
Theory Biosci. (2000) 119: 41±91
Ó Urban & Fischer Verlag
http://www.urbanfischer.de/journals/theorybiosc

The synthetic theory of evolution: general problems
and the German contribution to the synthesis

Wolf-Ernst Reif1, Thomas Junker2, Uwe Hoûfeld3

1Institut und Museum fuÈ r Geologie und PalaÈontologie, Eberhard-Karls-UniversitaÈt
TuÈ bingen, Sigwartstraûe 10, D-72074 TuÈ bingen
2Lehrstuhl fuÈ r Ethik in den Biowissenschaften, Eberhard-Karls-UniversitaÈt TuÈ bingen,
D-72074 TuÈ bingen
3Institut fuÈ r Geschichte der Medizin, Naturwissenschaft und Technik, Ernst-Haeckel-
Haus, Friedrich-Schiller-UniversitaÈt Jena, D-07745 Jena

Address for correspondence: Prof. Dr. Wolf-Ernst Reif, Institut und Museum fuÈ r Geo-
logie und PalaÈontologie, Sigwartstraûe 10, (priv.: Eschenweg 1), D-72076 TuÈ bingen,
Tel.: 0 70 71/2 97 24 91, priv.: 0 70 71/6 53 16, e-mail: wolf-ernst.reif@uni-tuebingen.de,
e-mail priv.: wolf-ernst.reif@t-online.de

Received: November 4, 1999; accepted: January 10, 2000

Key words: history of biology, philosophy of science, macroevolution, natural selec-
tion, scientific revolution.

Summary: A metatheoretical and historiographical re-analysis of the Evolutionary
Synthesis (the process) and the Synthetic Theory (the result) leads to the following
conclusion: The Synthetic Theory is not a reductionistic, but rather a structuralistic
theory with a limited range of relevant hierarchical levels. Historically the Synthesis
was not a sudden event but a rational long-term project carried out between 1930 and
1950 by a large number of biologists in several countries. In the second part of our pa-
per the contributions of several German biologists to the Synthesis are analyzed.

I. Introduction

One of the most deplorable gaps in our knowledge of the history of the
Synthetic Theory is its international character. Since the early years of the
Synthetic Theory different versions with regards to its social, national and
disciplinary range have been advanced. In pluralistic (soft) interpretations
the international character of the Synthesis is stressed, various biological
disciplines are included and a rather comprehensive list of architects of the
Synthesis is given. Although this broad outlook never completely van-
ished, in the 1980 s and 1990 s hard versions became increasingly domi-
nant. In these narrow interpretations only few British and American biolo-
gists are mentioned as architects. The history of the Synthesis is written



without reference to international (especially Russian and German) contri-
butions. The American and British `architects' of the Synthesis have been
treated quite extensively in the literature, and there exist some (but defi-
nitely not enough) papers on the Russian accomplishments (Adams 1967,
1970, 1980 a, b, 1994; Dobzhansky 1980; Zavadskij 1974; Zavadskij & Kol-
chinsky 1977; Mikulinsky & Kolchinsky 1983; Gall 1997, 2000; Kolchins-
ky 1994, 1997, 1999, 2000 a, 2000 b; Popov 1998). Especially the German
contributions are unknown or controversial, because they have not been
carefully analyzed in Mayr & Provine (1980/1998) and are totally ne-
glected by most historiographers of the Synthesis since then (see e. g.
Beatty 1986; Cain 1992, 1993, 1994; Smocovitis 1992, 1996; Ruse 1996).
The now mostly accepted understanding of the development of the Syn-
thetic Theory is based on the results of The Evolutionary Synthesis by
Mayr and Provine (1980/1998). According to this understanding the Syn-
thetic Theory is based on six books: Genetics and the Origin of Species
(1937) by the American (Russian born) population biologist Theodosius
Dobzhansky; Evolution: The Modern Synthesis (1942) by the British de-
velopmental biologist Julian Huxley; Systematics and the Origin of Species
(1942) by the American (German born) (bird-)systematist Ernst Mayr;
Tempo and Mode in Evolution (1944) by the American (mammal-)paleon-
tologist George Gaylord Simpson; Neuere Probleme der Abstammungs-
lehre. Die transspezifische Evolution (1947) by the German zoologist
Bernhard Rensch; and Variation and Evolution in Plants (1950) by the
American botanist G. Ledyard Stebbins. Our paper will demonstrate that
this historical view is too narrow and misleading. In addition we will
show that current discussions of the Synthesis (the process that led to the
Synthetic Theory) and of its result (namely the Synthetic Theory) are pla-
gued by important historiographic and philosophical uncertainties which
are partly due to the fact that the history of the Synthesis in the various
countries (U. K., USA, Germany, USSR, France) was never carefully ana-
lyzed and that its historiography was strongly influenced by some of the
architects of the Synthesis (who disagreed among each other). Biologists
and philosophers face numerous metatheoretical problems with the Syn-
thetic Theory: How can if be defined? What is its logical status? How can
it be distinguished from its historical precursors? How can it be distin-
guished from competing theories? Can it be refuted, expanded or refined?
etc.
In Chapter II, we delineate three major historical stages of Darwin's theo-
ry of evolution. Chapter III is an account of the historiography of the
Synthesis and its problems. In Chapters IV to VI criteria for the Synthesis
are suggested, its structure is analyzed and a temporal distinction intro-
duced. Chapters VII and VIII deal with significant contributions to the
Synthesis by German biologists and their lack of international and local in-
fluence after World War II.
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II. Darwinism, Neo-Darwinism, Synthetic Theory, and Evolu-
tionary Synthesis

Both, some defenders and some critics of the current version of the Darwi-
nian evolutionary theory call it neo-Darwinism (e. g. Rensch 1980, p. 284;
Gould 1980 b, p. 119; Charlesworth et al. 1982; Hecht & Hoffmann 1986;
Smocovitis 1996, p. XII). This is either a sloppiness in terminology or an
implicit rejection of the Synthetic Theory as a new step in the develop-
ment of the Darwinian theory. Both cases necessarily lead to confusion.
As early as 1949 G. G. Simpson has criticized that the term `neo-Darwi-
nian theory' for the Synthetic Theory is confusing and a misnomer (Simp-
son 1949 b, p. 277 n.; see also Caplan 1978; Grant 1983, p. 150; Junker
1999).
Most biologists and historians of biology agree that Darwin developed
theories concerning two different aspects of organic evolution: Descent
(i. e. the evolutionary and phylogenetic process as such) and evolutionary
mechanisms (i. e. the mechanisms of evolutionary change and of organic
diversity). Ernst Mayr distinguishes five different Darwinian theories:
(1) Evolution as such, (2) evolution by common descent, (3) gradualness of
evolution, (4) natural selection and (5) populational speciation (1982,
p. 505 ff.). We will not use his classification in this paper, despite its merits.
The theory of descent was accepted by most biologists during Darwin's
life-time or soon thereafter. On the other hand the theories of selection,
speciation and gradualism (`theory of evolution', for the sake of brevity)
have been controversial ever since Darwin (Bowler 1983, 1984, 1988; Reif
1983, 1986; Junker 1989, 1995, 1998 a).
Most biologists and historians of biology agree that at least three major
historical stages in the development of the theory of evolution can be dis-
tinguished:
a) Darwinism: This is Darwin's theory, which emphasized the power of se-
lection and accepted both hard and soft (ªLamarckianº) inheritance.
b) Neo-Darwinism: This term was coined by George John Romanes to de-
note the ªthe pure theory of natural selection to the exclusion of any sup-
plementary theoryº (Romanes 1895, p. 12), presented by Alfred Russel
Wallace and especially August Weismann. Weismann (1885) had refuted
both Lamarckism and pangenesis and emphasized the selection and perpe-
tuation of favorable characters.
c) The Synthetic Theory of Evolution originated in the early 1930s, or ac-
cording to many authors from 1937 to 1950. The historical processes that
led to the Synthetic Theory and its exact content will be discussed below.
It is sufficient to say here that Weismann's neo-Darwinism and the Syn-
thetic Theory cannot be equated. In contrast to neo-Darwinism the Syn-
thetic Theory includes modern genetics, population genetics, systematics
and theories of speciation and macroevolution (based on paleontology,
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comparative morphology and developmental biology). In addition, within
the Synthesis non-selectionist factors of evolution, especially isolation,
chance events, and population size are emphasized. Selection is regarded as
important, but only as one of several evolutionary factors (Gayon 1998,
p. 319±354; for an alternative chronology of the history of Darwinism see
Mayr 1998).
`Evolutionary Synthesis' is defined here as the process during which the
Synthetic Theory of Evolution was developed. `Synthesis' is a word that
involves process-product ambiguity. Hence we distinguish between:
(1) Evolutionary Synthesis (the process) and (2) Synthetic Theory (the pro-
duct) (see Shapere 1980, p. 395; Junker 1999).

III. Historiography of the Synthesis

The term `Modern' or `Evolutionary Synthesis' is derived from the title of
Huxley's book Evolution: The Modern Synthesis (1942). The term `Syn-
thetic Theory' was first used by Simpson (1949 a, p. 277). The first authors
who wrote about the `Synthesis' were several American biologists (mainly
Mayr and Simpson) who regarded themselves as major architects of this
Synthesis. They propagated several ideas: (1) The Synthetic Theory is a
completely new paradigm of the theory of evolution. (2) The Synthesis
was a unique process in the history of biology. (3) The Synthesis was
made possible by a reconciliation of theoretical (mathematical), experimen-
tal and naturalistic (= field observations) methods of biology (see Simpson
1949 b, p. 277 n.; Mayr 1954, p. 57; Mayr 1959, pp. 4±5; Mayr 1963, p. 1;
Simpson 1978, p. 114; Simpson in Mayr & Provine 1980, p. 456±7; Mayr
1984; and below).
The historiographical accounts advanced by the architects of the Synthesis
lead to several problems: The architects did not agree among themselves
about the character and the importance of their respective contributions to
the Synthesis (see Mayr 1980 c; Junker 1996 a; Smocovitis 1996, p. 31 for
quotations from the correspondence between Simpson and Mayr). Philoso-
phers had problems to understand the theoretical and metatheoretical as-
pects of the Synthetic Theory: What was the content of the Synthetic The-
ory? What kind of a theory is the Synthetic Theory? (see Shapere 1980).
Historians of biology did not understand what kind of a historical process
was meant by the Synthesis: Was it a scientific revolution, an elimination
of unfruitful research programs or of contradictory theories etc.? Smoco-
vitis calls the Synthesis ªone of the most central and enigmatic episodes
[. . .], one of the most vexing problems [. . .], one of the most central and
notorious problems [. . .] in the history of biologyº which caused ªconfu-
sion as soon as attempts were made to assess its statusº (1996, pp. XI, XII,
19, 22, 42±43). For Burian the Synthesis is a ªmoving targetº (1988, p. 250)
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and the discussion by Orzack and Gould (1981) gives an example of how
difficult it is discuss theoretical aspects within the framework of the his-
toriography of the Synthesis. Some of the historical and philosophical
problems seem to have arisen simply by the predominance of hard inter-
pretations of the Synthesis!
So far no systematic and theory- and philosophy-oriented historiography
of the Evolutionary Synthesis has been presented. The book by Mayr &
Provine (1980/1998) consists only partly of professional analyses of devel-
opments in certain disciplines and certain countries. Other contributions
are (undoubtedly valuable) recollections of biologists who had worked dur-
ing the years of the Synthesis. Smocovitis (1996) provides interesting details
about the discussion of the historiography of the Synthesis but no systema-
tic historical or philosophical analysis. In our account we will focus on im-
portant historiographical aspects of with respect to philosophical problems
and with respect to what we call the ªhardening of the historiography of
the Synthesisº, i. e. the neglect of the German and Russian contributions to
the Synthesis in widespread historiographical interpretations.

Jepsen, Mayr and Simpson 1949

The first symposium that discussed the new results was Genetics, Paleon-
tology, and Evolution, an international conference organized in January
1947 by the ªCommittee on Common Problems of Genetics, Paleontol-
ogy, and Systematicsº of the National Research Council and edited 1949
by Jepsen, Mayr, and Simpson. Only American biologists and paleontolo-
gists were members of the committee. Commentators of this conference
later expressed their surprise that the strong discrepancies between experi-
mental and field biology, between genetics, systematics and paleontology
etc. that had dominated discussions before the war had almost completely
vanished (Mayr 1980 a, p. 42). In the foreword Jepsen, vertebrate paleon-
tologist and senior editor, stated that the publication signified the formal
completion of the work of the committee which had been established in
1943. Its purpose had been to ªbring about a meeting of minds in the terri-
tory between the fields of genetics and paleontologyº (p. v). Jepsen empha-
sizes that the book is ªnot a single synthesis of its three titular subjectsº
(p. viii); rather every author presented his ideas in the light of ªpenetrat-
ing, and sometimes embarrassing questions and commentsº (p. viii) of
practitioners of other fields.
To summarize: The editors did not use the term `Synthetic Theory' and,
most notably, did not regard the Synthesis as completed. The clearly stated
purpose was (exactly as in the books by Zimmermann 1930, 1938; Haase-
Bessell 1941 a, b; Heberer 1943 a; see below) a reconciliation of systema-
tics, comparative morphology and comparative embryology and paleontol-
ogy on the one hand and genetics on the other hand.
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Dobzhansky 1949

Dobzhansky's foreword to the English translation of Schmalhausen's Fac-
tors of Evolution (1949/1986) is a very important document of the early re-
ception of the Synthetic Theory. Dobzhansky speaks of an ªupsurge of ac-
tivity in evolutionary biology unprecedented since the time immediately
following the publication of Darwin's `Origin of Species'º which was
caused ªby convergence and unification of the contributions to evolution-
ary thought coming from various biologic disciplines. [. . .] Genetics, sys-
tematics, comparative morphology and embryology, paleontology, and
ecology have all been profoundly influenced by and have made important
contributions to evolutionary thought. [. . .] A trend toward unification
and synthesis [of the different disciplines] has set inº (p. xv). Dobzhansky
lists several ªsynthetic treatmentsº: Dobzhansky (1937), Mayr (1942),
Simpson (1944), Huxley (1942) and Rensch (1947) and comes to the con-
clusion: ªThe view of evolution which emerges from all these several treat-
ments is very largely the same. We have arrived at a biologic synthesis.
The book of I. I. Schmalhausen advances the synthetic treatment of evolu-
tionº (p. xv).
It is important to note that Dobzhansky did not speak of a completed
Synthetic Theory of Evolution. Rather the ªbiologic synthesisº had over-
come the unfamiliarity and mutual isolation of many different biological
disciplines. The ªbiologic synthesisº is not so much a theory than the basis
of new fruitful research. Dobzhansky mentions Mayr, Simpson, Huxley,
Rensch and himself not as authors of a new paradigm (to the exclusion of
other biologists) but only as authors of ªsynthetic treatmentsº, i. e. book-
authors who started from their own field and incorporated results of adja-
cent fields aiming at a reconciliation of an evolutionary perspective of dif-
ferent evolutionary disciplines.

Simpson 1949

To our knowledge Simpson was the first author who regarded the Synth-
esis as completed, who used the term ªSynthetic Theoryº, and who sum-
marized the outcome of the historical process (1949; see Laporte 1983,
1990, 1991, 1994; Junker 1999, in print b). For the present discussion two
aspects are important: Simpson perceives the Synthetic Theory as an inter-
national movement comprising biologists from six countries and of various
biological disciplines:

ªThe synthetic theory has no Darwin, being in its nature the work of
many different hands. To mention any of these is to be culpable of im-
portant omissions, but if only to indicate the breadth of the synthesis it
may be noted that among the many contributors have been: in England,
Fisher, Haldane, Huxley, Darlington, Waddington, and Ford; in the
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United States, Wright, Muller, Dobzhansky, Mayr, Dice, and Stebbins;
in Germany, TimofeÂeff-Ressovsky and Rensch; in the Soviet Union,
Chetverykov and Dubinin; in France, Teissier; in Italy, Buzzati-Tra-
versoº (Simpson 1949, p. 277±278).

Simpson did not define the term `Synthetic Theory'. It is remarkable that
Simpson mentioned his own name only in a footnote and that he did not
distinguish between the historical phases of preparation and formation of
the Synthetic Theory (see chapter VI). In this respect his concept differed
from Mayr's and it did not prevent the interpretation that the development
of theoretical population genetics (around 1930 by Fisher, Haldane, and
Wright) was the real synthesis (e. g. Wright 1960, 1967; Beatty 1986). In
contrast to Jepsen Simpson regarded the Synthetic Theory as a ªunified
theoryº ªwhich is capable of facing all the classic problems of the history
of life and of providing a causalistic solution of eachº (1949, p. 278, our
emphasis). This first account of the origins of the ªSynthetic Theoryº as a
historical entity is clearly pluralistic with regards to the architects and
their national origin.

Dobzhansky 1951 and 1955

In two reviews with some historical comments (1951, 1955), Dobzhansky
did not use the term ªSynthetic Theoryº but emphasized the historical im-
portance of mathematical population genetics for experimental and histori-
cal population genetics. In other word he saw a continuum of the research
programs that had started no later than S. S. Chetverikov (1926; see
Dobzhansky 1959) and that had led to the success of evolutionary biology
after World War II. This coincides completely with the view of
N. W. TimofeÂeff-Ressovsky (see below, chapter VII).

Haldane 1953

In the same years J. B. S. Haldane already envisioned a new synthesis,
which would lead to a new theory of evolution. As representatives of the
ªcurrently accepted synthesisº he mentions five biologists: ªThe current
instar of the evolution theory may be defined by such books as those of
Huxley, Simpson, Dobzhansky, Mayr and Stebbinsº (1953, p. XVIII±
XIX).

Mayr 1959

In 1959 Mayr emphasized that the Synthesis was a paradigm shift from ty-
pological thinking to populational thinking and that ± in contrast to the
view held by geneticists ± the naturalists had played a major role in the
paradigm shift. Mayr talked about the Synthetic Theory as something
completed; he did not reconstruct its history, but rather explicated ªsome
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of the concepts which together form the synthetic theoryº (1959, p. 3).
The concepts are: Mutation, population, natural selection, genetic drift,
isolating mechanisms, geographic variation, gene and chromosome, spe-
cies, higher categories. The theoretical status of the concepts and the struc-
ture of the Synthetic Theory are not discussed.

Eldredge & Gould 1972

In their well-known paper ªPunctuated Equilibria: An Alternative to Phy-
letic Gradualismº (1972) Eldredge and Gould write that ªthe modern
synthesis received its name because it gathered under one theory ± with
population genetics at its core ± the events in many subfields that had pre-
viously been explained by special theories unique to that disciplineº (El-
dredge & Gould 1972, p. 108). As architects they mention Simpson, Dob-
zhansky, Mayr, de Beer, White, and Stebbins.

Mayr & Provine 1980

The Evolutionary Synthesis by Mayr & Provine (1980/1998) has become
the central text for the discussion of the Synthesis. It is based on two con-
ferences organized by Mayr in May and October 1974. (In contrast to the
impression given in the book, Provine was not involved in the preparation
of the conferences; pers. comm. by Ernst Mayr.) It highlights (1) the dif-
ferences of opinion between Mayr and Provine, (2) the fact that many par-
ticipants indicated that their own contribution had been unappreciated, (3)
that some important authors did not want to participate, because their
work was not represented correctly (e. g. Simpson and Stebbins; see Smo-
covitis 1996 for quotations from the unpublished correspondence between
Simpson and Mayr), and (4) some authors were not invited (e. g. Wright).
In the preface Mayr and Provine state that the Synthetic Theory was
synthesized as a ªseemingly [sic] new theory of evolutionº between 1936
and 1947 and that the evolutionary synthesis was different in different
countries (Mayr & Provine 1980, p. xv, xvi). Both statements are not ex-
plained by the authors!
The long-lasting effect of the book ± clearly aimed at by Mayr in his long
introductory chapter ± was to canonize the list-of-six-books (Dobzhansky
1937; Huxley 1942; Mayr 1942; Simpson 1944; Rensch 1947; Stebbins
1950) as the decisive basis of the Synthetic Theory and the view that the
Synthesis was a most significant and rapid shift, which, however, did not
involve a victory of one paradigm over another as in Kuhn's theory of
scientific revolutions but rather an exchange of the most viable compo-
nents of the previously competing research traditions of experimentalists
and naturalists: ªThe evolutionary synthesis was a fusion of the widely dif-
ferent traditionsº (Mayr 1980 a, p. 40). It was not ªanother revolution but
simply the final implementation of the Darwinian revolutionº (Mayr
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1980 a, p. 43; this view was strongly contradicted by Simpson; in Mayr
1980 c, p. 458).
Except for the statement of fusion and the mentioning of Laudan's (1977)
models of ªresearch traditionsº. Mayr did not use any philosophical mod-
els (e. g. Popper's ªrefutation of theoriesº or Lakatos' ªresearch pro-
gramsº) to explain what type of event the Synthesis was. In contrast to
Dobzhansky (see above) and TimofeÂeff-Ressovsky (see below) Mayr did
not recognize a long-lasting research program towards a harmonized mod-
el of micro- and macroevolution that had spanned the 1930 s and 1940 s.
Rather he seemed to have had a rather sudden Gestalt-switch in mind
which in the late 1930 s made the building of bridges between widely dif-
ferent research traditions possible: ªThe bridge builders [Dobzhansky etc.]
were the real architects of the synthesisº (Mayr 1980a, p. 40).
Mayr's various historical reviews (1959, 1973, 1980 a, b, c, 1982, 1988,
1992, 1993, 1996, 1998, 1999 a, b, see also below) of the events that lead to
the Synthesis are not quite consistent because he did not distinguish be-
tween theoretical concepts of the authors and their practical research. In
some contexts he worked only with publications that had a strong impact,
in other contexts he mentioned publications that had no impact at all. Ad-
ditionally it seems not sufficient to talk only about a fusion of research
traditions as there were real losers and winners in all countries involved.
(Among the losers were mutationist and Lamarckian geneticists, orthoge-
netic paleontologists, typological comparative morphologists and systema-
tists etc.) Mayr did not mention TimofeÂeff-Ressovsky, Zimmermann, He-
berer, Melchers, Reinig and Schmalhausen (see below).
Mayr's and Simpson's views of the Synthesis were almost exclusively influ-
enced by their own experiences. They, especially Mayr, did not regard it as
a long term project starting in the early 1930 s, but rather as a Gestalt-
swith which was primarily caused by Dobzhansky 1937 (their ± Simpson,
Mayr's ± own personal Gestalt-switches in the late 1930 s!). Mayr empha-
sized the (allopatric) speciation model as an indispensable part of the Syn-
thetic Theory. Simpson, on the other hand, saw Mayr's species concept as
counter-evolutionary and unproductive and emphasized his own evolu-
tionary species concept as an essential part of the Synthetic Theory.

Shapere 1980

The philosopher Dudley Shapere summarized the discussion from his
point of view: ªPossibly the problems we face in defining the evolutionary
synthesis result from an oversimplified way of looking at scientific innova-
tionº (Shapere 1980, p. 388). Shapere pointed out numerous metatheoreti-
cal problems (what type of theory is the Synthetic Theory, what is its
structure, how does in function, how do the various disciplines participate
etc.?) and metahistorical problems (what type of process was the Syn-
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thesis, was it a scientific revolution, how were the various disciplines influ-
enced by the Synthesis etc.?). Shapere saw three essential components of
the Evolutionary Synthesis: (1) The reconciliation of Darwinian evolution-
ary theory and Mendelian genetics (this, however, is an accomplishment
that we count as preparation of the Synthetic Theory ± see below). (2) The
introduction of new modes of thinking, e. g. populational thinking (attrib-
uted by Shapere to Dobzhansky 1937; the question is whether Dobzhans-
ky only propagated these new modes of thinking that were already famil-
iar in the respective scientific communities!). (3) The demonstration that
the data of various other fields (paleontology, zoology etc.) were compati-
ble with (1) and (2) (Shapere 1980, p. 398).

Provine 1980

In his epilogue to The Evolutionary Synthesis Provine also did not distin-
guish between preparation and formation of the Synthesis (see below) but
listed 15 books (by Fisher, Wright, Ford, Haldane, Dobzhansky, Darling-
ton, Huxley Mayr, Simpson, White, Rensch, Jepsen, Stebbins, Hardy, and
Ford) from the years 1930 to 1954 as the major works of the Synthesis.
Provine agreed neither with the more traditional view (expressed in some
books on the history of genetics) that the formation of population genetics
(around 1930) was the Synthesis nor with Mayr's view of a rapid bridge
building but concluded: ªThe evolutionary synthesis was a very complex
process; its historical development cannot be encompassed accurately by
any single thesis. The synthesis occurred on many levels. [. . .] [It] was
more than a simple application of new concepts in genetics to other facets
of evolutionary biology, as earlier accounts have suggestedº (Provine 1980,
p. 405).

The development in Germany

The development in Germany is discussed in three short articles in The
Evolutionary Synthesis. Mayr, Rensch and Viktor Hamburger concentrated
mainly on the skepticism against selectionism in Germany. Mayr briefly
mentioned TimofeÂeff-Ressovsky (as a person but not his work) and Ger-
hard Heberer's Die Evolution der Organismen, simply stating that no
author of the book defended Lamarckian ideas and that all accepted a
more or less selectionist interpretation. Mayr did not study the German
literature in detail to find out how German biologists participated in the
Synthesis. Rensch mentioned TimofeÂeff-Ressovsky, Zimmermann, He-
berer, Fritz von Wettstein, Victor Franz and himself as authors who ac-
cepted a fully selectionistic view and who were willing to extrapolate from
microevolution to macroevolution. All three articles were mainly written
from memory. A careful analysis of German research traditions can not be
found in them. In spite of these shortcomings it has to be emphasized that
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the international character of the Synthesis was recognized in Mayr &
Provine (1980). This, however, had not much effect, as some of the follow-
ing quotations demonstrate.

Eldredge 1982

A extreme example of the hard historiographical version can be found in
Niles Eldredge's preface to a reprint of Mayr's Systematics and the Origin
of Species (1982). Eldredge claims that ªthree books form the nucleus of
the synthesis: Dobzhansky's (1937) Genetics and the Origin of Species,
Mayr's (1942) Systematics and the Origin of Species, and Simpson's (1944)
Tempo and Mode in Evolutionº (Eldredge 1982, p. XV). Although he ad-
mits that ªthese men and many colleagues probed and analyzed the details
in hundreds of shorter contributions published in scientific journalsº the
books mentioned above are considered as the ªthe main organizing docu-
ments of the synthesisº. They are the ªfundamental statements of the
synthesisº and this is the rational, why it is ªby no means merely idle or
simply convenient to focusº on them (Eldredge 1982, p. XV±XVI). In his
argument Eldredge mentions one very important reason for the hardening
of the historiography of the evolutionary synthesis: It is, of course, very
`convenient' to focus on few books rather than having to deal with various
scattered publications in different languages. The international character of
the Synthesis turned out to be a obstacle for a comprehensive historiogra-
phical account.

Mayr 1982

One of the few authors who frequently stressed the international character
of the evolutionary synthesis was Ernst Mayr. In The Growth of Biological
Thought he distinguished between (1) the six architects of the synthesis
(Dobzhansky, Huxley, Mayr, Simpson, Rensch and Stebbins), (2) ªnumer-
ous other evolutionists who had helped to `clear the terrain'º (i. a. Chet-
verikov and TimofeÂeff-Ressovsky in the USSR [sic], Baur, Ludwig, Strese-
mann and Zimmermann in Germany) and (3) ªtwo multiauthor volumes
have also contributed to the synthesis: Heberer's edited volume, Die Evo-
lution der Organismen (1943a) and Julian Huxley's The New Systematics
(1940)º (1982, p. 568).

Mayr 1988

Mayr's (1988) essay on the Synthesis in his Toward a New Philosophy of
Biology has several interesting aspects: (1) Mayr criticized Rensch strongly
for not representing the German Synthesis adequately in his contribution
to Mayr & Provine (1980/1998). This is especially true for E. Baur and Ti-
mofeÂeff-Ressovsky. (2) ªThe period of the synthesis was not one of great
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innovations but rather of mutual educationº (Mayr 1988, p. 525). This
gives a new twist to the discussion of the Synthesis! (3) Mayr emphasized
that many new aspects were added to the Synthetic Theory after the
Synthesis. These additions were easily accommodated by the Synthetic
Theory and they do not refute it.

Provine 1988

In 1988 Provine emphasized that it is hard to determine what exactly con-
stituted the Synthesis. It is, however, obvious for him that during the his-
torical process theoretical assumptions such as Lamarckism, saltationism/
mutationism, directed evolution, teleological causes etc. were eliminated.
Provine suggested that instead of a synthesis a ªconstrictionº had taken
place:

ªThe term `evolutionary constriction' helps us to understand that evolu-
tionists after 1930 might disagree intensely with each other about effec-
tive population size, population structure, random genetic drift, levels of
heterozygosity, mutation rates, migration rates, etc., but all could agree
that these variables were or could be important in evolution in nature,
and that purposive forces played no role at all. So the agreement was on
the set of variables, and the disagreement concerned differences in evalu-
ating relative influences of the agreed-upon variablesº (Provine 1988,
p. 61).

Smocovitis 1992

In recent years Betty Smocovitis has presented a hard version of the
Synthesis. She claimed that ªthe evolutionary synthesis was primarily an
American (to some extent, an Anglo-American) phenomenonº. Her argu-
ment in favor of this view is circumstantial: The Synthetic Theory was
strongly selectionistic and the belief in selection was ªoffering a sense of
progress, a liberal ideology, and an optimistic and coherent worldview
with humans as the agents of their own evolutionº. Since ªthe sense of
easy progress and optimism that characterized postwar American culture
was not mirrored by the war-torn continentº there was no Synthesis on
the (European) continent (1992, p. 40 n.).

Mayr 1993

In 1993 Mayr reviewed Smocovitis' (1992) paper and summarized the sta-
tus of the Synthetic Theory. He regarded the Synthesis as the final imple-
mentation of Darwin's theory. This accomplishment that spanned almost
80 years was an absolutely unique scientific revolution for him. Mayr re-
peated the list-of-six-books (Dobzhansky, Huxley, Mayr, Simpson, Rensch
and Stebbins). The Synthesis ªwas rather more than a synthesisº (Mayr
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1993, p. 31): it was a refutation of antidarwinian paradigms, a synthesis of
the thinking of three major biological disciplines (genetics, systematics and
paleontology), a synthesis between experimental and naturalist philosophy
and a synthesis between the Anglophone tradition with its emphasis on
mathematics and adaptation and the continental European tradition with
its emphasis on populations, species and higher categories.
Mayr stated that by 1950 the integration of the disciplines was not yet
fully completed and that it continued until the present and that historians,
ªperhaps even Mayr and Provine, have overemphasized the unity achieved
by the synthesisº (Mayr 1993, p. 32). Mayr elaborated neither on the con-
tent nor on the structure of the Synthetic Theory but stated that it can still
be expanded and that it could accommodate newly discovered principles
as long as they do not disagree with the basic Darwinian structure of the
Synthetic Theory.

Mayr 1996

Mayr's Capstone Address, presented at the 75th Annual Meeting of the Ameri-
can Society of Mammalogists (Mayr 1996) does not deviate from the preced-
ing article but is remarkable for its emphasis of the ªincredible rapidityº
(Mayr 1996, p. 1) with which the Synthesis was accomplished after 1937.

Smocovitis 1996

In her latest book Smocovitis has answered to the criticism (e. g. by Mayr
1993) of nationalistic bias by mentioning that ªthe United States became a
center for scientific research immediately following the Second World
Warº (1996, p. 207). Although this is certainly true, it is no justification
for the exclusion of other national contexts of activity in evolutionary
biology before 1945, because ± even according to Smocovitis ± the Evolu-
tionary Synthesis ªtook place between the third and fourth decades of the
twentieth century during the interwar periodº (1996, p. 7). The interna-
tional character of the Synthesis is only seen as a `complication' leading
into different directions:

ªFurther complicating historical understanding were the national con-
texts for evolutionary activity represented at the workshop [Mayr &
Provine 1980]. Nations as different as the Soviet Union, Germany,
France, England, and the United States held to their respective contribu-
tions and historical interpretations. Historical exploration of the na-
tional contexts of activity made it apparent that the synthesis appeared
to take radically different historical directions in different national con-
textsº (1996, p. 33).

Smocovitis concludes with the following statement which is difficult to ac-
cept: Her own view of the Synthesis ªdoes stress Anglophone contribu-
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tors, possibly to the exclusion of other national contexts of evolutionary
activity. Here I wish to respond with an affirmative answer to the well-
worn question of whether the synthesis was an Anglo-American event; I
would also add that such an assertion in no way excludes [?] the contribu-
tions of other national contexts of activityº (1996, p. 207).
The irony is that not the history but the historiography of the Synthesis
has been an ªAnglo-American eventº. However, if one sees the Synthesis
as an international research program of geneticists, population biologists,
biogeographers, systematists, botanists, comparative animal morphologists
and (some) paleontologists spanning the 1930 s and 1940 s it is no longer
an ªAnglo-American eventº and many of the historiographical and philo-
sophical problems disappear.

Ruse 1996

A similar argument as Smocovitis' can be found in Michael Ruse's Monad
to Man (1996). Since ªAnglo-American evolutionism is the biggest, the
best, the most matureº and the ªwork in these two countries since Darwin
is the most direct route to the presentº any discussion of other countries is
excluded, ªexcept inasmuch as it impinges on British and American evolu-
tionismº (Ruse 1996, p. 178). It is the question whether Ruse reads Ger-
man at all (see our chapter VIII on the language barriers) and whether he
felt at all uneasy to neglect the notorious German evolutionary progres-
sionism of the nineteenth and twentieth century in a book devoted to
ªThe Concept of Progress in Evolutionary Biologyº (subtitle).

Junker & Engels 1999

In 1999 Thomas Junker and Eve-Marie Engels published the contributions
to a symposium that was devoted to the Synthesis in Germany1. The
authors in this book discuss a whole series of German biologists (see
ch. VII) who made significant contributions to the Synthesis, but most im-
portantly several authors (e. g. Haffer and Reif) show that according to the
German literature (1) an empirical analysis of the evolutionary factors (in
the laboratory and in natural populations), (2) a reconciliation of the var-
ious disciplines toward a coherent model of microevolution and (if possi-
ble) a coherent model of macroevolution had been on the agenda of sev-
eral geneticists, population biogeographers and morphologists since the
early 1930s, and (3) that the German translation (1939) of Dobzhansky
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(1937) did not cause any surprise among the leading German evolutionary
biologists. However, it cannot be denied that except for Ludwig and PaÈtau
there were hardly any competent theoretical population geneticists and
that Germany had no Simpson (for Schindewolf, one of the leading Ger-
man paleontologists between 1930 and 1965, see Schindewolf 1936, 1950
and Reif 1983, 1986, 1993, 1997, 1999 a, b).
Mayr claims that the process in Germany was started by the German
translation of Dobzhansky's book, which was ªas much a cornerstone of
the German Synthesis as it had been of the American oneº (Mayr 1999 a,
p. 22; similar Hoûfeld 1998 a). Reif (see also Reif 1983, 2000 a) contradicts
this view by stating that (some) German biologists were involved in an in-
ternational research program towards a synthesis since the early 1930 s.
These statements about the origin and meaning of the Evolutionary Syn-
thesis demonstrate that no general agreement has been achieved. Before we
can speak about contributions of German biologists to this Synthesis, it is
therefore necessary to develop criteria for the identification of the authors.
The next two chapters will suggest an approach.

IV. Functional Criteria for a Synthesis

Before an answer to the German contribution to Synthesis can be given it
is necessary to address some theoretical, metatheoretical and historiogra-
phical issues. What was the Synthesis as a historical process? Was it (1) a
fusion of the research tradition of disciplines or (2) a narrowing of the fo-
cus to a limited number of evolutionary factors and a gradual rejection of
factors that turned out to be incompatible with the Darwinian framework
of the theory. What type of theory dynamics did the origin of the Syn-
thetic Theory represent ± was it a paradigm shift, a scientific revolution?
What is the content of the Synthetic Theory? What kind of a theory is the
Synthetic Theory? Has it changed since it was first formulated? Has it
(i. e. the theory itself) ªhardenedº, i. e. was its pluralism reduced? How did
the historiography of the Synthesis develop? Has it (i. e. the historiogra-
phy) ªhardenedº, i. e. did it reduce its pluralistic stance toward the number
of the contributors (ªarchitectsº) of the Synthesis?
In order to call any modern theory of evolution a ªSynthetic Theoryº sev-
eral criteria have to be met (Reif 1999 a): a) It has to be shown that all bio-
logical disciplines involved in evolutionary biology (systematics, ecology,
paleontology, genetics, developmental biology, biogeography etc.) devel-
oped a set of theorems that are not contradictory and that suffice for de-
scribing the mechanisms of evolution. b) It has to be shown that unsolved
problem of one discipline become solvable through a cooperation with an-
other discipline. c) The Synthetic Theory must be able to produce new re-
search projects by a cooperation of different biological disciplines.
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Most students of the Theory of Evolution will agree that all three criteria
are largely met by the Synthetic Theory. Criterion (a) is still heavily dis-
cussed. Criterion (b) is almost universally accepted. Criterion (c) is accep-
table; however, detailed documentations of new evolutionary research pro-
grams that were based on the Synthesis and were implemented after 1950
in the various countries involved (U. K., USA, Germany USSR, Italy etc.)
would be required.
Shapere (1980) outlined two criteria for a synthesis: (1) All data of each
of the scientific areas in question must be logically deducible from a re-
latively few basic ideas of a synthesized Darwinian-Mendelian theory.
Shapere stated that this view of completeness is much too stringent
(p. 388). (2) A set of data can be understood in the light of a new theory
that also allows new questions to be asked. (For example, it could be
said that a new understanding of paleontological data was gained in the
light of Darwinism-Mendelism and new questions were made possible
(p. 389).

V. Structure of the Synthetic Theory

In order to find out whether an author of the 1930 s and 1940 s can be said
to have contributed to the Synthesis or whether a modern author can be
regarded as an adherent or an opponent of the Synthetic Theory it is ne-
cessary to develop criteria for the identification of the Synthetic Theory.
This is a very difficult task as it is connected with numerous theoretical
and metatheoretical (philosophical) problems (Reif in prep.):
a) The claim of an author that he fully agrees with the Synthetic Theory
can not be always regarded as reliable. Some authors say that they agree
with the Synthetic Theory, but they seem not know it to a sufficient de-
gree. Hence it is necessary to study all theoretical propositions of all
authors in detail.
b) The discussion in the literature of what kind of a theory the Theory of
Evolution is (in comparison to a theory in physics) has led to no conclu-
sion so far (Burian 1988; Wassermann 1978, 1981). Can it make predic-
tions, and ± if not ± why not? Can it be refuted? Are there evolutionary
laws? Is the Theory of Evolution a deterministic or a probabilistic theory?
What is the status of macroevolution (given the fact that there are no spe-
cific macroevolutionary factors or laws? (See Williams 1970, 1973 a, b,
1981; Munson 1975: Caplan 1978; Olding 1978; Ayala 1982, 1983; Horan
1994; Ariew 1998).
c) The attempt to axiomatize the Theory of Evolution (Williams 1970; for
discussion see Ruse 1971, 1973) has lead to no satisfactory results. Like all
biology evolutionary theory has a strong historical (ªnarrativeº) compo-
nent (Journet 1995).

56 W.-E. Reif, T. Junker and U. Hoûfeld



d) The multi-level model (Tuomi 1981, 1992) and the semantic model
(Beatty 1987; Suppe 1977, 1979, 1988; Lloyd 1988; Thompson 1980,
1983 a, b, 1987, 1988) of the evolutionary theory do not readily allow the
detailed comparison of the theories of individual authors (Reif in prep.).
e) The fact that the metatheoretical aspects of the Theory of Evolution
have not been clarified has lead to an ongoing discussion of whether pro-
posals such as the Neutral Theory of Evolution (Kimura 1983), the hy-
pothesis of Punctuated Equilibria (Eldredge & Gould 1972; Gould & El-
dredge 1977), the hypothesis of Species Selection (Stanley 1979), the model
of a hierarchical structure of evolution (Eldredge 1979, 1985; Gould 1981,
1982 a, b, 1995; Stanley 1979; Vrba & Eldredge 1984), the hypothesis of
mutualism and group selection (Wilson 1992; Sober & Wilson 1998) etc.
have to be regarded as refinements, marginal additions, expansions or refu-
tations of the Theory of Evolution (Smith 1979; Levinton & Simon 1980;
Grant 1983, 1985; Sober 1984; Darden 1986; Stebbins & Ayala 1985;
Hecht & Hoffman 1986; Mayr 1988; Levinton 1988; Hoffman 1989; Bu-
rian 1988; Gayon 1990; Grene 1990; Ridley 1993, 1997; Fitch & Ayala
1995; Sepkoski 1996).
f) There is no agreement in the literature of whether hypotheses such as
Punctuated Equilibria, Species Selection and Group Selection have a suffi-
cient conceptual and empirical basis to accept them at all and regard them
as serious candidates for an expansion or refutation of the Synthetic Theo-
ry (Reif 2000 b). We do not accept here Gould's claim that the Synthetic
Theory is ªeffectively deadº (Gould 1980 a, p. 120).
The attempt to define the Synthetic Theory of Evolution by simply listing
those theoretical claims on which all or most architects (Dobzhansky,
Huxley, Mayr, Simpson, Rensch and Stebbins) of the theory agreed would
be circular: First one bases the content of the Synthetic Theory on a list of
the architects and then one tries to find criteria of who was an architect
from a presupposed description of the Synthetic Theory (see Gayon 1990).
In addition the metatheoretical problems of the Synthetic Theory would
be neglected. The purpose of a characterization of the Synthetic Theory is
to provide a working basis for theorists of biology, for historians of
science and for philosophers of science (who deal with metatheoretical
problems). It is necessary to characterize the Synthetic Theory not too
narrowly (this could lead to the result that every author has his own theo-
ry) and not too widely, in order to be able to distinguish the Synthetic
Theory from other theories of evolution.
We propose here a structuralistic concept of the Synthetic Theory (Reif in
prep.). We found that an axiomatization or a semantic model or a hierarch-
ical model do not lead to a workable definition of the Synthetic Theory.
The components (evolutionary factors etc.) of the theory are mutually in-
terdependent (hence the notion of structuralism). It is not the case that the
evolutionary factors are autonomous theories that are combined to inter-
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field theories. Rather the factors signify working programs (with their
own theoretical backgrounds, to be sure) but they make evolutionary
sense only in combination. One simply does not study mutation or isola-
tion per se. If an author regards selection as the single most important
component of the theory (and thus rejects random effects such as drift and
neutral mutations practically completely) this has necessarily implication
for the whole theory. The same is true for any other component: gradual-
ism versus saltationism, selection restricted to the individual level versus
selection taking place from the gene level to the species level etc. By impli-
cation, the structuralistic approach rejects the assumption that the Syn-
thetic Theory can be derived from first principles (i.e. can be axiomatized)
or is a reductionistic theory.
A structuralistic model of the Theory of Evolution has several advantages:
1) It reveals metaphysical and methodological connotations of an author
that he may not even be aware of. 2) Terminological confusions can be
avoided to a significant degree because the terms are clarified with respect
to their function in the rational framework of the theory. 3) It is possible
to demonstrate the deviations of a theory of a certain author from a logi-
cal, contingent, consistent and rational structure. 4) Authors may not de-
bate all aspects of their theory. However, a structuralist analysis can de-
monstrate that an author held an inherently teleological view, though he
may not be aware of it or may flatly reject such a charge.
From a structuralistic point of view, the Synthetic Theory can easily inte-
grate additions and refinements. However, we will not tackle the problem
which kind of theoretical proposals would refute the Synthetic Theory
(see Williams 1973 a, b). The structuralistic description of the Synthetic
Theory that we use is based on: 1) The concepts of those authors of the
1930 s who worked towards the Synthesis. 2) The results of authors that
carried out the Synthesis. 3) The research programs of authors who
worked successfully on the basis of the Synthesis.
The essential five components of the Synthetic Theory are:
¨ Mutations (that are random with respect to the adaptive needs of the or-

ganism).
¨ Selection (restricted largely to the level of the individual) as the main di-

recting force of evolution (see Arnold & Fristrup 1982; Arnold & Wade
1984; Beatty 1980; Brandon 1981, 1982, 1986, 1990; Brandon & Burian
1984; Craig 1982; Franklin & Lewontin 1970; Lewontin 1970, 1972,
1978; Muller 1949).

¨ Recombination in sexually reproducing populations.
¨ Isolation (prevention of gene flow due to geographic or ecological se-

paration, and pre-mating or post-mating genetically determined isolat-
ing mechanisms).

¨ Drift (random loss of genes from the gene pool in small populations or
in populations whose size or geographic distribution changes rapidly).
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Several other relevant components follow automatically from this basic
structure:
¨ Speciation is predominantly allopatric or parapatric. Sympatric specia-

tion requires special ecological mechanisms or random events.
¨ Evolution is gradual, but can have a wide spectrum of velocities.
¨ Macroevolution, i. e. the origin of higher taxa, adaptive radiations, adap-

tive shifts of higher taxa etc. is gradual and does not require special me-
chanisms (e. g. Bock 1979; Dudley 1991).

¨ Developmental, historical and constructional constraints limit the op-
portunism of evolution to a certain degree, but do not lead to non-adap-
tive evolution (Alberch 1982, 1985; Amundson 1984; Arnold 1992; At-
kinson 1992; Barel et al. 1989; Bjorklund 1996; Boletzky 1997; Carter et
al. 1992; Futuyma 1986; Hecht & Hoffman 1986; Levinton 1986; Reif et
al. 1985; Resnik 1995; Schwenk 1995; Skelton 1993; Smith et al. 1985;
Strathman 1975; Wagner & Misof 1993; Wimsatt 1986).

The Synthetic Theory rejects:
1) Concepts refuted by many geneticists:
¨ Macromutations (ªsystemic mutationsº, as claimed by Goldschmidt

1927, 1935, 1940; see Goldschmidt 1959, Diedrich 1995 and Piternick
1980 for further information)

¨ Lamarckian inheritance and Geoffroyan mechanisms

2) Macroevolutionary notions:
¨ Progressive evolution as an inherent trend
¨ Teleology (goal oriented evolution)
¨ Cyclic evolution (evolution of higher taxa in strict analogy to the life

cycle of an individual: rapid youthful origin, stable adult phase, dete-
riorating old age)

¨ The autonomous evolution and unfolding of higher taxa
¨ Orthogenesis (rectilinear evolution = ªorthogenesis Aº and internally

driven evolution = ªorthogenesis Bº)
¨ Autogenesis = autonomous evolution of taxa without interaction with

the environment
¨ ªRacial senescenceº = ageing of the genome
¨ ªBauplaÈneº or types as actors in evolution
¨ Saltations: jumps from an ancestral taxon to a descendant taxon

Several historians and theorists have pointed out that the five factors (mu-
tations, recombination, selection, isolation and drift) were already known
by the theoretical population geneticists. Beatty (1986; see also Bechtel
1986) emphasizes that this is true, but that it was the major contribution
of the architects of the Synthesis (especially Dobzhansky) to carry out la-
boratory and field studies in order to determine the relative strengths of
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the five factors. Beatty's argument points to the importance of experiments
and field studies in the descriptive sciences (natural history) (see Sober
1993; Rheinberger 1997; Reif 1999 b). It is necessary however, to empha-
size ± in addition to Beatty (1986) ± that there are two more accomplish-
ments of the Synthesis: a) Factors other than mutation, recombination, se-
lection, isolation and drift were excluded, and b) it was demonstrated by
extrapolation that the factors acted in macroevolution in the same way as
in microevolution.

VI. The Four Phases in the Historical Development of the Syn-
thetic Theory

In order to clarify the criteria of whether an author contributed to the de-
velopment of the Synthetic Theory or not it is not only necessary to char-
acterize the Synthetic Theory and compare the theory of a certain author
with this characterization. It is also necessary to distinguish historical
phases in the development of the Synthetic Theory. We use the following
classification here (from Reif 1998; see Cain 1992 for a slightly different
historical grouping):
1) ªRootsº: This covers the time up to around 1920. This phase is char-
acterized mainly by a clarification of the laws of inheritance (Johann-
sen), the discovery of the chromosome theory of inheritance (Boveri,
Morgan, Muller), the discussion between micro- and macromutationists
(de Vries, Johannsen, Bateson, Pearson). In systematic biology, compara-
tive morphology, developmental biology, biogeography and paleontol-
ogy it is more difficult ± given our current knowledge of history of
biology ± to point out developments in these disciplines that can be re-
garded as research projects leading to eventually to a synthesis (see Haf-
fer 1997).
2) ªPreparationº: This period covers especially the second half of the
1920 s and the first half of the 1930 s. The most important developments
were: mathematical population genetics (Fisher, Wright, Haldane, Chetver-
ikov, PaÈtau, Ludwig, Gause); field studies and experimental studies of po-
pulations (Chetverikov, Dubinin, Dobzhansky, TimofeÂeff-Ressovsky,
Erwin Baur, Reinig, I. I. Schmalhausen, A. S. Serebrovskij, A. N. &
S. N. Sewertzoff, V. N. Sukacev); developmental genetics (Goldschmidt,
KuÈ hn); a first attempt of a paleontologist to clarify the discrepancies be-
tween genetics and paleontology (Schindewolf 1936; this attempt failed,
see Reif 1997, 1999 a); biogeography of species and other lower taxonomic
units (races, ring-species, polytypic species; Rensch, Stresemann, Mayr);
small-scale evolution and statistical analysis in the fossil record (Rudolf
Kauffman, Rudolf Wedekind; see Hoffman & Reif 1984).
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3) ªFormationº of the Evolutionary Synthesis (1930 s and 1940 s ± accord-
ing to many authors 1937 to 1950). As noted in chapter (V) the Synthesis
made the following contributions: Empirical analysis of the relative
strength of the five evolutionary factors (mutation, recombination, selec-
tion, isolation and drift) that resulted from theoretical population genetics;
theoretical and empirical exclusion of other evolutionary factors; extrapo-
lation from microevolution to macroevolution; clarification of the origin
of diversity and speciation (Hoûfeld, Junker & Kolchinsky 2000).
4) ªReceptionº of the Synthetic Theory of Evolution (1950 to the pre-
sent). The Synthetic Theory gained wide acceptance already in the late
1940s and in the 1950 s. This statement must be modified in four ways: a)
By no means all authors of the late 1940 s and the 1950 s used the term
`Synthetic Theory' (see above). The term is especially missing in the three
major Festschriften commemorating the 100. Anniversary of Darwin's
Origin of Species (Tax 1960; Barnett 1962; Leeper 1962; Mayr 1962; see
Reif 2000 a). The acceptance of the terms `Evolutionary Synthesis' and
`Synthetic Theory' is largely due to the many theoretical and historical
publications by Simpson and Mayr. b) Not all evolutionary biologists who
had actively done research between 1930 and 1960 considered the time be-
tween 1937 and 1950 as an extraordinary period (see chapter VII). c) The
acceptance of the Synthetic Theory after World War II was much stronger
in the Anglo-american countries than in Germany (Reif 2000 a), France,
the Soviet Union etc. d) There is still a wide discrepancy among theorists
not only as to what kind of a theory the Synthetic Theory is but also what
type of process lead to the Synthetic Theory.
According to Gould (1983 a, b) the first formulation of the Synthetic The-
ory was more pluralistic than its later developments. According to his his-
torical analysis later versions of the Synthetic Theory were stronger dog-
matic with respect to their exclusive emphasis of selection than earlier
versions. Mayr, on the other hand, emphasized that the selection-antiselec-
tionist trend was exactly the opposite in 1930 s (1988, pp. 528±529). Anto-
novics, agreeing with Gould, went so far as to state: ªThe Synthesis placed
restrictive notions on the conceptual richness and depth of evolutionary
biology as a scienceº (1987, p. 326). A careful analysis as to how the Syn-
thetic Theory changed the research programs of the various disciplines
after 1950 is still missing. The accepted version of the Synthetic Theory
was challenged from several sides (paleontology, genetics, selection theory
etc.). Theorists and philosophers who reacted to these challenges have seen
no need to modify the Synthetic Theory (Burian 1988; Grene 1990; Grant
1983; Hecht & Hoffman 1986). A detailed theoretical and historical analy-
sis of the time period of 1970 to the present is still missing. The account of
Smocovitis (1996) is anecdotal and not systematic.
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VII. German Contributions to the Synthesis

What were the contributions of biologists living and working in Germany to
the Synthesis? In this section we will give a preliminary answer to this ques-
tion by discussing the work and theories of some of the candidates for such a
contribution. Our account will be far from complete and it will include
some authors who were part of the scientific environment of the Synthesis,
but did not add any original work. We use `German' in the sense of language
and geography, and not in the sense of German scientific traditions. I. e. we
include the work of TimofeÂeff-Ressovsky, who lived and published in Ger-
many, but not that of Ernst Mayr, who was strongly influenced by his Ger-
man background, but had emigrated to the USA. Our arrangement of the
authors is roughly chronological in order to pick up our distinction between
roots, preparation, formation, and reception of the Synthesis.

Erwin Baur (1919, 1925, 1932)

Erwin Baur was certainly one of the most important architects of the
Synthesis. His early death (1933) prevented him from playing a major part
in the actual formation of the Synthesis, but his work made him a central
figure of the preparatory phase: ªIf he had lived, he would probably be re-
cognized now as one of the fathers of the synthetic theory of evolution in
plantsº (Stebbins 1980, p. 140). Baur's very popular genetics textbook Ein-
fuÈ hrung in die experimentelle Vererbungslehre was probably one of the
most influential publications that prepared the ground for the Synthesis in
Germany. As early as 1919 (3rd/4th. ed.) Baur presented an evolutionary
theory that was based on a synthesis of genetics, the theory of selection
and a basic idea of population genetics. He was convinced that the quan-
tity and diversity of mutations in nature is sufficient to guaranty an effi-
cient process of selection (Baur 1919, p. 343). On the other hand, he had
some doubts whether this microevolutionary mechanism is sufficient to
explain macroevolution and speculated that new types of mutations might
be found (Baur 1919, p. 345).
In 1925 Baur presented his most important synthetic ideas in a short paper
on the meaning and importance of mutations for evolution (ªDie Bedeu-
tung der Mutation fuÈ r das Evolutionsproblemº). Here he emphasized that
differences between closely related species can be explained by the accu-
mulation of (micro-)mutations (see also Baur 1924; Mayr & Provine 1980;
Harwood 1993). He demonstrated that in natural populations sufficient
genetic polymorphism (resulting from random mutations and recombina-
tion) for selection to act is present. Baur had no clear notion yet of gene
pools, gene flow and genetic isolation but he emphasized that the (at that
time dominant) criticism of selection was unproductive. Baur clearly re-
jected Lamarckian inheritance.
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In a paper of 1932 he gave a short documentation of his genetic studies of
the garden snapdragon Antirrhinum and of his extensive studies of natural
populations of Antirrhinum section Antirrhinastrum in southwest Europe.
This was one of the first empirical studies of population biology which
took all relevant aspects into account such as genetic variation, hybridiza-
tion of populations, spatial and genetic isolation, and hybrid viability.
Baur's work clearly aimed at a synthesis between genetics and the theory
of selection and through his analysis of natural populations of Antirrhi-
num he pioneered the ªBack-to-Natureº movement that later became an
earmark of the Synthesis.

Max Hartmann (1927, 1939)

Evolutionary theory played a comparatively small role in the influential
text-book Allgemeine Biologie by the geneticist Max Hartmann (10 pages
out of 750; 2d ed. 1933). It first appeared in 1927 and went through several
editions. Hartmann started from the assumption that the theory of descent
is based on the natural classification which itself uses typological similari-
ties on all taxonomic levels. He gave a range of evidence that proves be-
yond any reasonable doubt that the theory of descent is true. Experimen-
tal genetics and other considerations have indicated that Lamarckian
inheritance must probably be rejected (Hartmann leaves some room for
Lamarckian inheritance through Dauermodifikationen; Hartmann 1933,
pp. 655±656). On the other hand it has turned out that micromutations are
much more common in natural populations than had hitherto be assumed.
Hence random (micro-)mutations, recombinations and Darwinian selec-
tion must be the main factors of evolution.
Hartmann was not convinced, however, that ªfor the time beingº random
micromutation can be regarded as a sufficient explanation for complex
adaptations and (orthogenetic) trends. Hartmann speculated that these
macroevolutionary phenomena might be caused by directed mutation pres-
sure under extreme conditions (Hartmann 1933, p. 658). Although the
reader finds no understanding that species are reproductive communities
and despite his speculations about a significant role of directed mutations,
Hartmann's text-book is an important statement of some basic genetic no-
tions of the Synthesis during its preparation phase.
Hartmann's preface to the German translation of Dobzhansky's Genetics
and the Origin of Species indicates that he was aware of the scope and con-
tent of the Synthesis during is formation phase as well. In different coun-
tries (he mentions Germany, Russia, and America) geneticists are working
on a new synthetic synopsis (ªeiner neuen synthetischen Zusammenfas-
sungº) of genetics, cytology, biogeography, mathematical analysis. Hart-
mann saw Dobzhansky's book as a summarizing account of these attempts
(Hartmann 1939, p. III±IV; see Harwood 1993, p. 44±45).
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Nikolai W. TimofeÂeff-Ressovsky (1927, 1937, 1939, 1940, 1943)

TimofeÂeff-Ressovsky was an important representative of the international
Synthesis and the central figure of the (microevolutionary) Synthesis in
Germany (see also Glass 1990; Voroncov 1993; Hoûfeld 1998 a, 1998 b;
Junker 1998 b). He had studied genetic variability in natural populations of
Drosophila as early as 1927 (H. A. & N. W. TimofeÂeff-Ressovsky 1927;
more references to his early publications can be found in TimofeÂeff-Res-
sovsky 1939 a, b). This is quite remarkable because this project was carried
out not after but during the forming years of theoretical population
genetics and earlier than most of Dobzhansky's studies of natural popula-
tions. From that time on TimofeÂeff-Ressovsky worked towards empirical
tests of the relative importance of the evolutionary factors (clearly a re-
search program of the Synthesis). The importance of TimofeÂeff-Ressovs-
ky's work was appreciated by the other architects of the Synthesis, espe-
cially by Dobzhansky. In Genetics and the Origin of Species numerous
references to TimofeÂeff's publications can be found. Dobzhansky particu-
larly emphasized the following results and experiments: 1) The effect of a
mutation on viability depends on both the environmental conditions and
the genetic structure of the organism; 2) Basic experiments to determine
the relative frequency of the different types of mutations; 3) TimofeÂeff's
demonstration that mutations producing small changes in the phenotype
occur at a high frequency; 4) One of the first systematic studies on the oc-
currence of mutations in wild populations of Drosophila melanogaster
(Dobzhansky 1937, pp. 20, 24, 26, 41).
ªGenetik und Evolutionº (1939 a) is one of the most important review ar-
ticles of TimofeÂeff-Ressovsky (Hoûfeld 1998 a). Central is a discussion of
the relative importance of the factors of evolution on the basis of theoreti-
cal population genetics and empirical population studies. Most interesting
are his definitions of population and of species (genetically isolated, freely
interbreeding populations). He also discusses the importance of genetic
constraints for the variability of a population (p. 189). TimofeÂeff-Ressovs-
ky left no doubt that macroevolution is under control of the same factors
as microevolution. He did not discuss patterns of macroevolution but lim-
ited himself (exactly as in his contribution to Heberer's book, see Bauer &
TimofeÂeff-Ressovsky 1943; Reif 1999 a) to the topics and results of empiri-
cal and theoretical population genetics and cytogenetics.
In 1969 TimofeÂeff-Ressovsky published a short text-book on the theory of
evolution together with N. N. Voroncov and A. V. Jablokov (German
translation 1975). The authors did not accept the American historiography
of the Synthesis in their short historical review of 11/2 pages. Rather they
called the development of theoretical population dynamics and the first
studies of genetics in domestic plants (Vavilov, Fisher, Wright, Haldane,
Dubinin, Romasov) a ªlong and difficult starting phase of the synthesis of
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genetics and Darwinismº (1975, p. 66). This was followed by ªthe passio-
nate development of modern evolutionary theory. The synthesis of genet-
ics, systematics, biogeography and ecology resulted in the theory of micro-
evolutionº (1975, p. 66). The only publications mentioned here are
Dobzhansky (1937) and TimofeÂeff-Ressovsky (1939 a, b, 1940). The
authors regarded macroevolution as a different research tradition which re-
quired not only comparative morphology, paleontology and embryology,
but also genetics, ecology, biochemistry and molecular biology for the so-
lution of its problems. The relevant authors who are mentioned here are
Huxley, Schmalhausen, Mayr, Rensch Simpson, Takhtajan ªand many
othersº (1975, p. 66).
TimofeÂeff-Ressovsky's historical review reflects his own working program
during his time in Germany (1925±1945): The fundamental paper of Chet-
verikov (1926; which, incidentally, was partly translated and published by
Dobzhansky in his paper of 1959) marked the beginning of theoretical and
empirical population genetics and formed the basis of a working program
towards a reconciliation of genetics and the Theory of Evolution and even-
tually towards a model of microevolution (that was free of inner contra-
dictions; see also Adams 1967, 1970, 1980 a, b). TimofeÂeff-Ressovsky prob-
ably never doubted that this would also solve the problem of
macroevolution but never made macroevolution a part of his research pro-
gram. The harmonized models of micro- and macroevolution would then
form the basis for an expanded evolutionary research program. In other
words TimofeÂeff-Ressovsky did not see the modern theory of evolution
(in 1969/1975) as a new paradigm but rather as a complex of theoretical
and empirical insights towards which he had worked at least since the
early 1930 s.

Walter Zimmermann (1928, 1930, 1943)

Zimmermann's first paper of evolutionary importance was an article of
1928 that emphasized the ubiquity of adaptive characters in plants and
sexuality as a highly adaptive feature. Zimmermann's main concern was
methodology, i. e. the possibility of arguing for or against (past or current)
adaptations. Adaptation requires a directing factor in evolution, but for
the sake methodological clarity Zimmermann left the nature of the direct-
ing factor (Darwinian selection or Lamarckian inheritance) open in the
present context. (The reader has hardly any doubt that Zimmermann fa-
vored Darwinian selection.) It is remarkable, however, that Zimmermann
(1928), in contrast to Darwin, did not attribute adaptive significance to dif-
ferences between individuals within populations!
In his first book (Phylogenie der Pflanzen, 1930) Zimmermann argued
strongly against (irrational) typology and idealistic morphology. Zimmer-
mann emphasized that there is no empirical or general biological basis to
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accept macromutations as a mechanism for macroevolution, in other
words, he argued strongly for gradualism and against special macroevolu-
tionary laws. Evolutionary patterns, including extinction, are adaptive.
Evolutionary irreversibility is very likely to occur simply because of the
complexity of mutations. Haeckel's Biogenetic ªLawº cannot be accepted
as an evolutionary law. Evolution is always gradual and mainly caused by
micro-mutations. Morphological gaps between higher taxa were caused by
extinction. Evolutionary rates are controlled by the ecological situations
and by mutation rates. (Zimmermann did not exclude a weak internalism
here!)
With a careful analysis of empirical data and theoretical arguments Zim-
mermann rejected Lamarckian mechanisms. His question whether muta-
tions in a non-changing environment would cause evolutionary processes
or a evolutionary stand-still (p. 408) was much later taken up by Van Va-
len's Red Queen hypothesis (see Hoffman 1989). On the basis of calcula-
tions by Haldane Zimmermann emphasized the selective importance of
even minute individual differences in populations. Evolution of higher taxa
is caused by the accumulation of minute evolutionary stages (p. 411). Velo-
cities of microevolutionary processes are high enough for the evolutionary
origin of higher taxa within reasonable geological time spans (p. 414). Mu-
tations are random; genetic factors (genetic constraints in modern termi-
nology) lead to parallelisms. Selection is the center of Darwinism (p. 417).
Speciation is prevented by gene-flow and is made possible by geographic
isolation (p. 417). Vicariant local races are caused by mutations and are
adaptations to local conditions; they can hybridize (p. 418). Geographic
isolation leads to endemisms (p. 418). Differences between species are not
necessarily adaptive (p. 418).
In a public lecture of 1934 at the University of TuÈ bingen that has hardly
been recognized by the German, let alone the international, historiography
Zimmermann gave a short review and lucid argumentation in favor of his
adaptationistic, selectionistic and gradualistic theory that emphasized that
there is no difference between micro- and macroevolution, that Lamarck-
ism cannot be accepted and that species are differentiated into local adap-
tive races. (Allopatric speciation by geographic isolation was not dealt
with by Zimmermann 1934 a.)
It is difficult to imagine what aspects that were later developed by the
synthesists are missing in Zimmermann's evolutionary theory of 1930!
Zimmermann's 1938 book is a long explication of this theory. It is not im-
portant in the present context to analyze this book and his article of 1943
(see Reif 1999 a; Junker in print a) and it is impossible to analyze the rea-
sons why it had a comparatively small influence on the German scientific
community of evolutionary biologists and why it was not read by the in-
ternational audience of theorists and historians before or after World War
II. Simpson (1949 b) in his review of Zimmermann 1949 emphasized that
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he did not know Zimmermann's earlier work! One reason for the poor re-
ception of the book of 1938 could be its misleading title. Vererbung `er-
worbener Eigenschaften' und Auslese (Inheritance of `Acquired Charac-
ters' and Natural Selection) sounds like a defense of Lamarckism. What is
meant in reality is the acquisition of new characters by genetic (Darwi-
nian) mechanisms and their inheritance and selection.
After the war Zimmermann wrote several books on phylogeny, evolution,
epistemology, philosophy of biology and the history of evolutionary the-
ories. Zimmermann did not regard Dobzhansky's book of 1937/1939 as a
major breakthrough. Despite his being well-informed about the modern
American literature after World War II he never took up the idea of an
Evolutionary Synthesis, or of a radical renovation of evolutionary thought
starting with the late 1930 s. The simple reason for that is that when he
started his own series of publications of evolution (in the late 1920 s) he
did so in a completely modern way on the basis of theoretical and empiri-
cal studies of population genetics (he had studied biogeography, genetics,
clines and local adaptations of Pulsatilla), negating differences between
macro- and microevolution and emphasizing the ubiquity of selection-con-
trolled adaptation (Zimmermann 1934±1935). In a way Zimmermann sin-
gle-handed accomplished a synthesis many years before other synthesists!
There is no doubt that Zimmermann's books despite their wide distribu-
tion had little influence on the German discussion of evolution. Zimmer-
mann's influence was weak because he never became a full professor and
because he was dominated by typological morphologists such as Wilhelm
Troll before and after 1945 and by plant systematists with little interest in
evolution such as Karl MaÈgdefrau and by plant physiologists such as Er-
win BuÈ nning after 1945.
There is no doubt about Zimmermann's lack of success with respect to the
propagation of his ideas. Yet it is interesting to note that by 1930 Zimmer-
mann (in contrast to practically all his colleagues in Russia, German, Eng-
land and the USA) was optimistic enough to think that there were enough
data from genetics, empirical and theoretical population genetics, biogeo-
graphy, morphology, paleontology and systematics to extrapolate to evolu-
tionary theory and propose that mutation, recombination, selection and
isolation are the relevant factors of evolution, that neo-Lamarckian me-
chanisms cannot be supported, that evolution is always gradual and that
microevolution is not different from macroevolution (for Zimmermann's
methodology of phylogenetics see Donoghue & Kadereit 1992).

Wilhelm Ludwig (1933±1943)

Ludwig was the leading German theoretical population geneticist and se-
lection theorist and was fully familiar with the international literature. He
started to analyze mathematically the effect of low selection coefficients as
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early as 1933. Nevertheless he is usually forgotten as a German representa-
tive of theoretical population genetics. Ludwig (1943, for his contribution
to Heberer's Evolution der Organismen, see Reif 1999 a) gave an explica-
tion of selection theory that was in full accordance with the Synthesis.
However, he was remarkably tolerant with respect to neo-Lamarckians
and anti-selectionists. As late as 1938 he argued for further efforts to find
non-selectionist evolutionary mechanisms and referred to his own La-
marckian experiments (see Behrendt 1939). These experiments had been
completely negative and Ludwig came to the conclusion that if Lamarck-
ian effects exist they operate very slowly (Ludwig 1939, p. 202). In his la-
ter articles (1940, 1943) Ludwig presented himself as a neutral observer of
the various theories of evolution, without openly speaking out for one
side. According to his own classification, however, he was no proponent
of the Synthesis. He clearly belonged to the group of anti-selectionists (his
own terminology!), which includes those biologists who think that the
theory of selection is not sufficient (Ludwig 1943, p. 518). What Ludwig
calls ªselectionismº or ªthe theory of selectionº is actually what we would
now call the Synthetic Theory, i. e. including mutability and population ef-
fects. After 1945 Ludwig even took sides for Lysenko in the cautious way
that was characteristic for him (1949±1950).
Ludwig is an interesting case because he understood the microevolution-
ary mechanism of the Synthesis (including its mathematics) and was able
to present it in a convincing way to a broad audience. On the other hand
he never accepted this theory as sufficient and strongly sympathized with
unknown non-selectionist factors.

Alfred KuÈ hn (1935, 1939)

Two publications of the geneticist and developmental geneticist KuÈ hn are of
importance in the present context. In his paper of 1935 KuÈ hn based his con-
clusion that random mutations and natural selection are the only factors
controlling the differentiation of races and speciation on (1) developmental
genetic results of Goldschmidt and himself, (2) the study of natural popula-
tions by Baur and TimofeÂeff-Ressovsky, (3) theoretical population genetics
(Ludwig), and (4) biogeography of species (Rensch, Mayr and Stresemann).
KuÈ hn concluded that it is ªnot yetº possible to claim that selection and mu-
tation are the only evolutionary factors in existence (KuÈ hn 1935, p. 10).
In his 1939 text-book KuÈ hn defined species as reproductive communities
and gave an extensive overview of the biogeography of races and species
and their local adaptations and genetic differentiation. In the bibliography
he quoted selectionists who were convinced that macroevolution can be ex-
trapolated from microevolution (Dobzhansky 1939; Melchers 1939; Timo-
feÂeff-Ressovsky 1939 a; Zimmermann 1938). At the same time he called for
more studies of the biochemistry and biophysics of genes and mutations, of
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developmental genetics and for genetic studies of natural populations as a
future basis for a reliable knowledge of all factors of evolution: ªOnly ex-
periment and not speculation can lead to progressº (p. 156). Harwood
(1993) gives a thorough analysis of KuÈ hn's ideal of Bildung and his stance
against specialistic pragmatism and reductionism. It remains open, however,
why he sticked to the ideal of strict empirism and methodological rigor
with respect to macroevolution and was not just as ªoptimisticº as Dob-
zhansky (see Dobzhansky 1937, p. xv). In hindsight it is easy to state that
this kind of optimism paid: ªThere were good reasons for its [= Synthetic
Theory] adoption as a belief-governing policyº (Shapere 1980, p. 394).

William Frederik Reinig (1935±1939)

If we include among the architects those authors who studied the signifi-
cance of the five evolutionary factors in natural populations, Reinig must
count as an important contributor to the Synthesis. Reinig (1935, 1937,
1938, 1939 a, b) studied natural variability in complex populations of birds
and insects. As a member of the ªGenetic Colloquiumº in Berlin that was
founded and organized by TimofeÂeff-Ressovsky (Reinig 1938, p. VI) he
was familiar with all aspects of modern evolutionary biology (the ªGe-
netic Colloquiumº in Berlin must have been analogous to the ªNew York
Circleº; see Senglaub 1978, Harwood 1993). Reinig wanted to know how
the variability of populations was influenced by the reduction of their
areal distribution in the Pleistocene and their redispersal after the Pleisto-
cene. In other words he tried to reconstruct the evolutionary history of
populations. He emphasized that this research program went much further
than Rensch's biogeography of lower taxonomic units.
His result was that drift (which he called ªEliminationº = the stochastic
loss of genetic variability of populations) plays a significant role compared
to selection. Important intra-populational characters in local demes can
not be regarded as selection-driven adaptations to the local conditions but
they are due to the random loss or accidental dominance of genes during
the migration and dispersal of the populations. The basis of his studies are
the evolutionary factors (1) random (micro)mutations, (2) recombination
and (3) selection. (4) Drift and (5) isolation are the focus of his empirical
studies. Implicitly and with reference to Dobzhansky Reinig agrees that
these five factors can explain all of evolution (Reinig 1939 b, p. 305). Rei-
nig did not explicitly deal with the fossil record or with other problems of
macroevolution (origin of higher taxa etc.).

Klaus PaÈtau and Georg Melchers (1939)

PaÈtau and Melchers each published only one short paper in favor of the
Synthesis. The papers were based on talks that had been given at the 13th
annual meeting of the German society for genetics (WuÈ rzburg, September
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1938). At that time PaÈtau and Melchers worked at the Kaiser-Wilhelm-In-
stitute for biology with Max Hartmann and Fritz von Wettstein as their
directors. According to the autobiographical recollections of Melchers, he
(and probably PaÈtau) were asked by von Wettstein and Hartmann to give
their `synthetic' talks, and at least Melchers was not very happy with the
outcome (Melchers 1987, p. 387). Their talks were presented to supple-
ment TimofeÂeff-Ressovsky's talk on ªGenetics and evolutionº.
Melchers' paper on genetics and evolution from a botanical perspective
was one of the first successful attempts to discuss the theories of the
Synthesis in light of the botanical evidence. He mostly dealt with the ques-
tion of mutability in the laboratory and in nature. He emphasized the im-
portance of experimental (transmission) genetics for evolutionary theory
and gave an overview of mutation, selection, isolation and drift. (German
geneticists were at that time heavily fighting with the problem of inheri-
tance that was caused by extranuclear factors and that we now know as
the genomes of mitochondria and plastids). There was no discussion of po-
pulation effects. Melchers did not explicitly stress the fact that microevolu-
tionary factors can be extrapolated to macroevolution, but he speculated
that there might be other evolutionary factors so far missing in the Synth-
esis. PaÈtau's article on the mathematical aspects of evolution is a compara-
tively short, but clear introduction to the mathematical theory of popu-
lation genetics and evolution. His account is based on the theories of
Fisher, Wright, and Dobzhansky. Taken together, the 1939 papers by PaÈ-
tau, Melchers, Reinig and TimofeÂeff-Ressovsky are the first significant pre-
sentations of the new Synthesis as it had been laid out by Dobzhansky
(1937) to the German audience.

Bernhard Rensch (1939±1947)

Rensch's major contribution to the second phase (ªPreparationº) of the
Synthesis was his analysis of the biogeography of lower taxonomic units,
the discovery of ring species and the high differentiation of species popula-
tions into local populations (summarized as early as 1929 but apparently
with little influence of the international audience! On Rensch's early La-
marckian ideas see Junker 2000 c). Rensch's series of publications that con-
tributed to the Synthesis starts with ªTypen der Artbildungº (1939), which
was published in an international journal, but was also not read internation-
ally, either because of its misleading title (ªTypenº) or because it was writ-
ten in German. Rensch developed a highly intriguing argument: Systematics
and biogeography at the lowest taxonomic levels (races and species) are the
first possible test of the sufficiency of the evolutionary factors (mutation,
recombination, selection, isolation and drift). Rensch showed that ± de-
pending on the relative strengths of the factors ± different kinds of specia-
tion can be distinguished. There is no support of internalistic or holistic
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agencies in evolution. Rensch provided a wonderful example of ªmutual en-
lightenmentº (we borrow this term from Willi Hennig): (1) Biogeography
and taxonomy (morphology) test the five factors of evolution; (2) the five
factors of evolution help to understand biogeographical and morphological
phenomena. (This papers deserves to be analyzed in more detail).
In 1943 Rensch expanded his strategy to test the five factors of evolution
by considering ªpaleontological rules of evolutionº, i. e. patterns in the
fossil record as they were reported by paleontologists. Rensch's main con-
clusion was that the patterns of (macro-)evolution can be explained largely
by selection (Rensch 1943 a). However, he also admitted detrimental
ªoverspecializationº (caused, for example, by allometric growth factors)
that could lead to extinction. ªOverspecializationº as a cause of extinction
is not in accordance with the view of the Synthesis. Nevertheless it was ta-
ken into consideration by paleontologists well into the 1970 s (Reif 1975).
In his book of 1947 Rensch (see Reif 1983, 1999 a; Popov & Hoûfeld
2000) first discussed the factors of microevolution. He emphasized that he
attributed local differentiations of population more to selection than to
drift in contrast to Reinig. The main part of the book is devoted to macro-
evolution. In order to demonstrate that the same factors control macroevo-
lution that control microevolution Rensch used a large number of exam-
ples of patterns of evolution derived from the fossil record and from
comparative morphology of animals. Rensch's main strategy was to show
that patterns of evolution do not prove autogenetic mechanisms but rather
can be explained by selection and other microevolutionary mechanisms.
Being remarkably tolerant with respect to autogenetic explanations of pa-
leontologists Rensch admitted that there are ªoverspecializationsº and
other nonadaptive phenomena that have to be attributed to allometry, ge-
netic lability and genetic aging.
Simpson (1949b) stated that central Europe and the West had been isolated
ªfor some ten yearsº (p. 178) and interpreted Rensch (1947), together with
Schindewolf (1945) and Zimmermann (1948) as ªevolutionary phenomena
of intellectual isolationº. Simpson thus contributed much to the ªisolation
hypothesisº (the political situation of the Third Reich and especially World
War II isolated the German scientific community completely from the rest
of the world) that helped to establish the idea (see Mayr, above) that the
German Synthesis was a ªclosely congruentº (Simpson 1949 b, p. 178), con-
vergent, parallel event to the Anglo-American Synthesis (see conclusions).

Fritz von Wettstein (1939) and Wettstein & Hans Stubbe (1941)

The botanist von Wettstein (1939) defended the basic principles of microe-
volution and proposed genetic mechanisms (that were within the frame-
work of the accepted mechanisms of genetics) to explain the macroevolu-
tionary phenomena of the evolution of new characters and of evolutionary
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trends (see Reif 1999 a). In 1941 he published an article together with
Stubbe on the importance of micro- and macromutations. They came to
the conclusion that experimental and theoretical evidence made it impossi-
ble for the time being to decide whether evolutionary change is exclusively
brought about by undirected micromutations or by micro- and macromu-
tations. Macromutations could play a considerable directing force. (In
hindsight, their problem was caused by the fact that they did not expect
that selection acts on very small phenotypic differences.)

Hans Nachtsheim (1940)

Nachtsheim published several review articles which demonstrate his sym-
pathy with the Synthesis. In 1927 he strongly criticized Richard von Wett-
stein who had rejected any relevance of genetics for the study of evolution
(R. v. Wettstein 1928). To refute this pessimistic opinion Nachtsheim gave
a short account of the latest developments in genetics that are relevant for
the theory of evolution. He specifically mentioned Erwin Baur's findings
about the high frequency of small mutations (Nachtsheim 1927, pp. 990±
991; Baur 1924, 1925). In 1940 he published a paper on the fundamental
principles of race formation. The article is written from the perspective of
the Synthesis. As contributing disciplines he mentioned paleontology,
systematics, comparative anatomy, embryology and especially genetics
(Nachtsheim 1940, p. 552). His list of summarizing accounts includes
Rensch (1939), Reinig (1938), TimofeÂeff-Ressovsky (1939 a), Melchers
(1939), Dobzhansky (1937), and Zimmermann (1938). He particularly em-
phasized that it is legitimate to assume that there are no specific macroevo-
lutionary factors (Nachtsheim 1940, p. 558).

Gertraud Haase-Bessell (1941)

Haase-Bessell was a geneticist and biophysicist who developed models of
the physical and chemical structure of the gene. Very little is known about
her life. There is not even a bibliography of her work (see Haffer 1999,
p. 137±138). Haase-Bessell's two publications on evolution of 1941 are a
short book and a semi-popular article. Both are summaries without biblio-
graphies (the author planned longer accounts for the future). Haase-Bessell
emphasized that recent developments in population genetics, cytogenetics
and paleontology had helped to overcome the deadlock of evolutionary
discussion of earlier decades (when typology and macroevolutionary spec-
ulations had dominated) and that they are striving strongly towards a
ªsynthesisº (Haase-Bessell 1941 a, p. 233; 1941 b, p. III).
She gave a full account of cytogenetics, theoretical genetics and of the geo-
graphical variability of populations and ring-species, based on (1) random
(micro-)mutations, (2) selection (which is regarded as a creative force), (3)
isolation and (4) random loss of genes (due to fluctuating population sizes
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and migration of populations). (The fifth factor, recombination, is dis-
cussed implicitly in the principles of population genetics). Haase-Bessell
emphasized the strong genetical polymorphism of populations and re-
jected Lamarckian inheritance and any kind of typology of taxonomists
and paleontologists (especially that of Schindewolf). According to the
author genetic and cytogenetic data have shown that life is monophyletic.
Mutations are random with respect to the adaptive requirements, but they
are not totally random, because of the inherent molecular structure of the
genes. Evolution is a gradual, continuous change of populations. Haase-
Bessell did not deal especially with macroevolution but emphasized that
the same evolutionary laws act everywhere (Haase-Bessell 1941 b, p. 39).

Gerhard Heberer (1943)

Heberer influenced the evolutionary Synthesis in Germany in two ways:
First, he organized and edited Die Evolution der Organismen (1943 a).
This collection is the most comprehensive statement of the Synthesis that
was published during its formation phase in Germany. It resembles
J. Huxley's The New Systematics (1940; see Hoûfeld 1997). The nineteen
authors predominantly argue from a selectionist point of view and are op-
posed to Lamarckian, saltationist and orthogenetic theories although they
sometimes leave room for non-selectionist factors. They were all Darwi-
nians, but only Heberer, Rensch, TimofeÂeff-Ressovsky and Zimmermann
can be considered architects of the Synthesis in a strict sense. The topics in
the book range from a philosophical analysis of the theory of descent
(Dingler 1943) and the refutation of typology (ZuÈ ndorf 1943; see also ZuÈ n-
dorf 1939±1942), to biological proofs of the theory of descent, methods of
phylogenetics, ethology, phylogeny of plants, animals and man and popu-
lation genetics, selection theory and macroevolution. Heberer clearly suc-
ceeded in bringing together a Darwinian synthesis that included a wide
range of biological disciplines (Hoûfeld 1999).
Second, in his own article in Die Evolution der Organismen (ªDas Typen-
problem in der Stammesgeschichteº, ªThe type problem in phylogenyº),
Heberer suggested a selectionistic and gradualistic theory of macroevolu-
tion (Heberer 1943 b). He showed that there is no difference between the
origin of taxa (ªtypogenesisº) and their adaptation (ªadaptogenesisº).
Types, i. e. taxa, do not evolve in jumps but rather gradually. All phenom-
ena of micro- and macroevolution, including phases of rapid evolutionary
change, can be explained by the theory of selection.

Franz Schwanitz (1943)

The botanist Schwanitz summarized genetics and population genetics of
plants in 1943 (see Reif 1999 a). His view of microevolution is in accor-
dance with the Synthesis. Schwanitz saw no reason to accept macroevolu-

The synthetic theory of evolution 73



tionary laws; however, he was willing to concede that higher taxa and
complex characters could originate from macromutations (see Stubbe &
Wettstein 1941).

VIII. German Bridge-Builders and the Lack of Success of the
German Synthesis

According to Ernst Mayr (1980 a, pp. 40±41) the Anglo-American archi-
tects of the Synthesis were especially suited for this task because they were
bridge-builders with a very wide scientific interest and with interdisciplin-
ary research experience. This is obviously also true for those German biol-
ogists working at the fore-front of the Synthesis. There is hardly any
doubt that Erwin Baur, Max Hartmann, Gertraud Haase-Bessell, Hans
Bauer, Walter Zimmermann, Gerhard Heberer and Bernhard Rensch had a
classical high-school education (ªklassische Bildungº) and had profited
from a very broad training during their university studies. Intensive inter-
disciplinary research experience can be found in the works of Baur (la-
boratory genetics, population genetics), Hartmann (transmission genetics,
developmental genetics, general biology), Zimmermann (systematics of
lower and of higher plant taxa, genetics, biogeography of clines and
demes, ecology, paleontology), TimofeÂeff-Ressovsky (genetics, population
genetics), Heberer (biogeography, comparative morphology, cytology, sys-
tematics) and Rensch (biogeography, taxonomy of lower taxonomic units,
ecology, comparative morphology and embryology). This shows that a
welding of laboratory biology and naturalistic biology (that was regarded
as so important for the formative years of the Synthesis by Mayr) had a
long tradition in Germany!
All these German authors were largely convinced that the five factors
(mutations, recombination, selection, isolation and drift) were sufficient to
explain microevolution and they saw no immediate need to suggest addi-
tional factors for macroevolution. There are other reasons why only
Rensch's book (1947) was recognized by the international audience as rele-
vant contribution to the Synthesis:
¨ German articles (in German journals, and even in international journals,

such as Rensch 1939) were not read internationally, at least not after
1945 (Hoûfeld 1998 a, pp. 129±130).

¨ Zimmermann (1930, 1938) had had not much influence in Germany and
virtually no international audience. Zimmermann book of 1948 can only
be understood if one knows his 1930- and 1938-books. This is why
Simpson (1949) could not deal in a fair way with Zimmermann (1948).

¨ TimofeÂeff-Ressovsky and Heberer did not write single-author books.
¨ Zimmermann and Heberer were not very successful in formulating their

ideas in an easily accessible way.
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¨ Heberer's multi-author book never had an international audience (there
were many reasons for this; Hoûfeld & Junker 1998; Hoûfeld 1999).

¨ Heberer never wrote a long treatise of modern evolutionary thought
after the war (Hoûfeld 1997).

¨ There was no German paleontologist to react against Schindewolf
(Schindewolf's critics were rather weak, see Reif 1986, 1993, 1997,
1999 a). This led to the fact that Schindewolf's magnum opus (1950) and
his publications after the war completely dominated the German scienti-
fic community of paleontologists (Reif 2000 a).

¨ TimofeÂeff-Ressovsky was taken back by the Soviet Army to the Soviet
Union in 1945 (Voroncov 1993).

¨ Heberer, Rensch and Zimmermann had little influence on the discussion
of evolution in German zoological and botanical circles after World
War II (Kraus & Hoûfeld 1998; Reif 2000 a; Junker 2000 b).

IX. Conclusions

1) The development of Darwin's evolutionary theory can be divided into
three stages: a) Original Darwinism (characterized by a pluralism of hard
and soft inheritance, after 1859), b) Neo-Darwinism (characterized by
hard inheritance, after 1885), c) Synthetic Theory (characterized by an em-
phasis of selection and other processes that take place within and between
populations; it was completed in the late 1940 s; the process that led to the
Synthetic Theory is called Evolutionary Synthesis).
2) The Synthetic Theory is understood (with a structuralistic perspective)
as a theory-complex that includes closely interconnected core-theories
(mutation, recombination, natural selection, isolation, drift, i.e. processes
that take place in and between individuals and in and between popula-
tions) and specifically excludes other hypotheses (orthogenesis, internal-
ism, saltationism etc.). The relative importance of the evolutionary factors
is still discussed. With regards to macroevolution the historical aspects of
the evolutionary process are emphasized but no new factors of evolution
are introduced. Hierarchical models that claim independent evolutionary
roles for higher units of complexity (species, ecosystems etc.) cannot be re-
garded as useful expansions of the Synthetic Theory.
3) Biologists, historiographers and philosophers of science do not agree
whether the Synthesis was as sudden event (spanning the time between
1937 and 1950) or whether it was a long-term event (starting no later than
1930), whether it was an international affair (that had its roots in the So-
viet Union) or whether it was largely an Anglo-American affair, whether it
was a scientific revolution or a fusion of research traditions (experimental-
ism and naturalism) or whether it was an eradication of anti-Darwinian
and/or untestable hypotheses (orthogenesis, internalism etc.) or whether it
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was a harmonization of theory-complexes of population genetics, com-
parative morphology, systematics and paleontology.
4) In order to put the historiography of the Synthesis on a firmer basis we
distinguish four phases: (1) Roots (1920 and before): Mendelian genetics,
mutation theory, chromosome theory of inheritance etc. (2) Preparation
(1920s and early 1930s): empirical and mathematical analysis of natural po-
pulations, biogeography of demes, populations and other low taxonomic
units. (3) Formation = process of the Synthesis (early 1930 s to 1950): har-
monization of population genetics, systematics, comparative morphology
and paleontology, extrapolation of the five microevolutionary factors ±
mutation, recombination, selection, isolation and drift ± to macroevolu-
tion. (4) Reception (after 1950): application of the Synthetic Theory in
modern research projects of population biology, ecology, systematics, bio-
geography, comparative morphology and paleontology.
5) In contrast to a widely accepted historiographical view the Evolution-
ary Synthesis was an international project. This is not only demonstrated
by the fact that the Synthesis had its first origins in the Soviet Union.
They were transferred to Germany by TimofeÂeff-Ressovsky (1925) and to
the USA by Dobzhansky (1927; see Adams 1994). Additional evidence for
its international character is provided by the significant number of Ger-
man biologists who contributed to the Synthesis. It therefore seems much
better to regard the Synthesis as an international long-term project (start-
ing no later than 1930) than as a kind of a scientific revolution starting
with Dobzhansky's Genetics and the Origin of Species (1937) and coming
as a surprise for most biologists (see Bauer 1938; Brito da Cunha 1988;
Mayr 1999 b). Dobzhansky's book provided no new theory but summar-
ized the necessary experimental and field data to evaluate the five evolu-
tionary factors (mutation, recombination, selection, isolation and drift).
However, there is no doubt that Dobzhansky's book can be regarded as
the first account that convinced a wide readership and summed up the re-
sults of the aimed at Synthesis.
6) Our account of some of the more important contributions to the
Synthesis by German authors supports some general impressions: Biolo-
gists from various areas were interested in the Synthesis. The largest group
were the geneticists (botanical as well zoological genetics): Baur, Hart-
mann, TimofeÂeff-Ressovsky, KuÈ hn, Melchers, von Wettstein, Stubbe,
Nachtsheim, Haase-Bessell, and Schwanitz. These authors were primarily
interested in the genetic basis of the Synthesis and in microevolution. The
most original and important authors in this group were Baur and Timo-
feÂeff-Ressovsky.
7) Mathematical population genetics was represented by PaÈtau and Lud-
wig. PaÈtau's publication was only a competent literature review; Ludwig's
much more sophisticated accounts contained also some original ideas. Sys-
tematics and biogeography were dealt with by Baur, TimofeÂeff-Ressovsky,
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Reinig, Zimmermann, and Rensch. Rensch did original research on specia-
tion and microsystematics and integrated these otherwise neglected ideas.
Zimmermann's special fields of interest were genetics, ecological biogeo-
geography and the classification of higher taxa. The integration of macroe-
volution and paleontology into the Synthesis was a major concern of Zim-
mermann, Rensch and Heberer. Heberer's (1943 b) article is written from a
theoretical perspective. Rensch's much more extensive papers and book
give a large amount of empirical evidence in addition. Neither Rensch nor
Heberer were paleontologists!
8) Nearly all of the authors (but clearly not Zimmermann) sympathized
vaguely with some kind of additional factor of evolution: directed muta-
tions, macromutations, or elimination were mentioned frequently. Only a
minority took it for granted that the known microevolutionary mechan-
isms are sufficient to explain all evolutionary phenomena. These factors
were not necessarily seen as a refutation of the Synthesis, but as comple-
ments.
9) Our account demonstrates that during the 1920 s, 30 s and 40 s a rather
large group of biologists in Germany was interested in Darwinian evolu-
tion and worked on problems from the perspective of the Synthesis. Zim-
mermann's Die Phylogenie der Pflanzen (1930) and his Vererbung ªer-
worbener Eigenschaftenº und Auslese (1938) had many drawbacks in
comparison to Dobzhansky (1937) in addition to the fact they were writ-
ten in German. The most ambitious publication that summarized the mod-
ern development of evolutionary biology in Germany and that aimed at a
Synthesis was Heberer's Die Evolution der Organismen (see the contribu-
tions to Junker & Engels 1999; Hoûfeld 1997, 1998 b, 1999; Junker 1999;
Reif 1986, 1999 a).
10) The German authors were well aware of the synthetic movement in
Great Britain and the USA, and vice versa. Neither Baur, Zimmermann,
TimofeÂeff-Ressovsky nor Rensch would have regarded their research as
ªGermanº. They worked on the Evolutionary Synthesis in Germany and
published in German, but the produced no ªGermanº version of the
Synthesis. The notion of a ªGermanº version of the Synthesis is some-
times inferred from the seeming lack of communication during the years
of the Third Reich and especially the war. Simpson (1949 b), for example,
claims that the scientific isolation between Central Europe and the USA
had lasted for more than ten years, i. e. it began before 1939. This isolation
hypothesis is very problematic because it is the basis for the idea that the
German Synthesis was a convergent, parallel event to the Anglo-American
Synthesis (e. g. Mayr 1988, p. 549). Implicitly this parallelism has been
used by some American authors as a test of the Synthetic Theory. If the
Germans came to the same conclusion as the Americans the Synthetic
Theory must be correct. However, if one regards the Synthesis as a long-
term project (starting no later than the early 1930 s) and dates the isolation
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only to the years 1942 to 1947 the ªGerman Synthesisº was not indepen-
dent from the ªAnglo-American Synthesisº.
11) German biologists participated in the preparation and formation of
the Synthesis. After the war there was almost no German contribution to
the reception of the Synthetic Theory, i. e. very few research programs
were directly influenced by the Synthetic Theory (see e. g. Barthelmess
1952). This development is significant and it explains, at least in part, why
the German contributions to the Synthesis were more or less forgotten
(Junker 2000 b; Reif 2000 a; Zachos & Hoûfeld 2000).
12) The fact that the historiography of the Synthesis was almost comple-
tely restricted to the USA was in part due to the language barrier and the
general neglect of German science after 1945. For Germany other influ-
ences have to be taken into consideration. The most decisive factor was
probably the alleged close connection between genetics, the theory of evo-
lution, and national socialism. Historians interested in the history of scien-
tific ideas were put off by the prospect of dealing with predominately
pseudo-scientific ideological concepts. Social historians on the other hand
published some accounts of German biology during the Third Reich, but
their special interest in the political context reinforced the impression that
the theory of evolution was mainly a political theory (e. g. Weingart, Kroll
& Bayertz 1989; Deichmann 1992; see also Junker 1996 b, 2000 a; Hoûfeld
1997, 1998 b, 2000; Junker & Paul 1999; Junker & Hoûfeld 2000). With the
exception of publications by Reif (1983, 1986) only in the last few years
this situation has begun to change and a growing interest in the scientific
concepts that were discussed during the 1930 s and 40 s in Germany can be
observed (see Junker & Engels 1999; BroÈ mer, Hoûfeld & Rupke 2000;
Hoûfeld & BroÈ mer 2000, in prep., July 2000).
13) In hindsight, i. e. after 1950, Mayr and Simpson saw the Synthesis as a
kind of Gestalt-switch that had been caused by Dobzhansky Genetics and
the Origin of Species (see f. e. Mayr 1999 b, p. xv). Our results, however,
show that many biologists (in the Soviet Union, in Germany, England and
in the USA) worked towards a synthesis (i. e. a harmonization of popula-
tion biology, biogeography, systematics and paleontology) since the early
1930 s (Zimmermann completed this harmonization for himself as early as
1930). If one avoids the `hard' historiography, which has become the lar-
gely accepted version in the USA, many problems vanish: (a) The Synth-
esis was an international affair, and it was not formed by two parties dur-
ing World War II in mutual isolation. (b) The Synthesis was no scientific
revolution or an otherwise unique or difficult to explain process. Rather it
was a rational interdisciplinary research project in which many biologists
of several countries were involved, that was only moderately reductionistic
(it focussed on the five evolutionary factors that control microevolution
and ± by inference ± also macroevolution and it expelled anti-Darwinian
and/or untestable speculations, such as orthogenesis, systemic mutations,
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saltationism etc.; see Junker in print c). (c) The so-called ªarchitectsº of
the Synthesis (Dobzhansky, Huxley, Mayr, Simpson, Stebbins, Rensch) did
not work in isolation. Rather they were successful and fast in giving inter-
disciplinary accounts of the modern views of evolution on the basis of
their research experiences and their broad interests. There were other
synthesists whose books were not so successful (Haase-Bessell, Reinig,
Heberer, and especially Zimmermann) and synthesists who did not write
books on evolution (Baur, TimofeÂeff-Ressovsky, etc.) (d) Because of the
unfavorable institutional situation of evolutionary biology and the strong
ideological opposition against the Darwinian research tradition the recep-
tion of the Synthetic Theory was delayed in Germany after 1945. In the
Anglo-American countries, on the other hand, there was an intensive re-
ception of the Synthetic Theory and an ongoing discussion of the unity of
evolutionary biology and the expansion of the Synthetic Theory. However,
up to the present we find no significant expansion or ± let alone ± refuta-
tion the Synthetic Theory.
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