
8 Evolutionary Biology—
Mayr’s Second Synthesis

The Princeton Conference in January 1947 showed that a consensus had been
achieved among geneticists, paleontologists and systematists and that evolution-
ary biology as an independent biological discipline had been established (Mayr
1997g). As an active community architect, Mayr was at the center of activities for
forming a Society for the Study of Evolution in 1946 and establishing its journal
Evolution, for which he served as its founding editor (1947–1949; see pp. 238–240).
He contributed enormously to the development of the new field of evolution-
ary biology during the following decades, in particular through his publications
on variation and population thinking, species concepts, the ontological status of
species, the dual nature of evolution (phyletic evolution [anagenesis] and speci-
ation [cladogenesis]), the unity of the genotype, and accident versus design in
evolution, as reviewed by Bock (1994a). Additional contributions concern discus-
sions of Darwin and Darwinism and of many philosophical aspects of evolutionary
biology like causality, teleology, essentialism, the advance of science and the auton-
omy of biology. His important papers on evolutionary biology have been reprinted
in two volumes of essays (1976m, 1988e). Most of Mayr’s work in evolutionary biol-
ogy refers to species-level changes rather than macroevolution, although he also
published some important work on this latter subject. He did not publish a text-
book on evolution, although his books of 1963(b) and 1970(e) come close and he
published many articles on general aspects of evolution and a modern exposition
of evolution (2001f). “Most biologists would probably name Mayr as the emblem-
atic, even iconic, figure of 20th century evolutionary biology. The centrality of his
role is attributable both to the multiplicity of ways in which he participated in
the creation of modern evolutionary biology and the effectiveness with which he
played these parts” (Wilkins 2007). I summarize below first his general overviews
of evolutionary biology or portions of it followed by a discussion of a series of
particular topics which he dealt with in separate articles.

Overviews of Evolutionary Biology

Mayr periodically analyzed and synthesized from diverse sources an enormous
amount of information on evolutionary biology which he presented as advanced
contributions to fellow biologists or as fairly elementary expositions for knowl-
edgeable readers. In these general articles he is a missionary or crusader against
the ignorance of the modern evolutionary synthesis, the distortion of biology by
molecular biologists, and the neglect of major personalities in the development
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of evolutionism. As a clear and convincing lecturer, he was a participant of most
symposia in this field during the 1960s and 1970s. When the National Academy
of Sciences in Washington celebrated its centennial in 1964, the president invited
Mayr (1964k) to present a lecture on the essentials of evolution in such a manner
that nonbiologists would understand what the current interpretation and open
problems were. He emphasized evolution’s early “invention” of sex, i.e., the ability
of different organisms to exchange genetic information with each other. In this
way, ever-new combinations of genes can appear and be tested by the environment
in every generation. Therefore Nature organized the well-integrated, coadapted,
harmonious genotypes into biological species each of them protected by isolat-
ing mechanisms which prevent the interbreeding between individuals of different
species and the formation of less viable organisms. New species may originate
through polyploidy (in plants) or through geographical speciation (in plants and
animals) leading also to ecological specialization. Mayr developed here for the first
time his concept of closed and open behavior programs in animals (see below) and
ended his presentation with an explanation of natural selection as a two-step pro-
cess, (a) the production of new genetic diversity (randomness predominates) and
(b) the selection of superior individuals (controlled by environmental demands).

In his contribution to a symposium on chemical evolution, Mayr (1964r) de-
scribed the contrast between the chemical unity of all organisms and the vast
diversity of life on earth. During much of evolutionary time the same basic chemi-
cal constituents or classes of chemical constituents have been utilized with a great
deal of modification of macromolecules. Evolutionary changes have been grad-
ual, controlled by natural selection, there was no threshold where a sudden jump
was made involving biochemical revolutions. “No case is known to me in which
a change in body chemistry initiated a new evolutionary trend. Invariably it was
a change in habits or habitat which created a selection pressure in favor of chemical
adjustment” (p. 1233). He concluded this lecture stating that “a healthy future for
biology can be guaranteed only by a joint analytical and systems approach.”

In 1967(b), Mayr challenged a rather strange mathematical interpretation of
evolution and emphasized the difference between biological and physical phe-
nomena, especially the uniqueness and great variability of biological processes in
contrast to physical processes. Speciation may be rapid or slow, evolutionary rates
may be high or low; different genes will be favored depending on population size.
Small founder populations of great evolutionary importance are usually not pre-
served in the fossil record. Mayr’s main objective here was to emphasize that the
simplistic and unrealistic assumptions in the equations of several mathematicians
and physicists were inadequate for a study of evolution. They had assumed that all
the individuals in a species are identical and a mutation has to spread through all
the individuals in the population, and this must be followed by another mutation,
and so on. On the basis of these unrealistic assumptions they had concluded that
the earth was not old enough to have permitted the enormous diversification and
adaptations of all organisms.

The report edited by Philip Handler on the status of the life sciences (p. 312)
was published under the title Biology and the Future of Man in 1970. Mayr had
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contributed the chapter on “The diversity of life” (with several coauthors but mostly
written by him; Mayr 1970h). While physicists deal with only a limited number of
elementary particles, biologists estimate that five to ten million (or more) different
species of organisms exist today, each of which represents a different genetic
system, and each member of these species is also genetically unique. The knowledge
of each species and a classification of related species are of biological and practical
importance (e.g., in biological control). Emphasizing the organismic aspects of
biology Mayr (1970h: 30) felt that “one day there must emerge a new philosophy
of science, based largely on the findings of biology rather than those of physics.”
Man is part of the evolutionary stream and continues to evolve. Evolutionary
biology provides the tools for a scientific approach to a study of the future of man.
Useful and noxious species of animals and plants must be studied in detail for pest
control and potential future use, respectively. An inventory of the world’s plants
and animals has progressed unevenly and is far from complete. The taxonomist
should continue to devote part of his research time to the description of new species
and to developing classifications which are essential in comparative biology and
represent important information retrieval systems.

At several symposia Mayr presented even two talks. For example, at the First
International Congress of Systematic and Evolutionary Biology in Boulder, Col-
orado, he spoke on “The unity of the genotype” (1975i) on 9 August 1973 and gave
an address entitled “The challenge of diversity” (1974c) at the All-Congress Din-
ner on the following evening. In this latter presentation he again emphasized the
importance of the study of organic diversity which, until fairly recently, had been
almost totally ignored by geneticists who concentrated on evolutionary change as
such, primarily on adaptation. Speciation, the origin of higher taxa and the entire
field of evolutionary innovation can only be studied through research on organic
diversity.

Overviews of neo-Darwinian evolutionary theory and clarifications of misun-
derstandings which Mayr published in Germany (where some outdated thoughts
on mutation and selection still prevailed) include his articles on “Selection and
evolutionary trends” (1965g), “Basic thoughts of evolutionary biology” (1969i),
and “How far have the basic problems of evolution been solved?” (1975h). Sev-
eral physicists who attended the latter lecture tried to demonstrate that there was
no difference between biological and physical (cosmic) evolution. Since that time
Mayr devoted more efforts to describe the differences between the concepts and
phenomena of the biological and the physical sciences. He published summaries
of “Evolution” (1978f), of “The current status of the problem of evolution” (1982k),
of “Natural selection” (1985e), and “An overview of current evolutionary biolo-
gy” (1991e) describing the theories of saltational, transformational (Lamarckian),
and variational evolution (Darwinism). The latter is contingent on variation and
selection and does not strive toward “perfection” or any other goal. Evolution
is opportunistic, hence unpredictable and consists of (a) the origin of diversity
(cladogenesis) and (b) the origin of adaptations (anagenesis). The discussion of
natural selection is facilitated by a distinction between (a) “selection of” and
(b) “selection for.” In almost all cases the target of selection are individuals, either
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single cell organisms or complex whole organisms, as in higher animals and plants,
or certain social groups of cooperating animals or early humans (see also 1986l
and 1990r). The question of “selection for” refers to what kind of traits might be
favored by selection.

Anti-reductionism. Mayr’s anti-reductionist (holistic) evolutionary attitude of an
“organismic naturalist” has been obvious since his attack on “beanbag genetics”
during the 1950s (see below) and since his repeated statements that the target of nat-
ural selection are the individuals of a population, rather than genes (as maintained
by the mathematical population geneticists). Despite his clear anti-reductionist
statements in his publications Mayr followed inexplicably and “unthinkingly” (see
below) the reductionist definition of evolution as given by the population geneti-
cists (evolution is “a change of gene frequencies in populations”) and stated in his
publications

“It [organic evolution] refers to a change in genetic properties from generation
to generation, owing to differential reproduction” (1959a, p. 8) and “Evolution
means change. To be more precise, it means the replacement of genetic factors by
others” (1963b, p. 168, quoted from Beurton, 1995).

During the 1970s, Mayr realized that the gene frequency definition as given by
the population geneticists is unacceptable, as it refers to a result of evolution, an
indirect by-product of the superior success of certain individuals. He also realized
that his previous acceptance of the reductionist definition has been a mistake and
contradictory to his own anti-reductionist attitude as expressed in his publications.
This realization did not mean a change in his theoretical attitude in the sense that
he only now became an anti-reductionist (as Beurton 1995 assumed), rather it
meant a correction of a mistaken definition as seen from his unchanged anti-
reductionist standpoint, a mistake he only now appreciated (Mayr 1969d: 126;
1976m: 307; 1977f: 45; 1980e: 12). From then on Mayr labeled the earlier reductionist
(genetic) definition as “absurd” (1984h: 126) and defined evolution as “a change in
adaptation and in the diversity of populations” or similar wording. He explained
the correction of his definition of evolution as follows:

“With the rise of population genetics, more and more frequently it was claimed
that the gene was the object of selection. […] This reductionist interpretation had
many consequences. It led, for instance, to a definition of evolution as ‘a change
of gene frequencies in populations,’ but although I myself accepted this definition
unthinkingly for 35 yr or so, I finally concluded that it was singularly mislead-
ing. This definition focuses on the entirely wrong hierarchical level. Evolution is
something that happens to whole organisms and populations. Evolution consists
of changes in the interaction of individuals (or their propensity to interact) and
is usually referred to as changes in adaptation, even though some of the struc-
tural and behavioral changes may have been the result of stochastic processes.
What is worse, the gene frequency definition of evolution completely ignores the
fact that changes in organic diversity (speciation and adaptive radiation) are an
equally important component of evolution. The changes in gene frequencies are
the result of evolution, not the reverse” (1986l: 235–236). And again: “Even before
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the synthesis, I, like most naturalists, was a holist. Evolution for me concerned the
whole organism, and the organism as a whole was the target of selection. This was,
of course, the Darwinian tradition. I admit that during the synthesis, I used the
standard formula of the geneticists that ‘evolution is a change in gene frequencies,’
even though it was actually incompatible with my holistic thinking. But I did not
appreciate this contradiction until many years later (Mayr 1977f)” (2004a: 125).

Post-synthesis developments. The task of evolutionary biology after the synthesis
of the 1940s was to convert the coarse-grained theory of evolution into a fine-
grained, more realistic one. For example, more attention was paid to stochastic
processes and pluralistic solutions (Mayr 1963b). It was increasingly understood
that recombination rather than mutation directly supplies the material for natural
selection. Molecular biologists discovered the fact that with minor exceptions,
there is only a single genetic code for all organisms, from the simplest prokaryotes
up. The one-way transfer of information from nucleic acids to the proteins (the
“Central Dogma”) explained why an inheritance of acquired characters is impossi-
ble. Other post-Synthesis developments include the recognition that all speciation
is simultaneously a genetic and a populational phenomenon; that selection is prob-
abilistic, not deterministic; that many genetic changes at the molecular level are
probably neutral or near-neutral (i.e., non-evolutionary); that the history of life
has been drastically affected by major extinctions that may have fallen largely at
random (Mayr 1988e: 525–554; 1991g: 141–164).

These discussions among evolutionary biologists have all taken place within
the framework of Darwinism. However, several authors construed them as indi-
cations that the Evolutionary Synthesis is incomplete or even needs to be replaced
by a new theory of evolution, a false claim that has been refuted effectively. Mayr
also repeatedly defended or clarified the modern concepts of evolutionary biology
in newspaper articles in order to reach the general public (1972a, 1984h,i, 1991d).
In his article on “The triumph of the Evolutionary Synthesis” (1984h) he criticized
the misconceptions of several young authors who implied “the end of the synthetic
theory of evolution and the rise of a new evolutionary theory.” Mayr ended this
review stating that “none of the recent developments contradicts or refutes the
basic Darwinian paradigm in any way whatsoever.” During the mid-1990s he dis-
cussed with fellow biologists “basic problems and misconceptions of evolution”
(1994p) and published a summary of the modern evolutionary theory (1996c).
“There are still so many people who deny evolution. You have to explain to these
people how overwhelming the evidence for evolution has become,” he said, when,
in the early 1990s, he started writing his manuscript of a new book, What Evolu-
tion is (2001f). In this book which appeared when he was 97 years old, he gives
a clear and concise exposition of modern evolutionary biology for all interested
persons, the best summary of uncontested evolutionary thought. After writing for
his fellow scientists during most of his life, he here spoke to the general public and,
in particular, to those persons who want to know more about evolution, to people
who accept evolution but are skeptical about the Darwinian explanation for it, and
to “creationists” to find out more about what they are up against (p. XIII). The
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material is clearly partitioned into three sections: (a) The existing evidence for
evolution, (b) the nature of the (adaptive) changes within a population (anagen-
esis) and (c) the origin and meaning of biodiversity (cladogenesis). Mayr here also
included a summary of many recent results of molecular biology and speciation
research. The virtues of this book are clear and concise discussions of, among
others, the following topics: Darwin’s five major evolutionary theses, natural se-
lection as a process of elimination, limits to the effectiveness of natural selection,
adaptedness as an a posteriori result of elimination, biological species, allopatric
and sympatric speciation, refutation of neutral evolution, altruism, a novel ecolog-
ical interpretation of geographical aspects of human evolution, and evolution as
a gradual populational process, whether at a relatively slow or relatively fast rate.

“In determining what qualifies as an adaptation,” Mayr emphasized (p. 149), “it
is the here and now that counts. It is irrelevant for the classification of a trait as an
adaptation whether it had the adaptive quality from the very beginning, like the
external skeleton of the arthropod, or acquired it by a change of function, like the
swimming paddle of a dolphin or a Daphnia.” Mayr here objects to the opinion of
some evolutionists who classified the latter alternative not as an adaptation but as
an “exaptation.”

As to progress in evolution, Mayr favored Richard Dawkin’s thesis which em-
phasizes its adaptationist nature: Progress is “a tendency of lineages to improve
cumulatively their adaptive fit to their particular way of life, by increasing the
number of features which combine together in adaptive complexes” (p. 215). Two
appendices of the book are especially interesting and deal with (1) criticisms that
have been made of evolutionary theory and (2) answers to frequently asked ques-
tions about evolution. Examples of new findings which are discussed and which
affect Mayr’s previous interpretations are sympatric speciation in cichlid fishes
and in host-specific insects as well as the origin of eyes in 40 branches of the
evolutionary tree. Salvini-Plawen and Mayr (1977d) had considered these to be in-
dependent convergent developments. Molecular biology has now shown that this is
not entirely correct, because a regulatory master gene (Pax 6) seems to control the
development of eyes in the most diverse branches of the evolutionary tree. Mayr
also answered in this book of 2001 the question whether intelligent life exists else-
where in the universe and said: “For all practical purposes, man is alone” (p. 263).
He considered the chance of successful communication with another civilization
in outer space an improbability of astronomical dimensions (p. 374).

“This book turns out to be an admirable, in fact masterful, summation of the
details of evolutionary principles. There is probably no other contemporary profes-
sional evolutionist who could articulate them as well as Mayr does” (H. L. Carson,
BioEssays 25: 91, 2002). Mayr was also very pleased over S. Stanley’s evaluation of
his book in a private letter: “Dear Ernst, You may remember that I mentioned I was
going to use your What Evolution Is book in my course on Darwin and Darwinism.
I did so at the start of the present term, and it worked beautifully. I had previously
been frustrated by the lack of anything like it. Your book is wonderfully logical
and lucid–also highly original in the way it lays things out” (April 7, 2004).
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Several significant stages in the modification of the evolutionary paradigm
since the late 19th century are listed in Table 8.1. These seemingly discontinuous
periods are, of course, broadly transitional. For example, the role of diversity
in evolution was stressed by the naturalists from Darwin on, but was almost
totally ignored by reductionistic geneticists into the 1930s. Mayr feels that none
of the new discoveries of molecular biology have required an essential revision of
Darwinism. New findings on sympatric speciation in certain freshwater fishes and
host-specific insects indicate that this mode of speciation is probably more frequent
than previously thought. A wide variety of evolutionary phenomena has become

Table 8.1. Significant stages in the modification of Darwinism (from Mayr 1991g: 144)

Date Stage Modification

1883; 1886 Weismann’s neo-Darwinism End of soft inheritance;
diploidy and genetic
recombination recognized

1900 Mendelism Genetic constancy accepted
and blending inheritance
rejected

1918–1933 Fisherism Evolution considered to be
a matter of gene frequencies
and the force of even small
selection pressures

1936–1947 Evolutionary synthesis Population thinking
emphasized; interest in the
evolution of diversity,
geographic speciation,
variable evolutionary rates

1947–1970 Post-synthesis Individual increasingly seen
as target of selection; a more
holistic approach; increased
recognition of chance and
constraints

1954–1972 Punctuated equilibria Importance of speciational
evolution

1969–1980 Rediscovery of sexual
selection

Importance of reproductive
success for selection
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increasingly obvious and multiple solutions to almost any evolutionary challenge
are apparent, e.g., the greatly varying age of species and varying morphological
differences between species and subspecies, the varying amount of gene flow
within species, varying occurrence of parapatry, and other phenomena. The new
frontiers of evolutionary biology, according to Mayr, are the molecular structure
and cohesion of the genotype and the role of development. However, the basic
Darwinian principles are more firmly established than ever.

Kutschera and Niklas (2004) dedicated an overview of “The modern theory
of evolution: an expanded synthesis” to Ernst Mayr on the occasion of his 100th
birthday. They emphasized the validity of the Darwinian paradigm and discussed
post-synthesis developments like the study of endosymbiosis, eukaryotic cell evo-
lution, phenotypic plasticity, and experimental bacterial evolution describing the
modern “evolution” of evolutionary theory which “remains as vibrant and robust
today as it ever was.”

Integrated Gene Complexes versus “Beanbag Genetics”

Based on his conversations with B. Wallace in Cold Spring Harbor during the
summer of 1950 Mayr began to think in terms of different selective values of genes
in a founder population as compared with the parent population and spoke of
“genetic background” and the importance of the “genetic environment” in evo-
lution (p. 219). In 1952(f) he pointed out in a review (p. 250) that “experimental
genetics until recently has been essentially single-locus-genetics. The student of
phylogenies, however, deals with integrated gene complexes.” In several later arti-
cles he advanced his theory of the importance of integrated gene complexes. His
summary for the 1955 Cold Spring Harbor (CSH) Symposium entitled “Integration
of genotypes: synthesis” (Mayr 1955h) was his first concerted attack on “beanbag
genetics,” a term not yet used here, but throughout the text he emphasized that
phenotypes and their evolution can only very incompletely be described in terms
of the genetic analysis of simple Mendelian characters and simple frequencies
of genes in natural populations but rather concern “entire genetic complexes.”
Further aspects stressed were (1) the “uniqueness which is responsible for the
numerous types of indeterminacy found in living organisms and their evolution”
(p. 331), (2) the multiplicity of answers which natural selection may find to an
environmental challenge (“multiple pathways of evolution,” Bock 1959), and (3)
the differences between closed laboratory populations and natural populations
which are open to gene flow. Although true introgression (i.e., gene exchange
among species) is rare in animals, intraspecific gene flow among populations is
widespread leading to the comparative uniformity of species over wide areas in
comparison to the striking deviations of isolated, usually peripherally, populations
(1955h, p. 332).

“It has often been stated that there will be no evolutionary advance in popula-
tions that are too small because their genetic situation is too precarious [Sewall
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Wright’s claim]. It is necessary to stress that owing to dispersal the same may well
be equally true for populations that are too large and with too much gene exchange
throughout the species” (p. 332). Mayr here repeated one of his main contentions
of his 1954(c) paper by saying that “population size […] becomes important for its
effect on the selective properties of genes” (p. 333). The same gene may be of high
selective value in large or panmictic populations but of low selective value in small
or inbreeding populations. Mayr’s final conclusion was that “population genetics
can no longer operate with the simplified concepts it started out with” (p. 333).

In his celebrated keynote introduction “Where are we?” to the 1959 CSH Sym-
posium, Mayr (1959f) stated that population genetics had two sources, (a) math-
ematical genetics of R. A. Fisher, J. B. S. Haldane, and Sewall Wright who had
established the power of natural selection, and (b) population systematics of Sum-
ner, Chetverikov [mentioned in the reprint 1976m], Timoféeff-Ressovsky, and
Th. Dobzhansky. Certain simplifying assumptions such as an absolute selective
value for each given gene were necessary to advance population genetics during
its early stages of development but should now be replaced by a more realistic ap-
proach. “The emphasis in early population genetics was on the frequency of genes
and on the control of this frequency by mutation, selection, and random events.
Evolutionary change was essentially presented as an input or output of genes, as the
adding of certain beans to a beanbag and the withdrawing of others. This period of
‘beanbag genetics’ was a necessary step in the development of our thinking” (p. 2).
Evolution was defined as a change in gene frequencies, the replacement of one
allele by another; thus it was treated as a purely additive phenomenon. Only very
few authors stressed interaction among genes, the integration of the genotype.

“Rereading this whole paragraph in 1984 I still insist that it was essentially
legitimate and did not justify the intense hostility which it engendered in Wright
as reflected in several of his papers published in the 1960s, 70s, and 80s. Of course,
Wright’s writings were not identical with those of Fisher and Haldane, who were
far more single-gene-reductionists, and Wright far more than they, considered the
genotype or gene pool as a whole, yet when one looks at his equations and graphs
there is no denying that he thought largely in terms of (1) closed populations, (2)
genes with constant selective values, and (3) a more or less independent selective
fate of individual alleles” (see also 1982d: 556).1 Coyne and Orr (2004: 3) concluded
that “Wright, who accepted both the biological species concept and allopatric
speciation, nevertheless largely ignored the topic.”

Mayr continued in this article (1959f) stating that the evolutionary synthesis
of the 1940s has not solved all the problems. How much there still remains to be
done he discussed under the headings Natural Selection, Gene and Chromosome,
Population, The Species, Peripheral Populations, and others. And again in the
summary: “In spite of the almost universal acceptance of the synthetic theory
of evolution, we are still far from fully understanding almost any of the more

1 Provine (1986: 482–484) discussed the differences and similarities of their views in some
detail concluding “that the ideas of Mayr and Wright on the mechanisms of speciation
are mostly complementary rather than contradictory.”
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specific problems of evolution” (p. 13). The great value of molecular biology should
not lead us to neglect the importance of evolutionary biology, which is of such
great importance for the understanding of man’s environment and the future of
mankind.

Mayr’s attack on “beanbag genetics” during the 1950s demonstrated his anti-
reductionist attitude. He continued to call attention to the frequency of epistatic
interactions among genes and to the general cohesion of the genotype. When dis-
cussing changing selective values of genes in different gene combinations, he has
called this concept, somewhat jokingly, the relativity theory of genes. He further
developed his theme of the unity of the genotype in Chapters 10 of his 1963(b)
and 1970(e) books calling also attention to this concept in his presentation at the
First International Congress of Systematic and Evolutionary Biology in Boulder,
Colorado in 1973 (Mayr 1975i). Here he stated that “free variability is found only
in a limited portion of the genotype. Most genes are tied together into balanced
complexes that resist change” (p. 377). Genes are not the units of evolution nor are
they, as such, the targets of natural selection. Rather, genes are tied together into
balanced adaptive complexes, the integrity of which is favored by natural selection.
This cohesion of the genotype permits the explanation of many unusual phenom-
ena of speciation and macroevolution, e.g., the evolutionary inertia or stagnation
of certain evolutionary lines, the sudden flowering or “explosive evolution” of cer-
tain previously long-stagnant evolutionary lines, and the conservative nature of
the Baupläne of the major animal types.

Animal Species and Evolution (1963b)

The manuscript for his course on “Evolution and speciation” at the University of
Minnesota in 1949 (p. 260) was the very first draft for a new book which eventually
appeared in 1963, a thorough and authoritative, masterly summation of the bio-
geography and natural history of species and speciation, a magnificent synthesis of
population genetics, variation, adaptation, the origin of new species, and adaptive
radiation. The evidence for allopatric speciation is summarized in detail. The uni-
fying theme of Mayr’s discussions is the impact of population thinking (as opposed
to typological thinking) on the present understanding of the species problem and
evolutionary processes. An attempt is made to counteract the modern trend to
forget all about the pioneers. In a number of areas the development of a concept is
traced backward to its earliest beginnings, e.g., geographical variation, polytypic
species, and speciation. Reviewers praised the excellent stimulating presentation
of the vast and highly complex mass of information in this book which, as its pre-
decessor of 1942, refers mainly to sexually reproducing animals, especially birds
on whose geographical variation and speciation so much work had been done.
However, Mayr draws examples from many other groups of animals as well. His
ideas on the gene pool and on the effect of separating a population into two or
more portions or establishing a small founder population are here expanded into
a general theory of the unity of the genotype and the integrated nature of the
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gene pool of a population which is held together in large populations by gene flow.
Reproductive isolation of a species is a protective device against the breaking up of
its well-integrated coadapted gene system. Small founder populations may “pass
from one well-integrated and stable condition, through a highly unstable period
to another period of balanced integration,” a genetic revolution (p. 538). Repro-
ductive isolating mechanisms here treated brilliantly are believed to arise as an
incidental by-product of genetic divergence in isolated populations and are defined
as follows: “Biological properties of individuals which prevent the interbreeding of
populations that are actually or potentially sympatric” (p. 91). Mayr’s reasons why
sympatric speciation is very unlikely, especially in birds and other higher animals,
are discussed in detail (“in not a single case is the sympatric model superior to
an explanation of the same natural phenomenon through geographic speciation,”
p. 476). The biological species concept, sibling species, secondary contact zones and
hybridization, avoidance of competition through occupation of different portions
of a habitat, isolating mechanisms and their occasional breakdown are further
topics convincingly and forcefully presented. Mass extinction of species “is always
correlated with a major environmental upheaval” (p. 620). Numerous studies have
since substantiated this suggestion. The final chapters treat (a) the evidence that
the process of evolution above the species level are a continuation of those respon-
sible for the origin of subspecies and species, i.e., macroevolution is a continuation
of microevolution, and (b) the human polytypic biological species and man’s evo-
lution. Several generations of graduate students have used this volume as their
major textbook which, like Mayr’s earlier book of 1942, remains a “classic.”

Leslie C. Dunn (1964) of the Zoology Department at Columbia University, New
York, who, over 20 years earlier, had invited Mayr to give the Jesup Lectures
praised this volume of 1963 as of “capital importance which everyone interested
in the history of modern science should know about. […] I know of no better
exposition of the integration which is occurring in biology through the joining
of systematics, paleontology, population genetics, and ecology in elucidating the
processes of speciation. There is only one term which describes the field which
combines all these–it is evolutionary biology, and this book is the evidence that
Ernst Mayr has become a master of it.”

The main topic of the 1942 book had been the origin of the discontinuity
between species, whereas in 1963 adaptive changes within populations were also
fully discussed in addition to the above topic. Gould (2002: 540–541) asked Mayr
about this difference of treatment. The latter “denied any personal augmentation
of adaptationist preferences through the intervening years” and explained this
difference in a private letter to Gould dated December 20, 1991 as follows:

“Dear Steve,
I gave considerable thought to your question how my 1963 book differed from

the 1942 one, and why adaptation was so much more featured in the later volume.
I think I now have the answer.

Remember that I consider evolution by and large to consist of two processes:
1) the maintenance and improvement of adaptedness, and 2) the origin and devel-
opment of diversity.
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Since (2) was so almost totally ignored by the pre-Synthesis geneticists, I fo-
cused in 1942 on (2). By the 1950s the study of diversity had been fully admitted
to evolutionary biology, owing to the efforts of Dobzhansky, myself, Rensch and
Stebbins, and in my 1963 book I could devote a good deal of attention to (1). This
was rather easy because, as you know, I used to be a Lamarckian. And Lamar-
ckians are adaptationists. Hence, it is not that from 1942 to 1963 I had become
an adaptationist, rather I reconciled in 1963 my adaptationist inclination with the
Darwinian mechanism.”

In one respect, Mayr had indeed become a stronger selectionist after 1942:
Several cases considered as evidence for neutral polymorphism in 1942 were re-
interpreted in the 1963 book as selectively balanced polymorphism because of
the absence of large fluctuations (Mayr and Stresemann 1950f, Mayr 1988e: 528).
However, generally speaking, more and more authors of the post-Synthesis pe-
riod pointed out the existence of stochastic processes and constraints to selection
preventing the achievement of “perfection.”

Mayr published a new abridged version of the above book of 1963 under the title
Populations, Species, and Evolution (1970e). Despite its subtitle An Abridgement
of Animal Species and Evolution it is largely rewritten with many new ideas and
discussions, but remains one of the least read of Mayr’s books among evolutionists
(Bock 1994a), largely because it was presented as an abridged version. Especially
the chapters dealing with species concepts, genetic variation, and the genetics of
speciation contain much new material. Mayr now deleted the ambiguous expres-
sion “actually or potentially” from his new species definition : “Species are groups
of interbreeding natural populations that are reproductively isolated from other
such groups” (p. 12).

Behavior and Evolution

Throughout his life Ernst Mayr was interested in the behavior of animals beginning
with his intimate observations of bird behavior during his youth (p. 24). In later
years he published occasionally brief notes on his behavioral observations of
certain bird species (1941l, 1948f,g) and was particularly interested in behavioral
isolating mechanisms between closely related species. An outcome of this interest
were his experimental studies on the behavior of two species of Drosophila flies
(p. 228). Also about half of his graduate students chose behavioral topics for
their thesis work (9 of 16 PhD students, p. 262). During the 1960s and 1970s,
Mayr repeatedly discussed the relations between behavior and evolution in his
text books (1963b, 1970e) and in a series of articles (1958g, 1971c, 1974j, 1976c,
1977c). While behavioral characters are quite important at the species level, Mayr
found that relatively few higher taxa possess diagnostic behavioral features. The
first paper mentioned above (1958g) also lists cases where analogous behaviors
were acquired by unrelated groups and others where a study of behavior led to
an improvement of classification. This paper shows also that behavior is often
the pacemaker in evolution, a behavior pattern appearing prior to the origin of
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more specialized, facilitating structures. In 1974(j) Mayr discussed his concept of
closed and open behavioral programs in more detail than previously as well as
their respective roles in evolution. Most organisms have a fixed (closed) program
for certain “purely instinctive” activities. Other behaviors are steered by previous
experience (open programs), particularly in species which have a long period of
parental care, when sufficient time for learning exists in the offspring. However,
an open program is by no means a tabula rasa and certain types of information
are more easily incorporated than others. Mayr concluded that display activities
which are in part permitting the recognition of conspecific individuals must be
based on closed programs. There is no opportunity for learning, and any errors
in such behavior are usually strongly selected against. On the other hand, non-
communicated behavior deals largely with the exploration of the environment,
and flexibility of this type of behavior (open programs) should be of selective
advantage. Later suggestions that sexual selection may play an important role in
the evolutionary change of behavioral isolating mechanisms indicated that some
programs for courtship behavior and pair formation are less closed than Mayr had
expected such as those of, e.g., the strikingly different geographical representatives
of several groups of birds of paradise (Parotia, Astrapia, Fig. 4.15). Since these
are relatively recent species the change probably occurred rather rapidly without
having been greatly impeded by any selection for maintenance of the ancestral
species recognition marks. P. Ekman (1998: 386) commented favorably on Mayr’s
distinction between open and closed programs in his Afterword to the reprint
edition of C. Darwin’s The Expression of the Emotions in Man and Animals.

Particular Topics of Evolutionary Biology

Parasites. At a symposium on the co-evolution of parasites and their vertebrate
hosts in Neuchatel, Switzerland in 1957, many cases of “host transfer” were dis-
cussed which prevent a complete parallelism between the classifications of para-
sites and vertebrate hosts. Also, the rate of morphological change in different lines
of parasites is unequal (Mayr 1958b).

Evolutionary novelties. At the Darwin celebration organized by the University of
Chicago Mayr (1959d) discussed the emergence of evolutionary novelties which
neither Rensch nor Simpson in their recent books dealing with macroevolution
had treated in detail. Mayr stressed the importance of a change in function and
the fact that evolutionary novelties are in most cases acquired gradually. During
the new wave of saltationism in the 1970s, this paper which established gradual
evolution so well was almost completely ignored.

Chance and necessity. At another Darwin Centenary Symposium in Australia,
Mayr chose as the subject of his contribution the eternal problem of chance or
necessity in evolution, or as he called it, “Accident and Design, the Paradox of
Evolution” (1962b). He again emphasized here that natural selection is a two-
step process, the first step consisting of the production of genetic variability and
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dominated by chance (mutation and recombination), and the second step, the dif-
ferential survival and reproduction of the new generation, determined by natural
selection. Other aspects of adaptation and selection were also dealt with. His final
conclusion was: “The solution of Darwin’s paradox is that natural selection itself
turns accident into design” (p. 14). He was aware, of course, that natural selection is
always constrained by the potential of the existing genotype, i.e., by the preexisting
general morphological construction of an animal or plant.

During the course of evolution the overall amount of variation produced varied
and “periods of high phenotypic variation (as in the Pre-Cambrian, Cambrian)
have alternated at other geological periods with periods of relative stasis. As natural
selection is active at all periods, it would seem that evolutionary change depends
more on the availability of variation than that of selection. […] What environ-
mental factors favor high variability? What others favor stability?” are challenging
questions, as Mayr (2005) emphasized in his last publication, a Foreword to a book,
Variation. A central concept in biology.

Adaptation. The topic of adaptation is treated in many of Mayr’s publications from
the 1950s onward and has been occasionally the subject of separate articles. At the
International Ornithological Congress in Helsinki 1958 he introduced a sympo-
sium on adaptive evolution stressing “that not every aspect of the phenotype is
necessarily adaptive. What is being selected is the total phenotype and through
it the total genotype […] The phenotype is almost always a compromise between
several opposing selection pressures” (1960e, pp. 496–497). The word adaptation
refers to the condition of being adapted. To counter claims in the literature that
a major part of evolution is “Non-Darwinian,” effected by neutral genes and neu-
tral characters, Mayr (1982f) discussed several concepts of evolutionary biology,
particularly adaptation and selection, and concluded that none of the new insights
necessitate any essential correction of the basic neo-Darwinian theory. Since the
individual as a whole is the target of selection, many neutral or even slightly dele-
terious genes may be carried in a population as “hitch hikers” of favorable gene
combinations. Selection never succeeds in achieving perfection because of chance
factors and several constraints of which Mayr (l.c.) listed no less than seven. In
his defense of the “adaptationist program” (which attempts to determine what
selective advantages have contributed to the shaping of the phenotype), Mayr
(1983a) concluded that “its heuristic power justifies its continued adoption under
appropriate safeguards.”

Sexual selection. Darwin’s most useful thesis of sexual selection was hardly ever
mentioned during the first two-thirds of the 20th century, the age of genetics,
and none of the architects of the evolutionary synthesis discussed the presumed
significance of sexual selection as an evolutionary factor. Some reasons for this
neglect are: (1) The assumption that the gene rather than the individual is the target
of selection virtually wiped out the distinction between the two kinds of selection,
(2) during the evolutionary synthesis the emphasis was on speciation and those
aspects of behavior that served as isolating mechanisms. This drew attention away
from the behavioral interactions of conspecifics which is where sexual selection
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takes place (Mayr 1992f). Mayr (1963b: 199–201) called attention to this neglect
and Ghiselin (1969) dealt with sexual selection in more detail. Revival of general
interest in sexual selection occurred during the centenary of the publication of
Darwin’s Descent of Man in 1971 and led, in 1972, to the publication of a book
edited by B. Campbell, to which Mayr (1972g) contributed an essay on sexual and
natural selection. Here he discussed female choice, females’ sense for “beauty,”
struggle among males and features which do not contribute to the fitness of the
species but merely to the reproductive success of the possessor of these characters.

Speciational evolution. The theory of “punctuated equilibria” (Eldredge and Gould
1972) was based on Mayr’s views of peripatric speciation in founder populations
(1954c, 1982l), but claimed that all species enter pronounced stasis after completion
of the speciation process. In other words, evolutionary change occurs exclusively
during speciation. These claims of the prevalence of total stasis and of the impossi-
bility of evolutionary change without speciation, are clearly invalid. Mayr (1982p,
1989i, 1999g) clarified the false claims and misunderstandings associated with
“punctuationism” and, like other authors, admitted its stimulating impact on evo-
lutionary discussions and the conduct of fruitful empirical research. Speciational
evolution is fully consistent with Darwinism. The discussion of punctuationism
“finally brought general recognition to the insight of those who had come from
taxonomy (Poulton, Rensch, Mayr) and had consistently stressed that the lavish
production of diversity is the most important component of evolution” (1989i,
p. 156).

Haeckel’s “biogenetic law.” Based on the observations of earlier authors Haeckel,
during the 1860s, became enthusiastic about the phylogenetic information content
of the embryological development of animals and formulated the slogan: “On-
togeny is the short and rapid recapitulation of phylogeny.” However, he failed
to provide a convincing causal explanation assuming that phylogeny worked like
a physiological process. Mayr (1994l) reviewed the history of the “biogenetic law”
and showed how often proximate (physiological or genetical) and ultimate or evo-
lutionary causations were confounded in attempts at explaining recapitulation. He
emphasized that this phenomenon must be explained not only physiologically but
also in terms of ultimate causations, i.e., recapitulated features must have some
function to be preserved by natural selection. It became obvious in recent decades
that recapitulated ancestral features were necessary stages in the developmental
process; each stage has a causative influence on the next following stage. The
inducing capacities of the surrounding embryonic tissues serve as “organizers”
and form a somatic program. The gill arch system of the human embryo was
preserved by natural selection because it was needed. It serves as the somatic
program for the further development of the neck region in the embryo. This is
the basis of an ultimate explanation for recapitulation, which also permits an
explanation of why recapitulation is so irregular. Some characters are recapitu-
lated, others are not, because some ontogenetic developments require a somatic
program, others do not. The reason for this difference, however, is not yet clear.
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Ontogeny recapitulates—with minor or major deviations—the ontogenetic (but
not the adult) stages of the ancestors.

Human blood groups and schizophrenia. While still in New York Mayr argued re-
peatedly with Dobzhansky as to the meaning of blood group polymorphism in
man. The latter was convinced of the neutrality of the differences, while Mayr
seeing how many cases of polymorphism had been discovered in recent years to be
balanced polymorphism, was convinced that blood group frequencies were con-
trolled by selective compromises. Dr. Louis K. Diamond made all the blood group
data of the Children’s’ Hospital in Boston available. However, the frequencies of
the A, B, O blood groups of the so-called “blue babies” who had gone there for
heart surgery, were almost exactly those of the Boston population. Mayr’s former
associate on the Whitney South Sea Expedition, Dr. Hannibal Hamlin, who had
become a neurosurgeon, made the blood group data of the Neurology Division
of the Massachusetts General Hospital available. Most of the hard work of this
research was done by Mayr’s wife Gretel, who copied all the blood group data
from thousands of patients’ files in several Boston and New York hospitals. There
was one malignancy adenoma of the pituitary gland which strikingly deviated
from the Boston population and from other brain tumor (a considerable excess
of blood group 0 was found). Other medical studies in the meantime also clearly
established a correlation between certain blood group frequencies and certain
pathologies. The idea that the blood groups were a neutral polymorphism was
thereby refuted.

Mayr has also been interested for a long time in the genetic basis of schizophre-
nia and, with J. Huxley and two medical colleagues, developed a model of bal-
anced polymorphism for it (1964o). Schizophrenia probably depends primarily
on a major dominant gene, Sc, with about 25 percent penetrance, that is, is man-
ifested in only 25 percent of the carriers of this gene. The authors concluded that
the Sc gene may be in morphic balance conferring certain selective advantages to
compensate for its obvious disadvantages.

“For many years I have been trying to get the psychiatric community to take
a greater interest in the problem, but without success. The arguments of course are
always the same, it is a syndrome that is difficult to diagnose, it is highly variable
and no one knows whether it is one or several diseases, it has a large environmental
component, etc. To me these defeatist arguments do not make any sense. I agree
with Popper that one cannot advance in science unless one proposes models that
can be falsified. Sclater’s genetic model for the inheritance of schizophrenia, as
well as the Mayr-Huxley model of morphism, are models that can be disproven.
This is entirely independent of the question whether or not schizophrenics can be
chemically identified and whether or not such chemical components are cause or
effect. […] If the paper in Nature stimulates further research I will be happy even
if this research should lead to a falsification of the proposed model” (letter dated
February 1, 1965).

In a later status report Mayr (1972b) concluded “that there can no longer be
any argument about the existence of genetic factors in schizophrenia” (p. 530).
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This encouraged the search for new approaches in the treatment of this disease.
Mayr emphasized the need for an adequate consideration of multiple causation,
“a process particularly important in the shaping of the phenotype,” for which both
genotypic and environmental factors are important. The purely environmental
theory of schizophrenia has been abandoned.

Explanations of concepts and definitions of terms. The clarity of discussions of the-
oretical concepts depends on clear definitions of terms. Therefore Mayr included
in most of his books detailed glossaries and published an article on the “Ori-
gin and history of some terms in systematics and evolutionary biology” (1978c),
many of which he had proposed or introduced from foreign languages into the
English literature. Examples are: allopatric, cladogram, founder principle, genetic
revolution, nondimensional species, phenetics, population thinking, semispecies,
sibling species, superspecies, teleonomic and others. He discussed and analyzed
repeatedly theoretical concepts like “Darwinism,” “adaptation” and “selection.”
As late as 1997(e), Mayr devoted a discussion to the subject of selection coining the
new term “selecton” for the target or object of selection (the gamete, the individual
organism, and certain social groups of cooperating animals or early humans).
However, there is no “species selection,” because the species as an entity does not
answer to selection. When one species replaces another one due to competition,
then this “species turnover” is due to individual selection discriminating against
the individuals of the losing species. The expression “selection for” is used for
any aspect of the phenotype (or the phenotype as a whole) that favors survival or
reproductive success and which, therefore, will be favored by selection.




