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In the early 1960s, American philosopher of science Thomas Kuhn
contributed to a “crisis of rationality” with his hypothesis that sci-
ence develops by means of paradigm shifts. He challenged
the positivist concept of cumulative and continuous scientific
progress. According to Kuhn, the relation between two succeed-
ing scientific traditions ‘separated by a scientific revolution’ is
characterized by conceptual incommensurability that constrains
the interpretation of science as a cumulative, steadily progressing
enterprise. Thomas Kuhn'’s philosophy was heavily criticized by
German-American biologist Ernst Mayr as unapplicable to the his-
tory of biology. Mayr, one of the most outstanding evolutionary
biologists of the 20th century and a “co-architect” of the so-
called Modern Synthesis (contemporary Darwinism), published
extensively on the history and philosophy of biology as he
thought that theoretical biology cannot progress without proper
philosophy of science. Being convinced of the progressive devel-
opment of Darwinism, Mayr pointed out that Kuhn’s concept of
scientific revolutions does not reflect conceptual changes in evo-
lutionary biology. Here we summarize Mayr’s critiques of Kuhn
and, based on our own research, take Mayr’s side in the contro-
versy between two great thinkers.
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B Hauane 1960-x rr. amepuKaHckuii dpunocodp Tomac KyH, c ero rm-
noTe3oi NapagurMasbHbIX CABWUIOB, CTa/l OGHON U3 MPUYMH TaK
Ha3bIBaEMOro «Kpu3uca paumoHanbHocTU». OH 6pocun BbI3OB
NO3UTUBUCTKOM KOHLEMUUN KYMYNSTUBHOTO M HENpepbIBHOIO
Hay4Horo nporpecca. CornacHo KyHy, OTHOWEHUS MeXAy AByMS
HayYHbIMU TPAAULMAMM, Pa3feNeHHbIMU Hay4HOW PEBOMIIOLMEN,
XapaKTepu3yeTcsl NOHATUEM «HECOM3MEPUMOCTb», UMEHHO OHO
M OFPaHUYUIO BO3MOXKHOCTb MHTEPMPETALMM HAYKMN KaK CTabub-
HO NPOrPeccUpYHOLLEro, KYMYISTUBHOIO NPeAnpuUsaTUs.
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4To KOHuenuus KyHa He oTpaxaeT KOHUenTyasbHbIX CABWUIOB
B UCtopumn 3BOJ1}0LI,VIOHHOﬁ 6uonoruu.

KnroueBbie cioBa: IpHcT Mariip, Tomac KyH, UCTOPUS 3BO/THOLIMOHHOM
Teopun, [JapBMHU3M, asbTEPHATUBHbIE 3BO/IIOLMOHHbIE TEOPUM, dU-
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Introduction

The Canadian philosopher Ian Hacking wrote in his classic introduction
to the philosophy of science: “Philosophers long made a mummy of sci-
ence. When they finally unwrapped the cadaver and saw the remnants of
an historical process of becoming and discovering, they created for
themselves a crisis of rationality. This happened around 1960s” [Hack-
ing, 1983, p. 1]. Thomas Kuhn was the major contributor to this “crisis
of rationality” with his hypothesis that science develops by means of his-
torically sudden paradigmatic shifts. He challenged the positivist con-
cept of cumulative and continuous scientific progress [Levit et al.,
2014]. According to Kuhn, the relation between two succeeding scien-
tific traditions “separated by a scientific revolution” is characterized by
conceptual incommensurability that constrains the interpretation of sci-
ence as a cumulative, steadily progressing enterprise [Hoyningen-Huene,
2005, p. 152]. The most fundamental aspect of incommensurability is
that “the proponents of competing paradigms practice their trades in dif-
ferent worlds” [Kuhn, 1996, p. 150].

Simultaneously with this “crisis of rationality”, the 1960s saw the
ultimate victory of Darwinism in all biological disciplines, even in those
initially experiencing strong non-Darwinian influences. It was the time
when Michael Ghiselin declared “The Triumph of the Darwinian
Method” [Ghiselin, 1969] and there was little disagreement with his
claim. The triumph of Darwinism resulted from the decades long strug-
gle between selectionism and its scientific alternatives. The heavy price
paid for this achievement needed not only to be preserved within biol-
ogy, but also protected from the crisis of rationality descending upon
evolutionary theory from the philosophy of science, nourished mostly by
the history of physics. Wittgenstein, Hempel, Nagel and Popper, Mayr
emphasized, proceeded exclusively from the analysis of physics, mathe-
matics and logic; the specificity of biology was completely ignored
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[Mayr, 1997a]. Mayr assumed the role of philosophical patron over Dar-
winian biology, being at once a crucial figure of the Modern Synthesis
and its chronicler. Mayr recognized the threat coming from physics-
based philosophy of science early on: “The people who come from the
physical sciences have an enormous amount of difficulty with evolution-
ary biology” [Lewin, 1982]. The first major threat for biology was not
being recognized as a science at all. For a while, Karl Popper promoted
a view that Darwinism is a metaphysical research program and not a sci-
entific theory, but this issue was settled due to Mayr’s effort and Popper
ultimately changed his mind: “At first, he [Popper - auth.] said the ‘just
so’ stories of natural selection cannot be proven, and evolutionary biol -
ogy is not really scientific. He said this again and again. But in the last 2
or 3 years he has taken it back because he finally realized that evolution-
ary biology is a different kind of science from the functional sciences,
from the experimental sciences, but it is nevertheless science” [Mayr’s
interview in Science: Lewin, 1982].

The second major threat was Kuhn’s theory of paradigm shifts as it
would potentially make Darwinism into a “puzzle-solving” game in-prin-
ciple equal with anti-Darwinian biology. It was to protect his brainchild
(Darwinism) that Mayr came up with a devastating critique of Kuhn from
the biological perspective. The importance of Mayr’s anti-Kuhnian argu-
ments is strengthened by the fact that they apply not only to Kuhn him-
self, but also to other theories insisting on disruptions in the history
of science: “Some historians of science like to distinguish different peri-
ods, each with a single dominant paradigm (Kuhn), episteme (Foucault),
or research tradition” [Mayr, 1982, p. 113]. Mayr argued against all dis-
ruptive philosophies of science.

Although Mayr’s influence both in biology and its philosophy cannot
be overestimated, his critique of Kuhn did not make the latter unattractive
for historians and philosophers of biology; Kuhnian terminology is em-
ployed even in very recent publications in these fields. For example,
in answering the question whether the Modern Synthesis was an institu-
tional or theoretical event, Gayon & Huneman appeal to Kuhnian no-
tions: “To use Kuhn’s dual characterization of a paradigm, as either
an ‘exemplar’ or a ‘disciplinary matrix,” I am tempted to say: the main
feature of the historical Modern Synthesis that remains today is the exem-
plarity of a group of people who created a disciplinary matrix for evolu-
tion” [Gayon & Huneman, 2019].

This paper proceeds as follows. The next section provides an expla-
nation why Ernst Mayr’s opinion matters. Then we will reconstruct
Mayr’s critique of Kuhn, providing Mayr’s very own example from
the history of evolutionary biology. Thereafter we will articulate our sup-
port of Mayr’s critique and explain how our historical research contrib-
utes to strength of Mayr’s view. In the “Conclusions” all our arguments
will be summarized.
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Fig. 1: Ernst Mayr and one of the authors (U.H.)
of the present paper in Woods Hole, MA at June 6, 1999

Why Ernst Mayr Matters?

Ernst Mayr was one of the most important evolutionary biologists
of the second half of the 20th century, a crucial figure of what is now
known as the Modern Synthesis. Being a leading expert in evolutionary
biology and biological systematics, he advocated a new philosophy of bi-
ology based on his own historical studies. His contributions to modern bi-
ology are undisputable, and numerous articles and books he wrote be-
came a landmark for generations of biologists [Junker & Hossfeld,
2005a; 2005b, 2005c; Junker et al., 2006; Kolchinsky, 2006; Haffer,
2008]. His path-breaking historical reconstructions remain controversial
though [e.g., Levit & Hossfeld, 2006; Winsor, 2006] as he was simultane-
ously a proponent and a historian of the Darwinian movement and in that
sense was a chronicler of his own achievements.

Historical and philosophical studies occupy a very significant part
of his scholarly output. Of more than 700 publications that he has written,
approximately 150 debate topics related to the history and/or philosophy
of biology [Junker, 1996]. The history of the theory of evolution takes up
the largest share of his historical writings at about 60 percent of these
publications. He focused, as might be expected, on the history of Dar-
winism in the 19th century and on the synthetic theory of evolution
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(the Modern Synthesis) in the 20th century. Other important topics in-
cluded the history of ornithology and systematics. To his most crucial his-
torical publications belong The Growth of Biological Thought [Mayr,
1982] reflecting on the whole history of biology, The Evolutionary Syn-
thesis (co-edited with William B. Provine, 1980) reconstructing the his-
tory of the synthetic movement, and One Long Argument: Charles Dar-
win and the Genesis of Modern Evolutionary Thought [Mayr, 1991a]
written for a broader audience and arguing that there were two Darwinian
revolutions, both in line with Darwin’s initial insight. Among his philo-
sophical publications the most influential are: Toward a New Philosophy
of Biology: Observations of an Evolutionist (1988), This is Biology:
The Science of the Living World (1997b), and in 2004: What Makes Biol-
ogy unique? Considerations on the Autonomy of a Scientific Discipline
[Mayr, 2004].

By the early 1970s, as Mayr seriously turned to the history and phi-
losophy of biology, he was already a star biologist with an international
reputation. His historical interest not only awakened relatively late, but he
continued to publish regularly on genuinely biological topics. For him,
history was a constitutive part of an all-embracing research program
in evolutionary biology, where historical accounts go hand-in-hand with
current biological research. History of evolutionary biology was for him
an instrument of Darwinian self-reflection, the way to make to genuine
theoretical advances. He did not see the past and present of biology as
separate fields, but related them to one another. The interferences that oc-
cur thereby are very informative; they become particularly evident in ar-
eas in which Mayr addresses his own biological work.

A critic of Mayr could say that for him historical reconstructions
mattered only as far as they could be related to current advances in biol-
ogy. Indeed, Mayr looked at the past through the prism of modernity and,
in doing so, stood in opposition to an influential group of science histori-
ans around Thomas Kuhn who compromised scientific advances.

Being greatly influenced by Arthur O. Lovejoy's The Great Chain of
Being (1936), Mayr employed in the history of ideas the same method he
employed in biological systematics. He was interested in the “phyloge-
netic” development of certain concepts, in their evolution among other
competing ideas: “In the end, the history of biology is always primarily
a history of ideas” [Mayr, 1993, p. 99]. The task of the history of science
is to explain the survival of the “fittest” scientific concept placing it into
a dynamic historical panorama. Mayr found his panorama “incommensu-
rable” with that of Kuhn.
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Mayr’s Critique of Thomas Kuhn

Taken broadly, especially considering Darwin’s most influential disciple
on the continent, Ernst Haeckel, Darwinian theory not only revolution-
ized biology, but irreversibly changed the worldview of the modern hu-
man, tending toward a new universalist evolutionary epistemology [Levit
& Hossfeld, 2019]. In that sense, the Darwinian revolution seems to be an
even more striking example of a Kuhnian paradigm shift than the revolu-
tion in physics sparked by Einsteinian relativity theory, but Mayr never-
theless claimed that “scientific revolutions in biology do not conform to
the description of such revolutions as given by T. Kuhn” [Mayr, 1994].
Mayr argues as follows.

As early as 1972, Mayr formulated his major objection against Kuhn,
arguing that evolutionism is actually a complex movement that started
in the 18th century and that its many major components were proposed at
different times, by different actors, becoming victorious independently
of each other: “Even though a revolutionary climax occurred unquestion-
ably in 1859 [with the publication of On the Origin of Species - auth.],
the gradual acceptance of evolutionism, with all of its ramifications, cov-
ered a period of nearly 250 years” [Mayr, 1972].

The Darwinian revolution included the replacement of a considerable
number of concepts and therefore requires a lengthy period of time
[Ibid.]. Illustrating what he meant by “concepts”, Mayr discussed six ma-
jor elements of biological theory replaced in the Darwinian revolution.
First, the biblical idea that the Earth is 6000 years old was definitely re-
futed; second, both catastrophism and the concept of the steady-state
world were abandoned and replaced by the idea of the slowly evolving
world; third, the obligatory steady evolutionary progress towards perfec-
tion was replaced by adaptation and specialization; fourth, the idea of cre-
ation was bracketed and for explanatory purposes replaced by natural
causes; fifth, essentialism was replaced by population thinking (more de-
tails on this are below); and, finally, anthropocentrism was abolished and
humans became a part of the evolutionary stream [Ibid.]. The first three
elements Mayr labelled “specific replacements”, i.e., purely scientific
claims which can be established by means of empirical science; the last
three elements he called “metascientific consequences/credos” as they
deal with the revolution of the whole Weltanschauung and not only with
biological issues. All these “elements” in their entirety would, in any
case, lead to a Darwinian-like theory, but if only some of them were
adapted they would bring about alternative evolutionary theories (if evo-
lutionary at all); for example, the observation of evolutionary changes,
combined with essentialism, would lead to various saltationist theories,
but combined with population thinking, it leads to Darwin’s theory
of evolution by natural selection [Ibid.]. The Darwinian revolution was so
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slow, Mayr argued, because it required not merely the replacement of one
scientific theory by another, but the rejection of at least the six basic be-
liefs listed above along with some methodological innovations [Mayr,
1972]. Darwin’s seminal publication in 1859 was the midpoint of this gi-
gantic, slow revolution, not its beginning nor end.

The sluggish growth of evolutionary thought is only a part of the is-
sue, and maybe not the most important one. Many more troubles for the
Kuhnian picture arise from the asynchronism of the Darwinian revolu-
tion. This asynchronism is key to the history of certain biological disci-
plines as well. Mayr gave as an example the history of biological system-
atics, a discipline in which Darwin’s of 1859 produced no decisive
change, as one might have expected on the Kuhnian picture [Mayr, 1982,
p. 144]. This biological discipline was Darwinized only during the Mod-
ern Synthesis by, among others, Mayr himself [Mayr, 1942]. But even
now, the ordering system of Willi Hennig (cladistics) co-exists with
the Darwinian methodology of evolutionary classification [Mayr, 1994].
Another example is paleontology which became fully Darwinian only
in the post-synthetic period [Levit & Hossfeld, 2013].

The thesis of the asynchronism can be applied to the structural com-
ponents of Darwin’s theory as well. Mayr famously distinguished five
theories constituting the core of the Darwinian theoretical system: (1) Evo-
lution as such (the very fact of evolution), (2) evolution by common de-
scent, (3) gradualness of evolution, (4) natural selection and (5) popula-
tional speciation [1982, p. 505 ff.; Reif et al., 2000]. These five parts
of Darwinism became dominant at different times. To illustrate this idea,
Mayr introduced the notion of two Darwinian revolutions.

The first Darwinian revolution occurs around the time of Darwin’s
discovery of natural selection and includes other crucial actors like Wal-
lace and Haeckel. In this period, the very idea of evolution, i.e., the rejec-
tion of species fixism (the constancy of species) and the monophyletic
concept (the theory of common descent) dominated discussions within bi-
ology. The theory of common descent provided a long-term research pro-
gram for all taxonomists, comparative morphologists, paleontologists,
general naturalists, and so on. The first Darwinian revolution also had
philosophical consequences as it, for example, deprived humans of their
self-proclaimed unique position in the universe, instead placing them into
the stream of animal evolution [Mayr, 1990]. The common descent con-
cept was “rapidly adopted and formed perhaps the most successful re-
search program of the immediate post-Darwinian period” [Mayr, 1982,
p. 330]. Yet, Mayr insists that even this was not a drastic paradigm shift
as many evolutionary theories continued to exist in parallel and the theo-
retical building of Darwinism was not complete (e.g. genetics failed
completely).

The second Darwinian revolution centers around the Modern Synthe-
sis, at the core of which was the detailed and genetically based elaboration
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of the theory of natural selection. Natural selection as the only adaptive
directing force in evolution was not a generally accepted concept until
the late 1930s-1940s [Mayr, 1994]. Darwin’s publication resulted in the
wide circulation of the very idea of natural selection, but alternative evo-
lutionary mechanisms circulated as well and in the late 19th and early
20th centuries they eclipsed the purely selectionist methodology
[Bowler, 1983]. The exclusive role of natural selection came in a bundle
with population genetics and the rejection of typological thinking.
The Modern Synthesis opened the way for a discussion of entirely new
problems and thereby founded a set of completely new research pro-
grams inspired by genetics and populational thinking [Mayr, 1982,
p. 560ff]. These research programs, however, developed with different
velocities in different geographical regions, for example, in France, Ger-
many, the Soviet Union (because of the strong influence of Lysenkoism)
and some other countries there was considerable opposition to “syn-
thetic” concepts. Thus, there is also a geographical dimension added to
the concept of asynchrony within the Darwinian revolutions. The Mod-
ern Synthesis, Mayr concludes, “was definitely not a revolution, since it
was clearly only the final maturation of Darwin's theory of evolution”
[Ibid., p. 569].

Mayr introduced one more anti-Kuhnian argument, one which tar-
gets the methodological roots of Kuhn’s theory. To grasp this argument,
one should first understand Mayr’s notion of essentialism. Mayr inter-
preted the “population thinking vs. typological thinking” controversy as
a key issue in the entire history of Western philosophy and science [Levit
& Meister, 2006]. For him, essentialism is “the belief, going back
to Plato, that the changing variety of nature can be sorted into a limited
number of classes, each of which can be defined by its essence. Variation
is simply the manifestation of imperfect representation of these con-
stant essences. Also referred to as typological thinking” [Mayr, 1991a,
p. 179]. Typological thinking is based on the essentialist philosophy/ide-
ology [Mayr, 1997, p. 428], which Plato made into a theory of cognition
by postulating that “the world consisted of a limited number of classes
of entities (eide) and that only the type (essence) of each of these classes
of objects had reality, all the seeming variations of these types being im-
material and irrelevant. These Platonian types (or eide) were considered
to be constant and timeless, and were sharply delimited against other
such types” [Mayr, 2001]. As a consequence, the basic objective of es-
sentialist philosophers was to discover this hidden nature of things.
Nearly all philosophers up to Darwin’s time, Mayr argued, were essen-
tialists and “all of Darwin’s teachers and friends were, more or less, es-
sentialists” [Mayr, 1991b, p. 41]. Essentialism had direct and harmful
consequences for biology, since species were considered to be clearly
discontinuous “natural kinds” with fixed characteristics [Levit & Meis-
ter, 2006]. One of theoretical consequences of essentialism in evolutionary
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biology was the adherence of some scientists to saltationism, i.e., to
the view which denies the Darwinian idea that slow, gradual divergence
of characters is the only source of evolutionary progress. As various
“essences” cannot transit to one another, saltationists claim that cardi-
nally new “body plans” come into being as a result of saltations (sudden,
discontinuous and crucial changes, for example, a series of macromuta-
tions) [Levit et al., 2008].

It was Darwin, Mayr claimed, who radically improved the situation
by emphasizing the uniqueness of every individual in the organic world
and, especially, in every sexually reproducing species. This view became
a cornerstone of a new mode of thinking — population thinking - and laid
the foundation for the natural selection theory. Population thinking pro-
ceeded from the assumption that biological reality consists of uniquely
different entities, while the statistical mean value is an abstraction [Mayr,
1982, pp. 46-47]. Essentialist thinking in its societal implication shared,
in Mayr view, responsibility for mass atrocities such as racism as humans
were categorized in kinds, and these kinds were characterized by certain
fixed attributes (essences).

Mayr applied the essentialism/population thinking dichotomy to
Kuhn'’s theory as well. The latter reflects essentialist-saltationist thinking
which denies the notion of gradual evolution [Haffer, 2008, p. 373]. An
essentialist mind invented the type, “normal science”, and attempted to
attribute it to the real history of science. For essentialists, there is little al-
ternative to the suggestion that certain types of science will be replaced
by other types in a sudden leap, i.e., by saltation. Thus, the essentialist
methodology rooted in Neo-Platonism and banned from biology found its
supporters in the philosophy of science. The accusation of essentialism
was, for Mayr, the worst accusation to which any contemporary scientist
or philosopher could be exposed.

To sum up, neither the first nor the second Darwinian revolution
were revolutions in the Kuhnian sense. The actual Darwinian revolution
was a 250 year long (or even more) process of slow theoretical develop-
ment which was both temporally and spatially asynchronous, and which
resulted in a significant number of changes including the birth of new
sciences (e.g., genetics) and a transformation of worldview in science-
based societies. Several scientific paradigms in biology could co-exist
at the same time and revolutions in biology are not inevitably separated
by long periods of “normal science” [Ibid.]. The evolution of science fol-
lows the same pattern as biological evolution, whereby new concepts will
undergo a kind of scientific “natural selection”. In this process of selec-
tion, a new conceptual structure in its entirety is much more important
in biology than solitary new empirical discoveries; new discoveries alone
will barely affect an existing paradigm as strongly as will a new integral
concept [Ibid., p. 374].
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Why We Support Mayr’s Arguments

Viewed from the 21st century, Mayr’s arguments look even stronger than
they did in his time. The major addition to the history of Darwinism is
the notion of the “non-Darwinian revolution”, coined by Peter Bowler to
describe post-1859 developments in the 19th century and further elabo-
rated by other historians [Bowler, 1983; 1988; 2005; Kolchinsky, 2002;
Delisle, 2017; Levit et al., 2008; Levit & Hossfeld, 2011; Meulendijks,
2021]. Bowler’s claim that “Darwin’s basic theory does not express a cen-
tral theme of 19th century thought” [Bowler, 1988, p. 21] and that Dar-
win’s seminal publication led to the flourishing of general evolutionism,
but not of the theory of natural selection is now commonplace. The very
notion of the “non-Darwinian revolution” became obsolete in the current
historiography as “the intellectual space seems quite limited, if non-exis-
tent, between, on the one hand, ‘Darwinians’ who would deny the central-
ity of natural selection in evolutionary explanations and, on the other,
‘non-Darwinians’ who use it in company with a number of other evo-
lutionary mechanisms” [Delisle, 2021]. We have suggested employing
the term “alternative theories of evolution” (ATE) to describe scientific al-
ternatives to strict selectionism [Levit et al., 2008; Levit & Hossfeld,
2011]. The controversies over Darwinism after the publication of the Ori-
gin of Species in 1859 nourished the self-confidence of alternative theories
of evolution. Therefore, the first third of the twentieth century became
the heyday of ATE, which were flourishing at the same time in various
countries, achieving clarity and conceptual maturity [Levit et al., 2008].
The Swedish historian of biology Erik Nordenskiold noted in this connec-
tion: “The history of biology might really close with the establishing
of the dissolution of Darwinism” [Nordenskiold, 1928, p. 574].

The problem is, however, that the meaning of the term “Darwinism”
differed in different times.

The difficulty with defining Darwinism in its historical context lies
in the fact that the theory of natural selection achieved its logical consis-
tency and conceptual maturity decades after Darwin’s death [Levit &
Hossfeld, 2011 et sec.]. The situation with Darwinism differs in this re-
spect from theories paradigmatic for Kuhn such as those in physics,
where a quotation, for example, from Einstein’s relativity theory would
provide an immediate and strong argument in favour of “Einsteinianism”.
Contemporary (post-Synthetic) Darwinism possesses a prerogative of ret-
rospective classification of concepts as “Darwinian” or “non-Darwinian”,
irrespective of Darwin’s own views. The almost-perfect logical consis-
tency of this complex theoretical system, achieved by generations of ex-
perimental biologists and theoreticians during the second half of the twen-
tieth century, legitimizes this prerogative. Below we offer a general
overview of the major historical forms of Darwinism.
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Classical Darwinism. This is Darwin’s own theory, which advanced
the idea of organic evolution and common descent, and introduced
the principle of natural selection within a broad theoretical context. This
context encompassed a multiplicity of evolutionary mechanisms, includ-
ing the inheritance of acquired characters, direct environmental influ-
ence on organisms’ heredity, sexual selection, and some mutationism
(Darwin’s famous “sports”) [Darwin, 1872]. Neo-Lamarckism belongs
to the realm of non-Darwinian theories from the contemporary perspec-
tive, but Ernst Mayr saw no conflict between various evolutionary mech-
anisms within Darwin’s own theoretical system: “For Darwin inheritance
of acquired characters and a direct effect of the environment were com-
patible with natural selection” [Mayr, 1997c]. Positions in favor of or
against the pluralism of evolutionary mechanisms in Darwin’s heritage
determined the subsequent split of classical Darwinism into two major
rival selectionist movements, namely old- and neo- Darwinism [Levit &
Hossfeld, 2011].

Neo-Darwinism and Old-Darwinism. At the end of the nineteenth
century the Canadian-born English psychologist George John Romanes
recognized the crucial importance of the question of “whether natural se-
lection has been the sole, or but the main cause of organic evolution”
[Romanes, 1895, p. 1]. Discussing this issue, Romanes opposed Darwin,
who admitted that natural selection had been assisted by subordinate prin-
ciples, and sided with Alfred Russel Wallace and August Weismann, who
maintained that natural selection should be regarded as the only cause of
evolution. The term neo-Darwinism was coined to denote pure selection-
ism without neo-Lamarckian elements and without the theory of sexual
selection. The original Darwinian line of thinking, which preserved
the priority of natural selection but still combined Lamarckian and selec-
tionist factors, was continued by the “old-Darwinian” school, represented
primarily by the “German Darwin” Ernst Haeckel and his successor at
Jena University, Ludwig Plate.

The synthetic theory of evolution (STE) or the Modern Synthesis
originated in the early 1930s, after a period characterized by the domi-
nance of alternative theories of evolution, which we address below [Levit
& Hossfeld, 2011]. According to Ernst Mayr, the Synthesis was com-
pleted in 1947 and a period of so-called “postsynthesis” then began [Mayr,
1999]. The STE proposed a logically coherent and empirically well-sub-
stantiated theoretical system that incorporated several branches of biol-
ogy such as classical genetics, population genetics, molecular genetics,
systematics, evolutionary morphology, developmental biology, paleontol-
ogy, etc. Within the STE, non-selectionist factors of evolution, especially
isolation, chance events, and population size are emphasized. Natural selec-
tion is regarded as the only force directing major evolutionary change
though, it is the sole driver of adaptations; this key difference distinguishes it
from classical Darwinism.
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The “extended” or “expanded Synthesis” or “integrated synthesis”.
Today we are living at the times of “expansion” or “extension” of the STE,
incorporating new evolutionary mechanisms into the theoretical frame-
work of the Modern Synthesis [Noble, 2015; Fabregas-Tejeda & Vergara-
Silva, 2018]. The extension goes in two dimensions: Both new scientific
disciplines such as molecular biology and evolutionary psychology ap-
pear, and evolutionary mechanisms forbidden by the STE experience
a comeback, although completely revised. Thus, the “Lamarckian per-
spective has re-emerged in the context of the study of epigenetics, that is,
developmental processes that are promoted indirectly by a series of
events that are not directly dictated by gene products” [Kutschera &
Niklas, 2004]. As the extended version of the synthesis embraces many
new evolutionary mechanisms such as niche construction, epigenetics,
evolutionary plasticity, genomic evolution, etc. [Noble, 2015], one can
talk about a new kind of Darwinism, much more embracing then the STE
and therefore not reducible to any earlier forms of Darwinism.

Expanded
Synthesis
(2000s)

Synthetic Theory
------------------- of Evolution
(ca. 1940s)

1859-
1930s

< >

Space of logical possibilities

Fig. 2: Hourglass model

Crucial for our current thesis is also the period between the first
and the second Darwinian revolutions. The first third of the twentieth
century became the heyday of ATE as they flourished simultaneously
in various countries and achieved clarity and conceptual maturity rela-
tively quickly [Levit et al., 2008]. At the beginning of the twentieth cen-
tury, natural selection remained just one of the many equally plausible
hypotheses of how evolution proceeds. Together with strict (neo-Dar-
winian) selectionism, the diversity of ATE filled out the entire ‘space
of logical possibilities’ available for explaining phylogenetic history.
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The term “space of logical possibilities” was introduced into discus-
sions in the life sciences by microbiologist Georgii Zavarzin (1979)
to designate the range of functional niches actually or potentially avail -
able to microorganisms. Certain combinations of functional characteris-
tics are forbidden for microbial communities, whilst certain others are
expectable within a given conceptual framework. Actual bacterial com-
munities, for example, may or may not occupy the entire ‘space of logi-
cal possibilities’ reconstructed for a given environment. Here, we apply
the same notion, replacing ‘microorganisms’ with ‘mechanisms of evo-
lution’ [Levit & Hossfeld, 2011; 2021]. By using the idea of ‘the space
of logical possibilities’, we imply for a moment that the ATE can be
described as solitary theoretical entities, i.e., as ‘ideal types’.
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(natural selection)
Wallace, A.R.; Weismann, A.

|
i | Saltationism
"Neo-Lamarckism" i SRR
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"Neo-Platonism"

Fig. 3: The Space of Logical Possibilities

There is no space for more detailed reconstruction of the theoretical
history of evolutionary biology here, but our main point in introducing
the notion of the space of logical possibilities is that all possible combi-
nations of all possible concepts of evolutionary change can be found
in the historical record. In other words, all thinkable theories were sug-
gested and discussed.

The picture we have outlined strengthens Mayr’s anti-Kuhnian the-
sis as it shows that the gap between the first and the second Darwinian
revolutions was even greater than he thought, as Mayr wrote a history
of the Darwinian movement viewed through the eyes of one of its cru-
cial figures (himself). The period between the two Darwinian revolu-
tions was in no way a period of “normal science”; it was instead a time
in which many different research programs appeared and sparred for
superiority. One of these programs was selectionism, which survived
by merging with genetics. At that time, genetics was known as muta-
tionism, i.e., a non-Darwinian movement called “genetic anti-Darwinism”
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[Kolchinsky, 2015, p. 93]. Selectionism persisted in the form of neo-
Darwinism and was in no way compatible with what we understand to-
day by the “theory of natural selection”. In other words, selectionism
and genetics not only hybridized, but were crucially modified in this
process of theoretical hybridization. The story following the modern
synthesis does not look Kuhnian either. Concepts considered extinct re-
entered the theoretical landscape but in a strongly modified form, along
with completely new conceptual instruments (e.g., molecular biology)
which formed the cluster of methods and ideas known today as the ex-
tended synthesis.

Conclusions

Ernst Mayr was one of the most crucial figures in the history of Dar-
winian biology, and was at the same time an outstanding historian and
philosopher of science. Mayr maintained that science in general, and
biology in particular, is a rational enterprise advancing to a more precise
picture of the world. Mayr thus saw Kuhn’s concept of scientific revolu-
tions as a threat to the Darwinian worldview he co-established, and he
developed a critique demonstrating the inapplicability of the Kuhnian
process of theory change in biology. Mayr demonstrated that several
“paradigms” can co-exist in biology for a long period of time and there
is no necessary “incommensurability” between these paradigms nor any
obligatory theoretical leaps. The very idea of sudden drastic changes
comes from the kind of essentialist-saltationist thinking which is banned
from Darwinian biology. There are events in the history of biology
which can be described as revolutions, for example, the first and the sec-
ond Darwinian revolutions, but they are not separated by any “normal
science”. In addition, new empirical discoveries alone would be unable
to corrupt an existing paradigm in biology; the real challenge comes only
from new conceptual structures.

Post-Mayrian research in the history of non-Darwinian biology, in-
cluding our own research, only strengthens Mayr’s critique of Kuhn.
The “Darwinization” of various biological disciplines proceeded asyn-
chronously and there was no single dramatic paradigm shift. The period
between the two Darwinian revolutions can in no way be labeled as “nor-
mal science” and a series of minor revolutions in special biological disci-
plines can be detected before and after the Modern Synthesis. Research
programs which appeared between two revolutions filled out the “space
of logical possibilities” and selectionism was only one many competing
concepts. Evolutionary biology advanced by means of gradual conceptual
evolution and the selection of theories, and in this respect is congruent
with its very subject: organic evolution.
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Figure legends

Fig. 1: One of the authors (U.H.) discusses with Ernst Mayr the his-
tory of evolutionary biology in Woods Hole (MA, USA) in 1999.

Fig. 2: The history of evolutionary biology can be schematically pre-
sented as an ‘hourglass’ with an extremely broad range of possible expla-
nations at the beginning, significant narrowing at the time of the second
Darwinian revolution and the ‘extending’ of the evolutionary theory
nowadays [Levit & Hossfeld, 2011].

Fig. 3: The first half of the twentieth century was the heyday of ATE.
In the absence of detailed descriptions of evolutionary events, biologists
suggested all thinkable evolutionary mechanisms and their combinations,
which we schematically outline above (names of scientific schools are
given in quotation marks, whilst single evolutionary mechanisms are
given in italics). The appearance of the STE at first excluded a number
of logically acceptable mechanisms and narrowed the ‘space of logical
possibilities’. The scheme distinguishes between scientific anti-Darwin-
ism and contra-Darwinian theories that violate the very fundamentals
of scientific evolutionism in that they exclude continual causality in their
mechanisms of evolution. Non-Darwinian theories propose additional
evolutionary mechanisms (such as theories dealing with higher systemic
levels: Zavarzin, 2000), which, in principle, operate parallel to the Dar-
winian machinery, but under certain circumstances can come into conflict
with rigid selectionism [Ibid.]. Theories are presented here as abstract
units disregarding their historical dynamics. For example, endosymbiosis
theory is currently regarded as fully compatible with today’s inclusive
Darwinian evolutionism, although it contradicts the logic of strict Dar-
winian gradualism.
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