions between biota and
abiota in evolutionary models as evolutionary control networks begin to
emerge (Odling-Smee, et al., 2003).

An extensive bibliography addresses adaptation from an evolutionary
perspective related to natural selection. Even so, extra-genetic adaptation
cannot be posited within such framework because it does not depend
on natural selection and is the result of each individual’s physiological
features. Epigenetics comprises a special case, in which the influence of
methyl groups over certain genes and histones can be transmitted for sev-
eral generations, depending on the species. Further, we need to consider
that this transmissibility is reversible.

Numerous works show the importance of epigenetic mechanisms in
adaptive and evolutionary processes. For example, Weiss, et al. (2016)
made some research on Daphnia (Cladocera, Crustacea) which revealed
the development of defenses against the presence of a predator, such as
dipteran larvae Chaoborus or its pheromones (kairomones). In turn, there
is evidence of postpartum cultural transmission in rats from mothers to
their female offspring (Champagne, 2008). This transmission is based on
the neuroendocrine system’s molecular mediators, where the interactions
between estrogen-oxytocin and the differential methylation of estrogen
hypothalamic recipients take place. In rats and human beings, the cultur-
al-physiological transmission can be observed in several generations.

The existing complexity between niche construction and extra-genetic
adaptation requires complex research and designs; anyhow, the existing
data allow us to consider that both concepts are integrated. It is worth
recalling that evolutionary niche construction is also related to genetic ad-
aptation. This has been shown in the evolution of the lactase enzyme pro-
duction in order to split lactose into glucose and galactose in adult human
beings, thus favoring livestock development (Cavalli Sforza & Feldman,
1981).
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CONCLUSIONS
The line of argument of this work intends to show the relationships be-
tween extra-genetic adaptation and niche construction through pheno-
typic plasticity as an evolutionary factor. In this sense, a first conclusion
may be that, given the conceptual interconnection between these terms, it
is very difficult to use them independently. Based on the arguments pre-
sented, the conjunction of these terms is clearly relevant as possible evolu-
tionary mechanisms. These can be from the role of reproductive plasticity
or from the participation of extra-genetic adaptation as a factor in the dif-
ferential reproductive success. As previously mentioned, epigenetic pro-
cesses play a role in reproductive isolation, which is the first step towards
a possible speciation. Likewise, transgenerational phenotypic plasticity, in
the absence of initial genetic variation and with the influence of epigenetic
factors, proved to be a potentially relevant evolutionary agent.

As it was previously shown, niche construction is also a concept that
involves both aspects of adaptation: genetic and extra-genetic adaptation.
In this context, this work may act as a bridge between classical approaches
of evolutionary theory and as an alternative perspective based on the re-
versibility of extra-genetic and physiological inheritance. Due to all the
previous arguments, it can be inferred that extra-genetic adaptation and
phenotypic plasticity play an essential role in the first stages of a species
evolution through niche construction. This evolutionary perspective is
not directly related to the gene-centered traditional perspective mediated
by natural selection. However, a flexible and even reversible alternative
mechanism allows the organism to modify the environment in order to
leave an inherited niche to its offspring, different from their parents’ one.
In the constantly changing organism-environment dynamic, the organ-
ism’s phenotypic manifestations (e.g. culture) become particularly impor-
tant as factors of environmental change.

Finally, regarding all previously mentioned debates about whether
niche construction may represent an alternative concept to natural selec-
tion (Laland, 2014), it is important to consider extra-genetic adaptation,
phenotypic plasticity and niche construction as evolutionary mechanisms
independent from classical evolutionary approaches, as indicated by sev-
eral empirical data. Furthermore, these mechanisms should be investigate
as an evolutive research programme by its complexity.
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