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Over the past two decades, the study of epigenetics has emerged as 
an important discipline for the understanding of biological evolution 
(for reviews, see, for instance: Bossdorf, Richards, & Pigliucci, 2008; 
Danchin et  al., 2011; Danchin, Pocheville, Rey, Pujol, & Blanchet, 
2020; Jablonka & Raz, 2009; Rando & Verstrepen, 2007; Richards, 
2006; Skinner, Manikkam, & Guerrero-Bosagna, 2010; Wang, Liu, & 
Sun, 2017). From the turn of the third millennium onwards, major 
advances have been generated by exceptional technological ad-
vances in high-throughput sequencing that now allow the simul-
taneous analysis of genomes, epigenomes and transcriptomes in 
all their complexity. These approaches, initially developed by mo-
lecular biologists, are becoming accessible to researchers in other 
subdisciplines of biology working on both model and non-model 
species. Consequently, these approaches have provided a new impe-
tus to studies of the relationships between genes, environment and  
phenotypes in an eco-evolutionary context. A particularly surpris-
ing outcome of the use of recent high-throughput molecular tech-
nologies was the discovery that the information encoded into the 
DNA nucleotide sequence by itself is often insufficient to explain 

biological variation in all its complexity (Maher, 2008). This resulted 
in the debate about missing heritability and revealed the existence 
of other forms of information transmission across generations 
(Danchin, 2013).

The discovery of epigenetics (any modification other than 
changes in DNA sequences affecting gene expression, whether 
those modifications have been shown to be stable or not) profoundly 
changed our understanding of the functioning of biological organ-
isms and generated considerable interest in its role as a ‘missing link’ 
between environmental and phenotypic variation. In particular, re-
cent discoveries have fostered a full revision of the mechanisms of 
phenotypic plasticity (Bonduriansky & Day, 2018; Herman, Spencer, 
Donohue, & Sultan, 2014; Jablonka, 2013; Pigliucci, Murren, & 
Schlichting, 2006; Reed, Waples, Schindler, Hard, & Kinnison, 2010; 
Sentis et al., 2018; Sultan, 2011; Zhang, Fischer, Colot, & Bossdorf, 
2012), inheritance (Bonduriansky, 2012; Bonduriansky & Day, 2018; 
Danchin, 2013; Day & Sweatt, 2011) and adaptation (Danchin et al., 
2011, 2018, 2019; Pocheville & Danchin, 2015, 2017). These three 
major lines of research in evolutionary biology are at the crossroads 
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Abstract
1.	 The discovery of the multidimensional nature of the inherited information carried 

by the epigenome and the characterization of its intra- and intergenerational dy-
namics have profoundly changed our understanding of the functioning of biologi-
cal organisms and the origins of phenotypic diversity.

2.	 This has raised considerable interest in the study of epigenetics which is emerging 
as a ‘missing link’ between environmental and phenotypic variation.

3.	 Recent discoveries have provided important insights into the mechanisms of phe-
notypic plasticity, inheritance and adaptation; key concepts at the crossroads of 
individual-centred approaches (that mostly study proximate mechanisms); and 
supra-individual ones (that mostly study ultimate processes).

4.	 In this context, epigenetics emerges as a major source of inquiry for the study of 
ecological and evolutionary dynamics. This special feature provides an overview 
of the role of epigenetics in ecology and evolution.

K E Y W O R D S

ecology, epigenetics, evolution

www.wileyonlinelibrary.com/journal/fec
mailto:﻿
https://orcid.org/0000-0003-0991-4434
https://orcid.org/0000-0001-8000-4308
https://orcid.org/0000-0002-5013-9612
mailto:anthony.herrel@mnhn.fr


382  |    Functional Ecology EDITORIAL

between individual-centred approaches (that mostly study prox-
imate mechanisms) and supra-individual approaches (that mostly 
study ultimate processes) and are all impacted by our understand-
ing of epigenetics (Danchin & Pocheville, 2014; Jablonka & Lamb, 
2005; Pocheville & Danchin, 2015). Epigenetics has emerged as a 
key discipline in the study of ecological and evolutionary dynamics, 
and this special feature contributes to highlighting the importance 
of this discipline.

As most disciplines in molecular biology, the study of epi-
genetics initially benefited considerably from the use of model 
organisms. Today, however, the time is ripe to transfer discoveries 
from model organisms to non-model organisms, rendering these 
approaches more ecologically relevant. The transfer of knowledge 
to non-model organisms and more complex naturalistic settings 
may then allow us to study the molecular basis of the complex in-
teractions among organisms within communities and ecosystems. 
As such, the study of epigenetic inheritance may provide novel 
insights into previously unexplained aspects of complex ecolog-
ical interactions. With this special feature on the impact of epi-
genetics in the field of ecology, and particularly that of functional 
ecology, we want to stimulate ecologists to embrace epigenetics 
as a major source of information allowing the study of the inter-
actions among organisms and their biotic and abiotic environment 
with the hope of fostering a better understanding of adaptation 
and evolution.

The potential role of epigenetics in answering important ecolog-
ical and evolutionary questions is illustrated in this special feature. 
First, Pimpinelli and Piacentina (2020) discuss how transposons may 
contribute to translating phenotypic plasticity into genetic variabil-
ity through their impact on epigenetic mechanisms. Especially in the 
context of rapid environmental change, it may be important to be 
able to translate phenotypic plasticity into variation that is encoded 
in the genome, and thus under direct natural selection. Pimpinelli 
and Piacentina argue that modifications induced by transposons 
would not only impact epigenetic mechanisms but also be stably in-
herited. Indeed, transposable elements are environment-responsive 
molecular elements that can rapidly produce phenotypic and geno-
typic variants in response to environmental perturbations by caus-
ing regulatory changes in the transcription of the genome. As such, 
transposons may play an important role on the relevant ecological 
time-scales within which organisms need to respond to the current 
and ongoing rapid changes in their environment. At the end of their 
review, Pimpinelli and Piacentina discuss a few model systems where 
transposons are likely to have played a role in the rapid phenotypic 
diversification observed and suggest promising avenues for future 
research.

The characterization of parental transmission of epigenetic vari-
ation to offspring is of major importance to understanding how rapid 
individual phenotypic changes are passed on through generations 
and stay heritable over generations. A number of studies have been 
devoted to demonstrating how maternal processes shape the physi-
cal and social context of offspring development through behavioural 
and physiological mechanisms (Adkins-Regan, Banerjee, Correa, & 

Schweitzer, 2013; Galloway, 2005). Yet, little is known about how 
paternal transmission occurs. Champagne (2020) describes the cur-
rent state of knowledge regarding paternal epigenetic effects, the 
interplay between maternal and paternal influences, and the im-
portance of considering the complex nature of reproduction when 
predicting the transmission of phenotypes across generations. The 
paper reviews experimental evidence on how sperm can drive the 
paternal transmission of epigenetic marks by a diversity of environ-
mental effects, such as nutritional or toxicological effects, and may 
shape offspring characteristics. The review also emphasizes how 
the environmental exposure history of males may alter female mate 
preference through sexual selection processes. It hence argues for a 
better integration of behaviour in the transgenerational transmission 
of epigenetic variation.

Biological invasions are a global scourge and a major issue in 
the current context of globalization and the world-wide and rapid 
transport of organisms outside of their native range. However, for 
an invader to be successful it needs to be able to rapidly respond 
to and cope with different environmental conditions. Marin et al. 
(2020) examine the possible link between stress, epigenetic 
changes and transposable element activity in generating pheno-
typic and genetic variation in invasive populations. They argue 
that these mechanisms can contribute to the success of biolog-
ical invasions by facilitating plasticity as well as rapid adaptive 
evolution. Indeed, whereas epigenetic variation and transposable 
elements are generally well regulated and thus not expressed 
in natural populations, these mechanisms may be released from 
their regulation in new and stressful environments. As such, 
Marin and collaborators argue that the epigenome needs to be 
studied in greater detail if we want to understand the mecha-
nisms by which populations successfully colonize and adapt to 
new environments.

Given the ability of epigenetic mechanisms to allow organisms to 
respond to rapid changes in their environment, they may also play an 
important role in conservation. Indeed, the paper by Rey et al. (2020) 
argues strongly that epigenetic variation and more particularly DNA 
methylation represent important components of biodiversity linking 
genomes to environments. They highlight the importance of DNA 
methylation in providing biomarkers for past and present environ-
mental stress, the ecological structuring of wild populations, improv-
ing translocations and studying landscape connectivity. As such, 
epigenetic mechanisms appear to be a promising and important tool 
in conservation biology.

Together, these papers not only show the versatility of epigenetic 
mechanisms in generating phenotypic variability but more importantly 
show the importance of including epigenetic thinking when address-
ing questions in ecology and evolution. Especially in our current ever 
more rapidly changing landscape, understanding how organisms may 
respond to change appears a crucial biological endeavour for which 
epigenetic approaches may provide a major contribution. Different 
aspects would need further theoretical and experimental investiga-
tion, including (a) the quantification of epigenetic reversion rate at the 
individual and transgenerational scales under different environmental 
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scenarios; (b) the characterization of the epimutation pattern (random, 
directed – as for phenotypic plasticity, or dependent or not on environ-
mental conditions), here again at the different biological levels; (c) the 
study of the genetic control of epimutations in relation to the possible 
genetic transmission across generations; and (d) the causal relationship 
between epigenetics, phenotypes and fitness in order to establish the 
adaptive value of epigenetics. Among these four points, the latter is 
probably the most crucial to demonstrate the extent of epigenetics in 
evolution as well as its impact on the heritability and the stability of the 
genomic compartment.

We hope that this special feature will stimulate readers to think 
about the role of epigenetics in ecology and evolution and that it 
will spark new studies trying to understand variation in nature and 
its role in allowing populations to respond to variation in biotic and 
abiotic factors.
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