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Abstract This is an introduction to a collection of articles on the conceptual his-
tory of epigenesis, from Aristotle to Harvey, Cavendish, Kant and Erasmus Darwin,
moving into nineteenth-century biology with Wolff, Blumenbach and His, and onto
the twentieth century and current issues, with Waddington and epigenetics. The pur-
pose of the topical collection is to emphasize how epigenesis marks the point of
intersection of a theory of biological development and a (philosophical) theory of
active matter. We also wish to show that the concept of epigenesis existed prior to
biological theorization and that it continues to permeate thinking about development
in recent biological debates.
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What does it mean to investigate the conceptual history of a scientific term such
as epigenesis? Epigenesis is the embryological theory according to which “organs
[...] are progressively formed from, or emerge from, an originally undifferenti-
ated, homogenous [material]” (Smith 1976, p. 264). Aristotle (384-322 BC) is
often seen as the first philosopher who defined epigenesis, despite the fact that the
term does not appear at all in his work. In our topical collection, Ina Goy asks if
it makes sense to ascribe such a view to an ancient thinker given that epigenesis
is in some basic sense a necessarily ‘modern’ notion (Goy 2018). Aristotle’s great
successors in the sixteenth and seventeenth centuries, starting with William Har-
vey (1578-1657), already proposed revised and expanded definitions compared to
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what has been attributed to Aristotle (see in our topical collection, in addition to
Goy’s essay, Benjamin Goldberg’s discussion of Harvey: Goldberg 2017). For Aris-
totle, epigenesis could be seen as a general process that explained the development
of a form. For Harvey it means, to abbreviate his analysis considerably, the “addi-
tion of the parts that successively arise” or “the superaddition of parts”, “the form
is due to the potency of a preexisting material” (Harvey 1847, ex. 51, 45 p. 372, p.
335), although Harvey actually distinguishes, within the general theme of embryos
emerging out a process of purely material complexification, between metamorphosis
and epigenesis' (metamorphosis being, for Harvey, the process by which the whole
material contained in the embryo is transformed).

While epigenesis came in the seventeenth and eighteenth centuries to be seen as
a ‘materialist’ or ‘materialism-friendly’ concept linked to generation (e.g. Samuel
Clarke negatively and Denis Diderot positively), as opposed to preformation, such a
vision would run into major obstacles within Harvey’s work, given that in his analy-
sis of generation (if not in his even more celebrated analysis of circulation) he is
a self-proclaimed Aristotelian. In an Aristotelian theory of generation, epigenesis
implies that the unformed (or “unpreformed,” as Jason Scott Robert has it; see Rob-
ert 2004, p. 36) organismal substance takes up a form that is in it potentially. Harvey
was read and eagerly appropriated by materialistically inclined thinkers in the next
century, but one must not lose sight of his own Aristotelianism. However, since our
interest here is not Harvey in and of himself, but the shifting fortunes of the epigen-
esis concept, it is important to note that very soon afterwards, ‘epigenesis’ came to
designate an intersection between a theory of biological development and a theory
of the vital potentiality of matter to self-organize.

As early as Francis Glisson (1598-1677), we find epigenesis associated with
a metaphysics of life, a theory of innate potentialities or ‘appetites’ in matter (Gigli-
oni 2008; Wolfe 2017a). The way epigenesis is in fact located in between embryol-
ogy and metaphysics is also apparent in Samuel Clarke’s attacks on Anthony Col-
lins, early in the next century: “It being as impossible that the organized Body of
a Chicken should by the power of any Mechanical Motions be formed out of the
unorganized Matter of an Egg; as that the Sun, Moon and Stars, should by mere
Mechanism arise out of a Chaos” (Clarke 1707, in Clarke 1978, III, p. 789). In her
contribution to our topical collection, Angela Ferraro (Ferraro 2016) discusses little-
known medical and philosophical treatises in favor of epigenesis, from the end of
the seventeenth century to the 1720 s, illustrating early connections between materi-
alism and epigenesis, prior to well-known statements from authors such as Buffon,
Maupertuis and Diderot in the mid-eighteenth century (on epigenesis and material-
ism in the later period see Schmitt 2014; Wolfe 2014). By the early twentieth cen-
tury, epigenetic notions (including the legitimate or illegitimate progeny of epigen-
esis, epigenetics, discussed in the essays by Antonine Nicoglou on Waddington, and
Karola Stotz and Paul Griffiths on epigenetics per se) seem to be fellow-travellers of
vitalism.

! It is worth noting that some scholars such as Bowler speak of all such positions as ‘metamorphosis’ in
any case (Bowler 1971, p. 223).
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Further metaphysical implications of epigenesis are explored by Goldberg, whose
essay discusses William Harvey’s, but also Margaret Cavendish’s treatment of the
topic, and Boris Demarest, who delves into Kant’s analysis of epigenesis and seeks
to show how the German philosopher shifted the ground of the epigenesis-prefor-
mationism debate. In contrast to this Kantian focus (and the fixation on self-organ-
ization that often comes with it), Amanda Goldstein’s essay seeks to reconstruct an
alternative, “Romantic genealogy of the biological present” in which Jean-Baptiste
Lamarck and Erasmus Darwin come to the fore (Goldstein 2017; see also Miiller-
Sievers 1997).

From the theoretical point of view, preformation, understood as the theory
opposed to epigenesis, only appeared in the seventeenth century with the work of
Marcello Malpighi (1628-1694) and his observations with a microscope, through
which he thought he could see miniaturized organs in the egg or even in the semen
(Adelmann 1966; Bertoloni Meli 2011). One can say that the debate between epi-
genesis and preformationism became “the central problem of embryology in the
early modern period, at the moment when preformation gained new plausibility as
a result of microscopic research on the primordia of living beings” (Smith 2011, p.
170). After a long period during which the theory of epigenesis was rejected in favor
of preformation, at the end of the eighteenth century the principle of epigenesis
reappeared with the emergence of descriptive embryology and the work of Caspar
Friedrich Wolff (1733-1794). As Dupont describes it, in Wolff’s work, “formation
operates through a series of distinct creations of systems (nervous, muscular, diges-
tive, etc.), rather than through isolated organs, each of them forming a relatively
autonomous whole” (Dupont 2003, p. 50). Here, embryological experiments are
bound up with philosophical and theoretical interpretations, including in the Wolft-
Blumenbach debate in the early nineteenth century. By the time of Wilhelm His’
(1831-1904) work extending the Entwicklungsmechanik paradigm (discussed in the
essay by Jean-Claude Dupont 2017), epigenesis had become a wholly experimental
endeavor—although at the same time, we should be cautious with regard to facile
oppositions between ‘metaphysical’ and ‘experimental’ dimensions of the epigen-
esis concept. From the early modern context to Waddington in the mid-twentieth
century, ‘poiesis’, ‘surrounding forces’, and a specific conception of ‘causality’ are
all parts of the metaphysical apprehension of embryogenesis. Indeed, for most of
the authors referring to the idea of epigenesis, experiments become central to prove
their intuitions. However, the concepts they use remain highly linked to a metaphysi-
cal background. For instance, both the notion of forces and causality refer to their
complex uses in philosophy and not yet to a mechanistic causality as it will be the
case from the mid-twentieth century.

The tension between epigenesis and preformationism as theories, evolves from
the eighteenth century onwards, as has been studied in increasingly specialized
scholarship (Needham 2015; Gould 1977; Roe 1979, 1981, 2003; Robert 2004;
Maienschein 2005; Detlefsen 2006; Laubichler and Maienschein 2009; Miiller-Wille
and Rheinberger 2012). Epigenesis was understood as the idea that there was no
pre-established organization whereas with preformationism, the parts were already
determined. While the preformationists finally took over in the debate, more than
a century later, the embryologists Hans Driesch (1867-1941) and Oscar Hertwig
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(1849-1922) influenced by the cell theory argued in favor of the theory of epigen-
esis. In his famous book of 1977, entitled Ontogeny and Phylogeny, Gould argued
that one should use the notion of neo-epigenesis to describe their theories since they
have little or almost nothing to do with C.F. Wolff’s eighteenth century use of the
notion of epigenesis.

Joseph Needham was certainly right when he argued in 1934, in the first edition
of his history of embryology (revised edition, 1959), that the history of the oppo-
sition between epigenesis and preformationism was almost synonymous with the
history of embryology (Needham 2015). However, scholarship in the past decades
has increasingly emphasized that the meaning of each of these notions has broadly
changed in the course of centuries, even if at times it is claimed that “Epigenesis has
triumphed in modern developmental biology since the zygote is undifferentiated,
and different types of cells, those of nerves, muscles, and such, develop only gradu-
ally as a result of conception” (Smith 2011, p. 170). In fact, in an instance of theory
and experiment in interaction, the new methods and techniques applied in the field
of embryology have progressively, but also vastly contributed to modify the way
the different scientists have understood and defined those two theoretical options. In
addition to this, the interest in embryology has progressively moved towards issues
in genetics from the early twentieth century on.

In the early 1930 s, Conrad Hall Waddington (1905-1975), who was interested
in both embryology and genetics (he had worked with two Nobel Prize winners,
Hans Spemann, the expert of the induction process in embryology and with Thomas
Hunt Morgan, who had discovered the role that chromosomes play in heredity), pro-
posed the notion of epigenetics to describe the developmental processes to produce
phenotypes from genotypes (Peterson 2017; Nicoglou and Merlin 2017; Nicoglou
2018). Waddington’s first idea was to reexamine epigenesis (understood as develop-
mental process) by including genetical data. But the notion of epigenetics evolved
in Waddington’s mind and its definition is nowadays the subject of arduous debates
in the scientific community (Ptashne 2007; Bird 2007). It is one of the reasons why
anybody who deals with epigenetics today or sixty years ago is probably not talking
about epigenesis in any of its older senses (Griffiths and Stotz 2013; Stotz and Grif-
fiths 2016; Willer 2010).

Work on epigenesis has taken different forms in recent decades. Sometimes it is
studied in strictly historical terms, as in the studies by Needham, Gould, Roe and
other, or as part of a new focus on generation in early modern philosophy (Smith
ed. 2006) or in the history of embryology (from Needham to Maienschein). Some-
times the dominant influence is contemporary theoretical biology, as in the 2002
volume From Epigenesis to Epigenetics (Van Speybroek, Van de Vijver, and de
Waele, eds. 2002). In this topical collection we have sought, without claiming to
reach some purported ‘total’ narrative, to revisit the concept, scientific contexts and
metaphysical implications or foundations of epigenesis. The papers included here
go from Aristotle and especially, the early modern period, to the nineteenth cen-
tury (touching on theological dimensions, matter-theory and materialism), as well as
confronting epigenesis with genetics and its new challenger, epigenetics. A recurrent
theme, sometimes implicit, sometimes explicit, is that epigenesis implies that matter
has the power to self-organize, beyond the confines of embryological theory; in this
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way, ideas of active matter even find echoes in the discourse of molecular genetics,
in ways that would appeal to current New Materialists (Wolfe 2017b), if not to the
‘working molecular biologist’ or her reductionist philosophical commentator.

Acknowledgements Thanks to Jean-Claude Dupont and Staffan Miiller-Wille for their input on an ear-
lier version of this introduction.
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