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The use of ‘race’ as a proxy for population structure in the genetic mapping of complex traits has pro-
voked controversy about its legitimacy as a category for biomedical research, given its social and political
connotations. The controversy has reignited debates among scientists and philosophers of science about
whether there is a legitimate biological concept of race. This paper examines the genetic race concept as
it developed historically in the work of Theodosius Dobzhansky from the 1930s to 1950s. Dobzhansky’s
definitions of race changed over this time from races as ‘arrays of forms’ or ‘clusters’ in 1933–1939, to
races as genetically distinct geographical populations in 1940–1946, to races as genetically distinct ‘Men-
delian populations’ in 1947–1955. Dobzhansky responded to nominalist challenges by appealing to the
biological reality of race as a process. This response came into tension with the object ontology of race
that was implied by Dobzhansky’s increasingly holistic treatment of Mendelian populations, a tension,
the paper argues, he failed to appreciate or resolve.
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1. Introduction

The theories and techniques of population genetics have be-
come important in addressing challenges faced in the genetic map-
ping of complex traits in this post-Human Genome Project era.
Much mention is made of ‘population structure’, which is seen as
both a help and a hindrance. Population structure is considered
helpful insofar as the uneven distribution of alleles at loci across
human groups is harnessed by such techniques as admixture map-
ping (Chakraborty & Weiss, 1988). Population structure is consid-
ered a hindrance insofar as false positives arise in the discovery
of genetic correlations when the trait of interest varies in fre-
quency across human groups (Cardon & Palmer, 2003). The use
of ‘race’ as a proxy for population structure has provoked contro-
versy concerning whether it is a legitimate category for biomedical
research given its social and political connotations. Specific contro-
versy in the US, for example, surrounds biomedical use of the Office
of Management and Budget categories of race and ethnicity, which
were devised for the very different purpose of monitoring compli-
ance with civil rights legislation. More generally, there are well-
justified concerns raised by the history of scientific racism, which
has left race with a dubious scientific status.
ll rights reserved.
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It is widely assumed that as a result of the evolutionary synthe-
sis and rise of population genetics, populations replaced races in
genetic research, with race becoming an illegitimate concept in
biology. The assumption is not wholly accurate, however (Gannett,
2001; Reardon, 2004). The evolutionary synthesis and rise of pop-
ulation genetics saw race redefined in populational terms—and not
just as one kind of population. The geographical race concept per-
sisted, in which races are defined as spatially separated subgroups
of a species that differ in their phenotypic traits, whether abso-
lutely (presence/absence of a trait) or relatively (frequency of a
trait). Geographical races possessing sufficiently pronounced phe-
notypic differences continued to be given trinomial names and
treated as subspecies by taxonomists (e.g., Mayr, 1942). The con-
cept of an ecological variety or ecotype also persisted, proposed
originally as an ‘ecological unit to cover the product arising as a re-
sult of the genotypical response of an ecospecies to a particular
habitat’ (Turesson, 1922, p. 112). And the genetic race concept,
which defines races as subgroups of a species that differ in gene al-
lele or chromosomal type frequencies, whether absolutely (pres-
ence/absence of an allele or chromosomal type) or relatively
(frequency of an allele or chromosomal type), was itself a product
of the evolutionary synthesis (e.g., Dobzhansky, 1944a).
genetic race concept. Studies in History and Philosophy of Biological and Bio-
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My focus in this paper is on the genetic race concept and its
development in the work of Theodosius Dobzhansky, one of the
‘architects’ of the synthesis, founders of the discipline of the genet-
ics of natural populations, and proponents of the ‘new systematics’
(Cain, 2009). The genetic race concept has an especially close tie to
present-day developments in the genetic mapping of complex
traits: on this definition, race is not a proxy for population struc-
ture but itself the measure of population structure. Consider this
metaphorical formulation of the genetic race concept by Harvard
geneticist Daniel Hartl:

By way of analogy, the human gene pool is composed of a num-
ber of smaller pools—puddles—like the water puddles on a
gravel street after a heavy rain, all interconnected in tiny rivu-
lets through which material flows from one to the next. If one
examines the puddles closely, one sees that they are not identi-
cal . . . . But the differences are quantitative, not qualitative. The
puddles are distinguished by how much or how little they have
of each component and not by whether or not they possess the
constituent. No puddle is completely isolated, so whatever one
puddle has in abundance travels through the rivulets to the oth-
ers. Because of this structure, the puddles form one large, inter-
connected unit, but a unit with local differences. The puddles in
the analogy represent races—groups whose allele frequencies
differ from those of other groups. (Hartl, 1985, pp. 367–368;
bold in original)

Hartl’s puddle analogy for race is reminiscent of Dobzhansky’s rep-
resentation of species as hierarchically-structured systems of ‘gene
pools’ 35 years earlier: ‘species are differentiated into complexes of
subordinate Mendelian populations, which may be referred to as
subspecies, races, or local populations. Each of these subordinate
gene pools may, like the gene pool of the species, be uniquely char-
acterized in terms of frequencies of gene alleles and chromosome
variants. The smallest Mendelian populations are panmictic units’
(1950, p. 405).

This paper is concerned with the coherence of the genetic race
concept as it arose in the work of Dobzhansky, specifically with re-
spect to the ontological status of race. I will argue that Dobzhan-
sky’s defence of the reality of race failed to appreciate the full
ramifications of tensions implicated in his account. Dobzhansky
had not always been confident about the reality of race, at least
race construed in population genetic terms. He came to this posi-
tion over a period of 15 to 20 years. The following three sections
of the paper trace the historical course of these developments. Sec-
tion 2 outlines Dobzhansky’s early views on classification from
1933 to 1939: at this time, he considered races to be ‘natural’
groups only if they were discrete ‘arrays of forms’ or ‘clusters’
without the ‘physiological isolating mechanisms’ that characterize
species. As Dobzhansky’s research program on the ‘genetic struc-
ture of natural populations’ got underway, he abandoned the tradi-
tional taxonomic race concept and introduced the genetic race
concept, which redefined races as genetically distinct populations,
with populations, in turn, considered to be geographically delim-
ited groups of organisms. Section 3 covers this period between
1940 and 1946. Subsequently, however, populations came to be
defined as ‘reproductive communities’ or ‘Mendelian populations’,
and during the years from 1947 to 1955, such populations were
represented in increasingly holist terms as spatio-temporal enti-
ties, what, today, we would call ‘biological individuals’. Section 4
is about these developments and what it meant for races to be-
come genetically distinct Mendelian, rather than geographical,
populations. Although lack of discreteness impugned the reality
of races, whether defined as arrays of forms or genetically distinct
geographical or Mendelian populations, throughout this entire
time period from 1933 to 1955, as well as in subsequent years,
Dobzhansky defended the reality of race, usually by appealing to
Please cite this article in press as: Gannett, L. Theodosius Dobzhansky and the
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its nature as a dynamic, not static, concept. This effort was ulti-
mately unsuccessful, I argue in Section 5.

2. ‘Natural’ races as ‘arrays of forms’ or ‘clusters’, 1933–1939

Dobzhansky came to study the genetic structure of natural pop-
ulations from a background influenced not only by his experiences
as a laboratory geneticist who began his career in the US as a post-
doctoral fellow of T. H. Morgan’s at Columbia University but as a
taxonomist and naturalist from his earlier life in Russia. Dobzhan-
sky’s Russian years promoted an understanding of race as involv-
ing the geographical patterning of genetic and morphological
differences. His very first publication in 1918, when he was just
18 years old, described a new species of ladybird beetle found in
Kiev, where he lived, and species from the family Coccinellidae re-
mained the focus of his taxonomic activities during subsequent
decades. In a 1933 taxonomic survey, Dobzhansky distinguished
between ‘geographical and non-geographical variability’ in Coccin-
ellid species in two ways. First, ‘geographical forms’, also called
‘subspecies, races, natio, varieties, or ‘‘local’’ forms’ (p. 121), are
those that ‘predominate in a definite part of the area inhabited
by the species, and never or seldom occur outside of the confines
of this part’, whereas ‘non-geographical forms’ are found through-
out the species distribution or without ‘clear distinction’ between
‘populations inhabiting different regions’ (pp. 121–122). Second,
‘geographical forms’, whether ‘geographical races in wild species’
or ‘geographical races in man and in the domestic animals and
plants’, ‘are characterized by complexes of differences permeating
the whole body’, with differences in many underlying genes likely,
whereas ‘non-geographical forms’ involve ‘single characters’ or a
small number of characters determined by a single gene (pp.
122–123).

For Dobzhansky, the morphology and geography associated
with ‘geographical forms’ were largely inseparable: for example,
he referred to the ‘Caucasian race’ of Coccinella quinquepunctata L
that ‘is lighter than the European race’ and ‘a very light race of Coc-
cinella divaricata’ that lives in the region of ‘Transcaucasia’ (pp. 104,
113). But note that ‘geographical’ forms also included ‘races’ in
domesticated plants and animals, even though these are often
not geographically dispersed. Morphological differences among
organisms were the basis for racial classification, not population
genetic differences. During the mid- to late 1930s, Dobzhansky
conceived of race in traditional terms: ‘race’ was a taxonomic cat-
egory and races were taxonomic ‘groups’, which, for Dobzhansky,
meant not populations but ‘arrays of forms’ or ‘clusters’. Dobzhan-
sky’s views on classification are outlined in his 1935 article ‘A Cri-
tique of the Species Concept in Biology’, which was published in
Philosophy of Science, and his 1937 book Genetics and the Origin of
Species, which is widely regarded as the most important text of
the evolutionary synthesis.

The 1935 article reveals Dobzhansky to be a philosophically
reflective scientific practitioner; the journal Philosophy of Science
had launched the previous year and already included contributions
from other scientists such as Einstein, Fisher, and Muller. At this
time, Dobzhansky held traditional, even Aristotelian, views about
classification: in an ‘ideal classification’, he wrote, ‘knowledge of
the position of an organism . . .would permit the formation of a suf-
ficient number of deductive propositions for a complete descrip-
tion of this organism’ (1935a, p. 345). Given his status as one of
the architects of the evolutionary synthesis, it might surprise some
readers to discover that organisms, not populations, were Dobz-
hansky’s units of classification. At the time of a 1962 Wenner-Gren
Foundation meeting on classification and human evolution, Mayr
characterized the statement ‘that we must classify populations
rather than objects’ as sounding ‘almost like a platitude’ (p. 333).
But for Dobzhansky, in 1935, this was not the case. Dobzhansky
genetic race concept. Studies in History and Philosophy of Biological and Bio-
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held that ‘The only biological category possessing an undisputable
ontological significance is that of a living individual’ (1935a, p.
344), i.e., an organism, though he allowed for ‘the existence of indi-
vidualities of different orders’ in the cases of ‘symbiotic and colonial
forms’ (p. 344). Dobzhansky agreed with traditionalists that organ-
isms should be classified into races, species, genera, families, etc. on
the basis of similarities and differences in their (largely intrinsic)
properties. He distinguished between ‘natural’ and ‘artificial’ classi-
fications of organisms. Natural classifications group organisms on
the basis of ‘empirically existing discontinuities in the materials to
be classified’ (p. 345), whereas, according to Dobzhansky, ‘in a con-
tinuously varying world only a purely artificial classification would
be possible’ (p. 346). Interestingly, Dobzhansky allowed that the
‘naturalness’ of a classification can vary quantitatively, that ‘more
and less natural classifications are possible’ (p. 345): ‘A classification
is the more natural,’ he wrote, ‘the larger is the number of disconti-
nuities it subsumes in each division’ (p. 345).

Regarding these ‘empirically existing discontinuities in the
materials’, there are several points to note, points that again might
seem surprising given Dobzhansky’s status as a new systematist
and architect of the evolutionary synthesis. Recall Darwin’s famous
passage from the Origin of Species:

All the foregoing rules and aids and difficulties in classification
may be explained, if I do not greatly deceive myself, on the view
that the natural system is founded on descent with modifica-
tion; that the characters which naturalists consider as showing
true affinity between any two or more species, are those which
have been inherited from a common parent, and, in so far, all
true classification is genealogical; that community of descent
is the hidden bond which naturalists have been unconsciously
seeking, and not some unknown plan of creation, or the enunci-
ation of general propositions, and the mere putting together
and separating objects more or less alike. (Darwin, 1859, p. 420)

Dobzhansky, in contrast to Darwin, held that a natural classification
system may be, but does not have to be, based on descent: descent
was only one of a number of possible empirical discontinuities.
Dobzhansky wrote explicitly in a footnote that restricting natural
classification to ‘classification based on the hypothetical common
descent’ of organisms is ‘unjustified’, in part because for most
groups descent relations are unknown, but additionally because it
is doubtful that ‘the degree of similarity between the organisms is
always proportional to the closeness of their blood relationships’
(1935a, p. 345). Another possibly surprising point is that despite
Mayr’s well-known characterization of the ‘morphological species
concept’ as outmoded (1942, pp. 115–118), Dobzhansky allowed
for morphological features to be used as a basis for natural classifi-
cation. In fact, the soon-to-be author of Genetics and the Origin of
Species mentioned mostly phenotypic characteristics among the
empirical discontinuities that were to form the basis of a natural
classification. In Dobzhansky’s words, ‘Any apparent discontinuity
may serve as a basis for construction of a natural classification.
Organisms vary in color, size, in external and internal structures,
in their physiologies, in descent, etc.’ (p. 345).

Hence, irrespective of taxonomic level, organisms belong to nat-
ural groups in virtue of the (largely intrinsic) properties they share
with one another. Dobzhansky referred to such groups as ‘arrays of
forms’, ‘clusters’, etc., and understood the morphological and phys-
iological similarities of organisms belonging to taxonomic groups
to be caused by underlying genetic similarities: ‘every discrete
group owes its distinctness from all other groups to a definite
and unique system of genes it carries’ (p. 345). Dobzhansky was
sympathetic to Wright’s ‘shifting balance’ theory of evolution and
held that such ‘definite and unique system[s] of genes’ had arisen
as the result of natural selection:
Please cite this article in press as: Gannett, L. Theodosius Dobzhansky and the
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If the entire ideal field of possible gene combinations is graded
with respect to the adaptive value, we may find numerous
‘adaptive peaks’ separated by ‘valleys’. The ‘peaks’ are the
groups of related gene combinations that make their carriers
fit for survival in a given environment; the ‘valleys’ are the more
or less unfavorable combinations. Each living species or race
may be thought of as occupying one of the available peaks in
the field of gene combinations. (Dobzhansky, 1937a, p. 187)

In the opening chapter of Genetics and the Origin of Species, Dobz-
hansky marvelled at the ‘discontinuity of the organic variation’ sep-
arating ‘arrays’ of organisms that cluster hierarchically (1937a, p.
4):

[T]he living world is not a single array of individuals in which
any two variants are connected by unbroken series of inter-
grades, but an array of more or less distinctly separate arrays,
intermediates between which are absent or at least rare. Each
array is a cluster of individuals, usually possessing some com-
mon characteristics and gravitating to a definite modal point
in their variations. Small clusters are grouped together into lar-
ger secondary ones, these into still larger ones, and so on in an
hierarchical order. (Dobzhansky, 1937a, p. 4)

Later in the book, Dobzhansky emphasized that this ‘hierarchical or-
der’ is a feature of mind-independent reality and not an artefact of
classification: ‘The discontinuous variation of morphological and
physiological characteristics of organisms’, discontinuity that is
‘preserved throughout the hierarchy of arrays’, is ‘a fact given us
in experience, an objective phenomenon rather than a projection
on nature of some concepts created by the investigator’ (p. 303).
Hence, the ‘hierarchy of arrays’ provides an objective basis for tax-
onomic classification.

Dobzhansky’s method of assigning these ‘arrays’ or ‘clusters’ to
specific levels of the taxonomic hierarchy still needs to be exam-
ined. What is the biological significance of categories of race, spe-
cies, genus, family, etc.? Which natural groups are races, species,
genera, families? How are races distinguished from species, species
from genera, genera from families, etc.? In the 1935 article, Dobz-
hansky emphasized that except in the case of species, it is ‘arbi-
trary’ and a ‘matter of taste’ as to what category ‘a given discrete
group of forms’ is to be assigned to by the investigator: ‘Only in
the case of species this freedom of usage may be restricted by
the introduction of a separate criterion, thus making the category
of species methodologically more valuable than the rest’ (1935a,
p. 348). The ‘separate criterion’ referred to by Dobzhansky is the
presence of ‘physiological mechanisms producing isolation’,
whether due to incompatibility of would-be parents or sterility
of hybrid offspring (pp. 349–350). As he elaborated a couple of
years later, having come to emphasize the ontological and theoret-
ical significance of the category and not just its methodological va-
lue, ‘in the case of species the exercise of personal tastes can and
should be restricted’ because at least in sexual organisms, species
possess ‘certain properties of their own’ as ‘the smallest discrete
groups whose free interbreeding is checked’ (1937b, pp. 281,
282, 285). Dobzhansky recognized as ‘fundamentally important’
the ‘permanent fixation of the organic discontinuity’ brought about
by ‘physiological isolating mechanisms’ (1937a, p. 312), and con-
sidered his species definition justified by its reference to this ‘real
and important phenomenon in nature’ (p. 313). Dobzhansky no
longer held that all empirical discontinuities forming the basis of
natural classification are of equal status, at least as far as the
groups, arrays, or clusters classified as species are concerned:
‘The mechanisms isolating species from each other must be consid-
ered the only true specific characters, if the expression ‘‘specific
character’’ is to have any real meaning’ (1937c, p. 419).
genetic race concept. Studies in History and Philosophy of Biological and Bio-
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What about the ontological status of race? Are races real?
Notwithstanding the methodological and ontological uniqueness
of the species category, recall that for Dobzhansky, in 1935, any
group—whether assigned the rank of race, species, genus, family,
etc.—is a natural—not artificial—group provided that it is separated
from others by empirical discontinuities in (largely intrinsic)
properties of organisms, whether morphological, physiological,
genetic, etc. Hence, defined naturalistically, races are groups of
organisms that can be distinguished on the basis of empirically
discontinuous properties, which do not (yet) include ‘physiologi-
cal isolating mechanisms’ that restrict interbreeding. Recall also
that the larger the number of discontinuities a racial classifica-
tion subsumes, the more natural it is, and that in the absence
of discontinuities, a racial classification will be artificial. Based
on his investigation of differences in the shape of the Y-chromo-
some in strains of Drosophila pseudoobscura derived from differ-
ent geographical locations, Dobzhansky suggested that the
species could be divided into at least six ‘chromosomal races’
(1935b, p. 374): he discovered ‘racial variability’ associated with
‘six cytologically recognizable types of the Y chromosome’ (pp.
373, 375), with each having ‘a definite geographic distribution’
(pp. 371–372), though with some overlap. Although the classifi-
cation is natural, not artificial, Dobzhansky’s account suggests
that it will be natural to a greater degree if the observed Y-chro-
mosomal differences coincide with other genetic and/or chromo-
somal differences. However, the prevalence of such patterns of
discontinuity soon came into question.

Less than a decade later, the definition of races as arrays
of forms or clusters, which in humans and ‘wild’ species are
geographically distributed, had been replaced by a definition
of races as genetically distinct geographically delimited
populations.

3. ‘Genetic structure of natural populations’: races as genetically
distinct geographical populations, 1940–1946

Dobzhansky submitted annual reports to the Carnegie Institu-
tion of Washington about the progress of his studies on the genetic
structure of natural populations, which between 1938 and 1944 he
undertook in collaboration with Sewall Wright. In the 1943–44 re-
port, Dobzhansky characterized ‘the general purpose of this re-
search program’ as the ‘investigation of the hereditary variability
present in natural populations, and its role in the process of evolu-
tion’. He expressed hope that although ‘the small flies belonging to
the genus Drosophila’ were chosen for study for ‘their many techni-
cal advantages’, the results would apply more generally given ‘the
well established generalization that the fundamental laws and
mechanisms of heredity . . .are remarkably uniform throughout
the living world’ (1944b, p. 120).

Consistent with his hope that the results of his studies on the
genetic structure of natural populations would apply generally,
Dobzhansky sought to extend knowledge gained about race in Dro-
sophila species to debates about race in humans. In 1941, he joined
a debate brought about by efforts of fellow biologists and anthro-
pologists to oppose Nazi race doctrine (e.g., Benedict, 1940; Huxley
& Haddon, 1935), when he published an article titled ‘The Race
Concept in Biology’ in The Scientific Monthly. Dobzhansky argued
that biology bears some of the responsibility for the ‘frequently
acrimonious and notoriously inconclusive’ aspects of the past dec-
ade’s ‘perennial discussion of the nature of race’ because of its fail-
ure to define ‘race’: ‘biologists can not escape a part of the blame
for the disrepute in which the race problem has fallen. The plain
fact is that in biology itself no clear definition of what constitutes
a race has been evolved. The existing concepts are either funda-
mentally unsound or so ambiguous as to be of little use for rigorous
thinking’ (p. 161).
Please cite this article in press as: Gannett, L. Theodosius Dobzhansky and the
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Dobzhansky proposed a genetic definition of race: ‘A geneticist
can define races as populations that differ from each other in the
frequencies of certain genes’ (1941, p. 162), or, as in Drosophila,
‘chromosome structures’ (1944a, p. 138). He rejected his notion
of the previous decade that races, like other taxonomic groups,
are arrays of forms or clusters distinguished by empirical disconti-
nuities in morphological, physiological, genetic, and other
properties:

It would be . . . fallacious to define a race as a group of individu-
als having a given gene allele or a given chromosomal structure
in common. Since in most species there are many variable genes
and chromosome structures, and since different genes and
chromosome structures are capable of forming a variety of com-
binations, an individual or a population might belong to one
‘race’ as far as the gene A is concerned, to a different ‘race’ with
respect to the gene B, to a still different ‘race’ with respect to C,
etc. (Dobzhansky, 1944a, p. 138)

Dobzhansky emphasized: ‘A race is not an individual and not a sin-
gle genotype, it is a group of individuals, a population, in which
many different genotypes occur’ (1944a, p. 138). Dobzhansky’s con-
cept of a population was, for the most part, geographical. In study-
ing the genetic structure of natural populations, he compared the
genetic and chromosomal makeup of Drosophila populations at all
levels of spatial resolution, drawing samples from different feeding
stations within a given locality, different localities within a given re-
gion, different regions, different states, and even different countries.
Dobzhansky considered genetic and chromosomal differences
among populations at any of these levels to be racial differences
and the populations themselves to be races. He realized that this
presents problems for the genetic definition of race: ‘The obvious
flaw in such a definition is that differences in gene frequencies
may be quantitatively as well as qualitatively of diverse orders.
The statement that two populations are racially distinct really con-
veys very little information regarding the extent of the distinction’
(1941, p. 162). But it was a flaw that he was prepared to accept.

Dobzhansky considered his genetic race concept to be consis-
tent with, and complementary to, Mayr’s (1942) concept of races
as geographical subspecies and Turesson’s (1922) concept of races
as ecospecies or ecotypes, as well as Huxley’s (1938) cline concept.
Dobzhansky surmised as ‘a general rule’ that ‘the further two pop-
ulations are removed geographically the greater are the genetic
differences between them’ (1941, p. 164). Drawing on Mayr’s
(1942) ‘polytypic species concept’, Dobzhansky (1944c) reported
that ‘most living species are more or less clearly differentiated into
geographic races, each race occupying a portion of the species dis-
tribution area. The races, otherwise known as subspecies, may be
connected by transitions in geographically intermediate zones, or
they may be separated by migration barriers and fail to show mor-
phological connecting links’ (p. 252). Drawing on Huxley’s (1938)
‘cline’ concept, Dobzhansky (1941) referred to the gradients along
which the frequencies of genetic and chromosomal variants change
across the species distribution as ‘racial clines’ (p. 164). He noted
that while such gradients can be of a sharp or more gradual nature
due to the presence or absence of barriers to migration, they tend
to correspond with environmental differences, and, drawing on
Turesson (1922), that ‘geographic races’ might therefore be called
‘ecospecies’ as well as ‘subspecies’ (p. 163). At the opposite end
of the scale, Dobzhansky was surprised to discover that D. pseud-
oobscura populations just 100 metres apart differed in frequencies
of genetic and chromosomal variants even in the absence of obvi-
ous barriers to mobility (p. 162). He found at these more proximate
distances exceptions to the ‘general rule’ that genetic differences
increase with geographical distances. Dobzhansky offered two
explanations for this. The first explanation was the ‘drifting apart’
of neighbouring populations due to chance effects (p. 163), which
genetic race concept. Studies in History and Philosophy of Biological and Bio-
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leads to the formation of microgeographic races. Dobzhansky had
introduced the term ‘microgeographic race’ in the first edition of
Genetics and the Origin of Species to describe small colonies that ac-
quire distinctive morphological characteristics (e.g., shell patterns
in snails), likely as the result of drift rather than natural selection
(1937a, p. 146). The second explanation was ‘ecotypic differentia-
tion’ that arises in different habitats of the species distribution due
to natural selection, with the same ‘ecotype’ found in similar hab-
itats (1941, p. 163): ‘Many plant species are differentiated into
races living in valleys on one hand and in high mountains on the
other; the plants of the mountain races suffer if transplanted in
the valley, while the valley plants die off if planted in mountains’
(1942a, p. 397).

As a geneticist, Dobzhansky focused on causal processes such as
drift, migration, and natural selection that are responsible for racial
differentiation. But he also appreciated the difficulties that systema-
tists and anthropologists face in their efforts to carry out racial clas-
sification. The demand to arrive at ‘hard and fast racial classifications’,
Dobzhansky wrote, was challenged by two facts about the world
leading to ‘no end of troubles’ (1943a, p. 105). The two facts are, first,
that frequencies of genetic and chromosomal variants change gradu-
ally across space, and, second, that the patterns by which differences
in genes and chromosomes vary are often independent.

Concerning the first fact, Dobzhansky noted that populations in
different parts of the distributions of D. pseudoobscura and D. per-
similis differed in all variants that were examined, i.e., the species
were ‘subdivided into races’, but that it was ‘quite another matter’
to ‘delimit and enumerate’ races because statistically significant
differences were found ‘between populations of localities only a
dozen miles apart, and, in fact, between populations of stations
only a fraction of a mile apart’ (1944a, p. 138). Systematists could
make the race concept practically useful if at greater distances,
they were to ‘designate as races only such populations as differ
qualitatively, in the presence and absence of a group of variational
elements’ (p. 139). This would, for example, make the Guatemalan
and Arizonan populations of D. pseudoobscura separate races but
leave out the Coloradan and other populations that are intermedi-
ate in location and composition. Dobzhansky continued to hold
that a ‘natural’ classification requires ‘empirically existing discon-
tinuities’ and only an ‘artificial’ classification is possible in ‘a con-
tinuously varying world’ (1935a, p. 346): ‘Racial groups’, he
wrote, defining these no longer as geographically distributed ar-
rays of forms or clusters but as genetically distinct geographical
populations, are ‘natural, rather than arbitrary, entities’ to the ex-
tent that they can be delimited on the basis of discontinuities in
character gradients: ‘The sharper the discontinuities, the more
‘‘natural’’ the races’ (1950 [1946], p. 120).

Sometimes ‘geographic gradients’ are ‘discontinuous’, Dobzhan-
sky recognized, with differences in the frequencies of genetic and
chromosomal variants not proportional to distance but ‘steep in
some regions and relatively level in others’ (1944a, p. 139). In such
cases, ‘the discontinuities eliminate the arbitrariness of drawing
the dividing lines between groups of populations’, and ‘the species
is broken up into more or less discrete arrays of populations’ that
can be ‘delimited, counted, and named’ and referred to as ‘races’
(pp. 139–140). Dobzhansky noted that other times, ‘geographic
gradients’ are ‘uniform’, with frequencies of genetic and chromo-
somal variants changing gradually in proportion to distance across
populations. In these cases, ‘racial’ and ‘subspecific’ divisions are
‘quite arbitrary’ and systematists’ decisions are guided by expedi-
ence even if populations at some distance from each other along
the gradient ‘are profoundly, qualitatively or quantitatively, differ-
ent in genetic constitution’ (p. 139):

A systematist may or may not find it desirable to break the
chain of populations into two or more sections and to designate
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them by racial or subspecific names. If he does so, the divisions
are quite arbitrary. His decision will be guided by consider-
ations of expedience and by nothing else: the difficulties caused
by the presence of populations intermediate between the arbi-
trary racial ‘types’ may or may not outweigh the convenience of
having simple reference names applicable to some of the popu-
lations. (Dobzhansky, 1944a, p. 139)

Dobzhansky reported that ‘more frequently’, geographical gradients
‘in nature’ are neither uniform nor discontinuous but somewhere in
between. What systematists do then ‘is a matter of experience,
judgment, and the conventions which prevail among students at a
given time’ (p. 140): the decision might be to name both major
and minor races, only major races, or no races at all.

As for anthropologists’ efforts, Dobzhansky (1942b) attributed
‘real existence’ to the ‘negro and white race’ as ‘major geographic
races’ or ‘subspecies’ between which there had been limited gene
exchange historically but not to the ‘Nordic, Alpine, and Mediterra-
nean races’ as ‘microgeographic races’ among which there had
been extensive gene exchange historically (p. 122). Dobzhansky
(1950 [1946]) noted ‘what is at first a paradoxical situation.
Although it is quite clear that Negroes are racially distinct from
whites, it is nevertheless difficult to delimit the Negro and white
races’ (p. 118). This is because the incidence of a trait like degree
of skin pigmentation (and presumably that of underlying genetic
variants) in a population changes gradually across space, say, as
‘one travels from Scandinavia in northern Europe southward
through Germany and Italy, to northern and finally to central Afri-
ca’ (p. 118). Although Dobzhansky considered there to be ‘few
places in the world where anything approaching a line of demarka-
tion [sic] can be drawn to separate geographic populations sharply
distinct in gene frequencies’ (p. 118), he also observed that ‘transi-
tions between different races are not, however, absolutely uniform
and gradual’, and that while ‘there certainly is a very considerable
difference in the average skin color between the Norwegians and
the southern Italians, the really striking change in the incidence
of different skin colors occurs as one crosses the Sahara Desert’
(p. 120). Dobzhansky claimed that changes in gradients for other
traits that differ between European and African populations such
as ‘hair form, nose shape, etc.’ are also ‘most rapid’ and associated
with ‘most striking’ differences between ‘adjacent populations’ on
either side of the Sahara. He pointed out that ‘breaks in character
gradients . . .usually have geographic or historic causes’: ‘Abrupt
changes in gradients may coincide with natural obstacles to travel,
such as great expanses of water, deserts, mountain ranges, forests,
etc.’ (p. 120).

Concerning the second fact that causes trouble for racial classi-
fication, the independent variation of different genes and chromo-
somes, Dobzhansky (1943a) pointed out that in humans, blood
groups, height, skin colour, and ‘cephalic index’ show different pat-
terns of geographic distribution. Consequently, on the traditional
taxonomic approach, different populations would be classified to-
gether as races based on different traits—e.g., on the basis of blood
group B, ‘Asiatics’ (‘populations of Central Asia’) in whom blood
group B is common would belong to one race and ‘western Europe-
ans’ and ‘Australian aborigines’ in whom blood group B is rare
would belong to another, whereas on the basis of height, popula-
tions in ‘northern Europe’, ‘central Africa’, and ‘Polynesia’, who
are taller, on average, would belong to one race and populations
in ‘some Mediterranean countries, in Africa and in the Orient’,
who are shorter, on average, would belong to another race (p.
105). Dobzhansky suggested that an alternative approach to classi-
fication be adopted, one that studies the ‘geographic distributions
of separate genes’ (p. 105). He recommended that this goal be
accomplished by achieving as complete a description of the genetic
composition of populations as possible: ‘Ideally, all variable genes
genetic race concept. Studies in History and Philosophy of Biological and Bio-
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and chromosome structures would have to be taken into account
to describe a given race. At the present level of knowledge this
ideal is unattainable. It can be approached by considering as many
variational elements as are accessible. The description of races may
become more and more exact as knowledge grows’ (1944a, p. 138).

However, in order to characterize races by achieving as com-
plete a description of the genetic composition of populations as
possible, boundaries must be drawn around populations, and this
presents its own troubles. During the period between 1940 and
1946, Dobzhansky’s concept of population was geographical. Of
course, in sexually reproducing species, spatially defined popula-
tions are also breeding populations: proximity in space means
proximity to mates, whether in a canyon of the Sierra Nevada or
a population cage in New York. However, it takes effort to delimit
a breeding population: for example, in one capture-and-release
experiment, Dobzhansky released a population of orange-eyed flies
into the ‘wild population’, in order to establish the ‘breeding struc-
ture’ of the population of a given territory as determined by esti-
mates of ‘effective size’ and ‘migration index’ (Dobzhansky &
Wright, 1943). Dobzhansky recognized that in humans, there are
factors other than geography that determine population structure:
‘If a species is broken up into populations in which marriages occur
for geographical, social, religious, or any other reasons chiefly
within a group (endogamously) rather than between groups (exog-
amously), these populations are likely to differ from each other in
the frequencies of some genes’ (1943a, p. 104). Only at the end of
the period did interbreeding come to replace geography as the cri-
terion for belonging to a population. In a chapter in an edited vol-
ume that was published in 1950 but written in 1946, Dobzhansky
wrote: ‘Races may be defined as populations which differ in the fre-
quencies of some genes. A population is a group of individuals cemen-
ted by intermarriage, and hence sharing a common treasury of genes’
(1950 [1946], p. 99).

4. Heterosis, homeostasis, and holism: races as genetically
distinct Mendelian populations, 1947–1955

In ‘Mendelian Populations and Their Evolution’, Dobzhansky’s
1950 presidential address to the American Society of Naturalists,
he offered this definition of ‘Mendelian population’: ‘A Mendelian
population is a reproductive community of sexual and cross-fertilizing
individuals which share in a common gene pool’ (1950, p. 405; italics
in original). Races, he defined as ‘Mendelian populations of a species
which differ in the frequencies of one or more genetic variants, gene
alleles, or chromosomal structures’ (1951a, p. 138; italics in original).
During the 1950s, Dobzhansky developed an increasingly holistic
understanding of Mendelian populations. Consequently, Mende-
lian populations (and, by implication, races since defined as Men-
delian populations) came to be considered ‘spatio-temporal
entities’—what, today, in philosophy of biology, we call ‘biological
individuals’.

By the time the third edition of Genetics and the Origin of Species
was published in 1951, it was not only organisms (‘living individ-
uals’) that had ‘undisputable ontological significance’, as was the
case in 1935. ‘The spatio-temporal entities in sexually reproducing
and cross-fertilizing organisms’, Dobzhansky wrote, ‘are individu-
als and Mendelian populations’ (1951a, p. 108). Dobzhansky’s sug-
gestion was not that Mendelian populations are ‘spatio-temporal
entities’ in the same sense that in earlier years he had represented
races as they approach speciation as becoming more ‘concrete’ and
less ‘abstract’ owing to genetic discontinuities arising with diver-
gence. Dobzhansky portrayed the Mendelian population as a
‘new organismic entity’ that emerged with the evolution of sex
(p. 261), suggesting that Mendelian populations, like organisms,
are biological individuals (though Dobzhansky used the word ‘indi-
Please cite this article in press as: Gannett, L. Theodosius Dobzhansky and the
medical Sciences (2013), http://dx.doi.org/10.1016/j.shpsc.2013.04.009
vidual’ to refer only to organisms). What constitutes Mendelian
populations as biological individuals, as we would say today, or
as spatio-temporal entities, as Dobzhansky said, is the ‘cohesion’
that is supplied by ‘mating and parentage bonds’ among
organisms:

Sexual reproduction has brought about a new form of biological
integration. Individuals are combined into reproductive com-
munities, Mendelian populations . . . they owe their cohe-
sion . . .not only to common descent, but, and primarily, to
mating and to parentage bonds. The sexual unions and the gene
segregations occur in every generation in Mendelian popula-
tions, and determine both the continuity and the changeability
of their collective genotypes, gene pools. (Dobzhansky, 1951a,
p. 260)

Indeed, with the ‘new form of biological integration’ associated with
the evolution of Mendelian populations in sexually reproducing
species, the ‘undisputable ontological significance’ of organisms
came into dispute. Dobzhansky argued that the ‘solitary individual’
is a ‘fiction’: ‘In reality, most or even all living beings exist in more
or less integrated communities, and the ability to maintain these
associations entails some cooperation, or at least ‘‘protocoopera-
tion’’. By far the most widespread and important form of association
among sexual organisms are Mendelian populations’ (1951a, pp.
78–79).

‘No less important’ for ‘biological integration’ than the ‘cohe-
sion’, ‘cooperation’, and ‘community’ that are characteristic of
Mendelian populations, Dobzhansky argued, was ‘the fact that, in
sexual organisms, Mendelian populations, rather than individuals,
have become the units of the adaptively most decisive forms of
natural selection’ (1951a, p. 260). By his mention of ‘the adaptively
most decisive forms of natural selection’, Dobzhansky meant bal-
ancing selection, specifically, heterotic selection. Changes in Dobz-
hansky’s views on the ontology of populations track changes in his
views on the adaptive value of heterozygosity. In the first, 1937,
edition of Genetics and the Origin of Species, Dobzhansky expressed
agreement with Chetverikov’s and Dubinin’s reports on the ‘genet-
ic structure’ of Drosophila melanogaster: that studies of natural
populations had shown that individual variability involves the
retention of recessives in heterozygotes with homozygotes obser-
vable when alleles occur at a high enough frequency in the popu-
lation (pp. 124–133). According to Dobzhansky, this individual
variability provides the raw material for evolution, with race for-
mation involving the patterning of that variability. From the early
to mid-1940s, Dobzhansky conceived of heterosis in the traditional
sense of ‘hybrid vigor’ that arises when harmful homozygosis that
has resulted from inbreeding decreases (Dobzhansky, Holz, & Spas-
sky, 1942, pp. 486–487). He held that natural selection favours iso-
lating mechanisms between populations that have diverged
genetically, with this genetic divergence involving increasing
homozygosis for adaptive characters. However, by the late 1940s,
Dobzhansky had come to pay increased attention to balancing
selection, which maintains heterozygosity in populations, leading
him to reconceive heterosis.

In an April 1947 letter to Dunn, Dobzhansky conveyed his
excitement about prospects for the evolutionary importance of
heterosis: ‘I have a probable excitement in genetics, which if pans
out may be the most interesting finding which I ever made.’ The
finding concerned results of population cage experiments. Dobz-
hansky took Dunn to be familiar already with past results that
for chromosomes from the same population, i.e., ‘whenever the
ancestry of all flies in the cage came from any one locality’, hetero-
zygotes had been found to have higher adaptive value than both
homozygotes, leading to the establishment of equilibria. Recent re-
sults from population cage experiments that began with F1 flies
genetic race concept. Studies in History and Philosophy of Biological and Bio-
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heterozygous for chromosomal types ‘from different localities’
found that heterozygotes among their F2 offspring were no longer
superior in adaptive value but intermediate between the two
homozygotes. Dobzhansky outlined three implications of his
findings:

Provided this stands up, it would mean several exciting things.
(1) The superiority of heterozygotes within a population is a
result of a process of natural selection—and may be this is one
of the most elegant proofs of natural selection known. (2) This
is the end of the classical theory of heterosis, because here it
is crystal clear that heterosis is the property of a heterozygote,
and not of a beneficial dominant covering up a deleterious
recessive. (3) Most important of all—here is a genetic explana-
tion of this hitherto elusive problem, the initiation of species
splitting. If the territory of the parental species is subdivided
among a finite number of populations each having its selec-
tively arrived at optimum in heterozygotes, the boundaries
between there [sic] populations become zones of tension,
because in these zones heterozygosis no longer results in heter-
osis. Hence reproductive isolating mechanisms acquire selec-
tive value. (Dunn correspondence [B/D917]: Apr. 26, 1947
letter from Dobzhansky; underline in original)

Within a few years, Dobzhansky had established to his satisfaction
not only that flies heterozygous for chromosomal inversion types
are superior in fitness to homozygotes when the chromosomes
come from the same location Dobzhansky (1947) and that heterosis
is lost when the chromosomes come from different locations Dobz-
hansky (1949), but that heterosis can be established anew in an
experimental population composed of geographically distinct
strains (Dobzhansky & Levene, 1951).

From 1947 to 1955, Dobzhansky’s convictions about the evolu-
tionary importance of heterotic selection supported the develop-
ment of increasingly holistic views on the ontology of Mendelian
populations. Collaborating with Bruce Wallace and I. Michael Lern-
er, Dobzhansky’s attention shifted from the ‘coadaptation’ of geno-
types in organisms to the coadaptation of gene pools in Mendelian
populations, and from homeostasis as a property of organisms to
homeostasis as a property of gene pools. The coadaptation of geno-
types in organisms concerns natural selection’s preference for
organisms that are heterozygous for chromosomal inversion types
over organisms that are homozygous: ‘The conclusion is inescap-
able that the gene contents of the chromosomal types of any given
region are mutually adjusted, or coadapted, in such a way that the
inversion heterozygotes possess [a] high degree of fitness. This
process of coadaptation takes place independently in populations
removed from each other. Natural selection moulds the gene com-
plexes which occur in each region’ (Dobzhansky, 1949, p. 219).
Dobzhansky and Wallace (1953) explained the ‘high degree of fit-
ness’ in heterozygotes by superior homeostasis, leading to greater
success across a wider range of environments. Because heterosis
breaks down when populations hybridize, Dobzhansky (1949) sur-
mised that ‘this adjustment to the milieu [coadaptation] does not
occur only at the level of the individual. The genotype of each pop-
ulation becomes an adaptive system. The coadaptation of the chro-
mosome types inducing heterosis is a component part of the larger
system’ (p. 219). Dobzhansky and Wallace (1953) theorized that if
heterozygosity improves homeostasis, then ‘extreme genetic het-
erogeneity within a population’ will arise due to selection for het-
erozygotes at many loci (p. 169). Coadaptation of the gene pool will
be the result of natural selection’s preference for those alleles most
likely to produce ‘harmonious combinations’ with alleles at same
and other loci: ‘The genotype of a Mendelian population is an inte-
grated system, the parts of which are fitted together in the process
of evolution’ (p. 170). As such, the gene pool of a population could
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be described as ‘an organized system, a system so contrived as to
yield the highest mean level of adaptedness in the individuals
which compose the population’ (Dobzhansky, 1953, p. 96). When
Lerner’s book Genetic Homeostasis came out in 1954, Dobzhansky
was sympathetic to, but not yet convinced by, Lerner’s and Wal-
lace’s shared contention that the gene pool itself is homeostatic,
i.e., that natural selection has fashioned populations with the ten-
dency to resist artificial selection that shifts their genetic composi-
tions away from historically established equilibria. Once
experimental data from his own laboratory suggested that a geno-
type’s fitness depends on what other genotypes are present in the
population (Levene, Pavlovsky, & Dobzhansky, 1954), Dobzhansky
embraced holism more fully, noting in his favourable review of
Lerner’s book that ‘Mendelian populations possess remarkable
integrative properties; populations are organized supraindividual
entities which undergo evolutionary changes as such’ (1955a, p.
100).

In his third, 1951, edition of Genetics and the Origin of Species,
Dobzhansky distinguished between Mendelian populations and
‘groupings or categories of systematics’ and emphasized that they
are ‘apprehended’ by different criteria:

Mendelian populations are not synonymous with any groupings
or categories of systematics. A systematist recognizes the exis-
tence of two or more groups only if their members are geneti-
cally, or at least phenotypically, distinct. Mendelian
populations may or may not be genetically distinct, but they
are more or less segregated reproductively. To establish taxo-
nomic groups, a sample of their representatives must be
obtained, and their morphological or other characteristics
examined. Mendelian populations may be apprehended from
demographic data. (Dobzhansky, 1951a, p. 261)

Whereas he had previously regarded empirical discontinuities in
(largely) intrinsic properties of organisms as the basis for identify-
ing natural groups at all levels of the taxonomic hierarchy, with
groups categorized as species distinguished by their possession of
physiological isolating mechanisms among these empirical discon-
tinuities, Dobzhansky held that Mendelian populations, identified
on the basis of ‘demographic data’ and in possession of ‘common
gene pools’, represent an order of ‘biological reality’ beyond the nat-
uralness of groups. He distinguished between systematic categories
above the species level and systematic categories at the species le-
vel and below: ‘Supraspecific groupings, such as subgenera, genera,
etc., do not possess common gene pools, and consequently do not
have the biological reality of Mendelian populations’ (1950, p.
405), whereas the ‘systematic categories’ of races, subspecies, and
species tend to be ‘coincident with Mendelian populations’
(1951a, p. 261).

Dobzhansky offered definitions of species and races as Mende-
lian populations. Species, he defined as the most inclusive Mende-
lian populations: ‘Mendelian populations have become integrated
into complexes within which interbreeding is possible, but be-
tween which it is limited or eliminated entirely. These complexes
are the biological species’ (p. 261). Races, as already mentioned,
he defined as ‘Mendelian populations of a species which differ in
the frequencies of one or more genetic variants, gene alleles, or chro-
mosomal structures’ (p. 138; italics in original). Given Dobzhansky’s
definitions of species and races as Mendelian populations, insofar
as Mendelian populations are ‘organismic’ or ‘spatio-temporal
entities’, so too are species and races. Dobzhansky explicitly recog-
nized this in the case of species: ‘A species is . . .not merely a group
and a category of classification. It is also a supraindividual biolog-
ical entity, which, in principle, can be arrived at regardless of the
possession of common morphological characteristics’ (p. 6). Along
similar lines, at the 1950 Cold Spring Harbor symposium on the
genetic race concept. Studies in History and Philosophy of Biological and Bio-
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‘origin and evolution of man’, Dobzhansky distinguished between
‘race as a type and as a population’ (1951b, p. 385), and advised
anthropologists to focus their studies on populations, as ‘the fun-
damental biological entities’:

[E]very human being is a member of a single species, mankind
or Homo sapiens. But the species population is split up into a
complex series of subordinate populations or isolates. These
populations are the geographically isolated races, and socially
isolated local or religious communities, linguistic groups, eco-
nomic classes, etc. Even though these subpopulations may have
indistinct boundaries and may not be easy to delimit, they are
nevertheless the fundamental biological entities which the
anthropologist must study. Since marriages are concluded more
often within than between isolates, each isolate has its own
gene pool, its hereditary endowment, which consists of genes
carried by its members. (Dobzhansky, 1951b, p. 387)

Note that Dobzhansky referred only to geographically isolated pop-
ulations as races, otherwise using ‘communities’ and ‘groups’. And
yet, on his definition of race, any genetically distinct Mendelian
population counts as a race. And all Mendelian populations, even
those with ‘indistinct boundaries’ that are not ‘easy to delimit’,
qualify as ‘entities’. Dobzhansky considered the ‘operational diffi-
culties encountered in the delimitation of races, species, and other
Mendelian populations’ to be ‘an inevitable result of the continuity
of the evolutionary process’, not evidence that ‘the only objective
units in biology are individuals’ (1950, p. 408). He argued consis-
tently against nominalism—whether for species, races, or Mende-
lian populations—by appealing to an ontology of processes.
5. Objects and processes

The lack of discreteness of Mendelian populations below the le-
vel of the species and lack of a qualitative threshold of genetic dif-
ferentiation for what counts as a race challenge Dobzhansky’s
realist definitions of Mendelian populations as demographically
delineated spatio-temporal entities and races as genetically dis-
tinct Mendelian populations and therefore also spatio-temporal
entities: recall his belief that only a ‘purely artificial classification’
is possible in ‘a continuously varying world’ (1935a, p. 346). Dobz-
hansky responded to nominalism about species, races, and Mende-
lian populations alike by appealing to processes and drawing a
distinction between dynamic approaches that adequately recog-
nize processes and static approaches that fail to do so.

Dobzhansky promoted the process-oriented approach of the
‘new systematics’ early on. In the Philosophy of Science article in
which he proposed what became known—especially due to Mayr’s
efforts—as the biological species concept, Dobzhansky distin-
guished the ‘essentially static’ nature of ‘concepts of the taxonomic
categories’ like ‘race’, ‘species’, ‘genus’, etc. from races, species, and
genera themselves, which he said are ‘not static but dynamic units’
(1935a, p. 353). As Dobzhansky eloquently wrote, ‘The concepts of
taxonomy are derived from reality by a process of abstraction,
which leaves out of consideration the dynamism which is one of
the most essential, if not the most essential attribute of life’ (p.
353). The taxonomist holds a ‘static conception of the species’,
and on such a conception, ‘a species is a group of individuals fully
fertile inter se, but barred from interbreeding with other similar
groups by its physiological properties (producing either incompat-
ibility of parents, or sterility of the hybrids, or both)’ (p. 353). The
geneticist holds a ‘dynamic conception of the species’: ‘Considered
dynamically, the species represents that stage of evolutionary
divergence, at which the once actually or potentially interbreeding
array of forms becomes segregated into two or more separate ar-
rays which are physiologically incapable of interbreeding’ (p. 354).
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Dobzhansky rejected nominalism about species, which he
understood as the position that ‘the grouping of individuals into
species is merely a matter of convenience, since species have no
existence apart from the mind of investigator [sic]’ (1937c, p.
419). He argued that this mistaken position arises from ‘fallacious’
objections associated with the failure to appreciate the dynamic,
not static, nature of species. One such objection originates in the
fact that when species are crossed experimentally, isolating mech-
anisms can break down leading to the production of fertile hybrids.
Dobzhansky’s response was that experimental results provide no
proof that the species cross regularly in nature. Another such
objection points to the existence of borderline cases in nature.
Dobzhansky’s response was that this is exactly what is to be ex-
pected when species are viewed dynamically as a stage in the evo-
lutionary process: when physiological isolation is not yet
complete, arbitrariness about whether to consider the groups as
races or species is inevitable. Nominalists are guilty of a logical fal-
lacy: ‘it may be difficult or impossible to delimit a city from the
surrounding country except by a conventional line, but it certainly
does not follow from this that cities are imaginary entities’ (1937b,
p. 280).

This landscape metaphor, which reoccurs in Dobzhansky’s argu-
ments against nominalism about races, is gratuitous in his argu-
ments against nominalism about species given his belief that in
the majority of cases, biologists can determine whether ‘forms’
are races or species:

It is evident that, since the development of reproductive isola-
tion is in most cases a gradual process, there must be found
in nature species in situ nascendi, that is cases which can be
classified either as very distinct races or as very close species.
However, in most instances the presence of reproductive isola-
tion is so evident that the species concept . . .has a perfectly
objective validity. (Dobzhansky, 1943b, pp. 441–442)

Dobzhansky had long emphasized the prevalence of discontinuities
associated with species differences in nature—that there are sepa-
rate ‘arrays’ of forms, that nature is hierarchically ordered by ‘clus-
ters’ of ‘clusters of organisms’, and that natural selection favours the
development and maintenance of ‘physiological isolating mecha-
nisms’ that maintain these differences. Dobzhansky (1944c) also
suggested that nature cooperates in minimizing the number of bor-
derline cases caught at the threshold of speciation: ‘There are some
indications that, although races and species diverge slowly and
gradually, the transformation of race into species (i.e. the develop-
ment of reproductive isolation) entails a sort of an evolutionary cri-
sis, which is relatively rapid. Forms caught in the midst of this crisis
at our time level are a minority’ (p. 255).

Similarly, in the first, 1937, edition of Genetics and the Origin of
Species, just as he rejected species nominalism by appealing to the
dynamic nature of species, Dobzhansky argued that ongoing de-
bates about ‘the ‘‘race problem’’’ had failed to recognize that ‘a race
is not a static entity but a process’:

An endless and notoriously inconclusive discussion of the ‘race
problem’ has been going on for many years in the biological,
anthropological, and sociological literature. Stripped of unnec-
essary verbiage, the question is this: is a ‘race’ a concrete entity
existing in nature, or is it merely an abstraction with a very lim-
ited usefulness? To a geneticist it seems clear enough that all
the lucubrations on the ‘race problem’ fail to take into account
that a race is not a static entity but a process. Race formation
begins with the frequency with which a certain gene or genes
becomes slightly different in one part of a population from what
it is in other parts. If the differentiation is allowed to proceed
unimpeded, most or all of the individuals of one race may come
to possess certain genes which those of the other race do not.
genetic race concept. Studies in History and Philosophy of Biological and Bio-
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Finally, mechanisms preventing the interbreeding of races may
develop, splitting what used to be a single collective genotype
into two or more separate ones. When such mechanisms have
developed and the prevention of interbreeding is more or less
complete, we are dealing with separate species. A race becomes
more and more of a ‘concrete entity’ as this process goes on;
what is essential about races is not their state of being but that
of becoming. But when the separation of races is complete, we
are dealing with races no longer, for what have emerged are
separate species. (Dobzhansky, 1937a, pp. 62–63)

Hence, according to Dobzhansky, whether a race is a ‘concrete en-
tity’ or an ‘abstraction’ depends on the degree of genetic differenti-
ation that has arisen in the species. The process-oriented view was
also behind Dobzhansky’s refusal to draw ‘a sharp dividing line’ be-
tween ‘microgeographic’ and ‘major geographic races’ since he
thought it likely that microgeographic races are a stage in the devel-
opment of major geographic races (p. 146).

Despite his redefinition of race, from races as arrays of forms or
clusters in the 1930s to races as genetically distinct geographical
populations in the 1940s, Dobzhansky (1950 [1946]) continued
to conceive of race as a process and races approaching speciation
as more ‘tangible’ and ‘substantial’ entities than those at earlier
stages of genetic differentiation. He explained the ‘very vague’
boundaries between human races by their early stage:

Races merge into each other because a race, as it is observed at
our time level, is only a passing stage in the process of evolu-
tionary differentiation of populations. Speaking metaphorically,
a race is like a stream flowing from a single geographically uni-
form species into a complex of several derived species. A race
starts as a mere ripple on the surface of the population geno-
type, but it becomes progressively a more and more tangible,
discrete, and substantial entity as it approaches specific distinc-
tion. Owing to the fact that human races are very far from this
stage of speciation, the boundaries between them are very
vague. (Dobzhansky, 1950 [1946], p. 119)

However, on his 1940s definition of races as ‘populations that differ
from each other in the frequencies of certain genes’, small differ-
ences in the frequencies of alleles for even a single gene became suf-
ficient to consider populations to be racially distinct. Empirical
discontinuities could no longer be appealed to in order to distin-
guish between ‘natural’ and ‘artificial’ races. The populations of
not just different continents and countries but even neighbouring
villages counted as races for Dobzhansky, an outcome he did not re-
sist but embraced:

One may perhaps question the desirability of applying the term
‘racial differences’ to distinctions as small as those that can be
found between populations of neighboring villages and as large
as those between populations of different continents. Might one
modify the definition of race by specifying that the differences
in gene frequencies be above a certain minimum magnitude?
Such a modification is undesirable for two reasons. First, since
all magnitudes of difference are found among populations,
any specified minimum can be only arbitrary. Second, it is most
important to realize that the differences between the ‘major’
human races are fundamentally of the same nature as the rela-
tively minute differences between the inhabitants of adjacent
towns or villages. (Dobzhansky, 1950 [1946], p. 101)

By referring to genetic differences of any degree between popula-
tions as ‘racial’, Dobzhansky believed that he was recognizing the
‘fundamental nature of race differences’ as resting in race as a pro-
cess: ‘a common name has at least the advantage of emphasizing
the dynamic nature of the process of race formation and race diver-
gence. No biologically meaningful distinction can be drawn be-
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tween major, minor, and micro-races, just as the distinction
between limbs, branches, and twigs of a tree is quite arbitrary’
(pp. 119–120).

Dobzhansky held that geography sometimes, though rarely,
provides discrete boundaries for races. As Dunn and Dobzhansky
noted in Heredity, Race and Society, when ‘some natural obstacle
such as a desert or a mountain range’ impedes the ability of people
to move from one place to another, it is possible for ‘a more or less
definite and not quite arbitrary line’ to be drawn ‘between the ter-
ritories occupied by different races’ (1946, p. 109). Their example
of a ‘not quite arbitrary’ racial boundary was the Sahara desert:
‘as soon as the Sahara is crossed, we find peoples whose skin colors
are strikingly darker than in those living north of the desert. We
have left the territory of the white, and have arrived in the land
of the black race’ (p. 110). But returning to the landscape metaphor
Dobzhansky had used in 1937 to oppose species nominalism, Dunn
and Dobzhansky argued that the overwhelming arbitrariness of
drawing racial boundaries does not impugn the reality of races:

Do not conclude however that because the dividing lines
between races are frequently arbitrary races are imaginary enti-
ties. By looking at a suburban landscape one can not always be
sure where the city begins and the country ends, but it does not
follow from this that the city exists only in imagination. Races
exist regardless of whether we can easily define them or not.
(Dunn & Dobzhansky, 1946, p. 110)

Dunn and Dobzhansky suggested that even though the boundary
between Norwegians and Italians is more arbitrary than the bound-
ary the Sahara desert marks between ‘the white and black race’,
Norwegians and Italians are no less races than are ‘whites’ and
‘blacks’: although some Norwegians have traits and genes that are
‘typically ‘‘Italian’’, in the sense that they are more commonly met
with in Italian than in Norwegian populations’, it is ‘a plain fact that
most Norwegians can be told apart from most southern Italians by
appearance’ (p. 110).

Nominalism about races presented Dobzhansky with a tougher
contender than nominalism about species. Whereas Dobzhansky’s
landscape metaphor was gratuitous in his arguments against nom-
inalism about species, it was ineffective in his arguments against
nominalism about races. For races, Dunn and Dobzhansky adjusted
the metaphor: instead of a conventional line that delimits the city
from the surrounding country, we have a ‘suburban landscape’ that
makes it difficult to discern where the country ends and city be-
gins. Although ‘dividing lines between races are frequently arbi-
trary’, races are no more ‘imaginary entities’ than cities. On a
process ontology of race, Dobzhansky could have allowed that
nominalism about race is false because race as a process is real
but that nominalism about races is true because races as objects
are not real. The image of buildings of varying heights clustered
more and less tightly across the landscape is presumably intended
to represent the more and less tightly clustered genetic variants
across space that might distinguish Norwegians and Italians. Spe-
ciation, for Dobzhansky, was a reasonably well-circumscribed pro-
cess whereby physiological isolating mechanisms develop and
become fixed in the population. ‘Raciation’, as Dobzhansky de-
scribed it, was a process of genetic differentiation that may or
may not lead to speciation. Dobzhansky considered cases of incom-
plete physiological isolation that force an arbitrary decision about
whether a group is a race or a species to be rare, but he admitted
that ‘the dividing lines between races are frequently arbitrary.’
The empirical discontinuities among organisms, whether in genet-
ic, physiological, morphological, or other properties, which Dobz-
hansky had previously considered to be the basis for what makes
a group ‘natural’ not ‘artificial’, were not available when it came
to race because by the mid-1940s, Dobzhansky was emphasizing
that racial differences are quantitative, not qualitative: distribu-
genetic race concept. Studies in History and Philosophy of Biological and Bio-
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tions of traits and genes in Norwegians and Italians, for example,
are overlapping. Despite the arbitrariness of using Norway‘s and
Italy‘s borders as race boundaries, Dunn and Dobzhansky‘s meta-
phor is supposed to reassure us that Norwegians and Italians are
no less races than Paris is a city. And, perhaps, contrary to their
intentions, they are correct in this—that for races and cities alike,
boundaries are indeed conventional.

Even with the holist approach to populations Dobzhansky
adopted from 1950 on, his definition of races as genetically distinct
Mendelian, not geographical, populations confronted the same dif-
ficulties. Recall that the boundaries of Mendelian populations are
determined by breeding structure alone: ‘Mendelian populations
can be recognized as separate entities even if they are quite similar
genetically. Genetically similar Mendelian populations may have
separate gene pools because these populations are isolated from
one another on different islands or by other means’ (1950, p.
406). But discretely bounded island populations are atypical Men-
delian populations, whether in humans or nonhumans. Dobzhan-
sky recognized the difficulty posed by this lack of discreteness
explicitly:

As a general rule we may say that the finer the racial subdivi-
sion chosen the vaguer become the confines of the Mendelian
populations concerned. The isolates in a territory continuously
inhabited by a species (or, in man, in a large urban community)
have no boundaries at all; one may even say that the isolate of
each person is different from that of every other person. The
gene diffusion between such isolates is impeded by distances
alone. Conversely, the most inclusive Mendelian population,
the species is . . .a discrete entity. (Dobzhansky, 1958, p. 28)

Dobzhansky justified the reality of Mendelian populations notwith-
standing their lack of discreteness by relying on a metaphor similar
to the landscape metaphor he used in attempting to dismiss the
challenges posed by nominalism about species in 1937 and nomi-
nalism about races in 1946, except temporally rather than spatially
inspired, in its appeal to the process of aging:

The validity of the concept of Mendelian population will be
questioned on the same grounds on which the validity of the
race and species concepts has been questioned. Mendelian pop-
ulations are not necessarily discrete units; often no definite
lines between them can be drawn. A similar argument would
be that youth and old age do not exist because the former
merges into the latter imperceptibly. The trouble is, of course,
not so much with Mendelian populations as with our compre-
hension, which is too often too simple-minded for the many-
faceted biological reality. (Dobzhansky, 1955b, p. 2)

However, the aging metaphor is no more effective against nominal-
ism about Mendelian populations than the landscape metaphor is
against nominalism about races. ‘Arbitrary’ decisions need to be
made about species only rarely in cases of incomplete reproductive
isolation, whereas they do not need to be made about Mendelian
populations only rarely in cases of island populations. The mating
patterns that ostensibly determine the boundaries of Mendelian
populations, like the ‘racial’ distributions of genes and traits, are lia-
ble to be characterized by continuities.

As discussed in Section 4, Dobzhansky considered Mendelian
populations to be ‘spatio-temporal entities’, what we call ‘biolog-
ical individuals’. Spatio-temporal discreteness is a possible onto-
logical criterion for biological individuality: organisms belong to
a population in virtue of their geographic (and therefore relative
reproductive) isolation from other conspecifics across time. But
according to Dobzhansky, some ‘isolates . . .have no boundaries
at all’. There are, however, other possible ontological criteria for
biological individuality. The criterion of causal interactions
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among parts of a whole is suggested by Dobzhansky’s focus on
the ‘mating and parentage bonds’ that unite organisms into
‘reproductive communities’. The criterion of causal interactions
between structured wholes is suggested by Dobzhansky’s
acceptance of natural selection acting at the level of groups.
The criterion of the functional integration of parts of the whole
is suggested by Dobzhansky’s attention to the adaptive value of
heterotic balancing selection for the population. The criterion of
emergent properties of the whole is suggested by Dobzhansky’s
account of homeostasis of the gene pool. And yet, the validity
of all of these additional ontological criteria for the biological
individuality of Mendelian populations requires that these be
more-or-less discrete units.

The biological individuality of Mendelian populations is chal-
lenged not only by the lack of more-or-less discrete boundaries
for populations but by the nonhierarchical structure of popula-
tions. In 1950, when introducing the concept of the Mendelian
population, Dobzhansky portrayed the population structure of spe-
cies as hierarchical. ‘The smallest Mendelian populations’, he
wrote, citing Wright, ‘are panmictic units’, and these ‘[p]anmictic
units are integrated into more or less complex systems of Mende-
lian populations, which culminate in species’, with the ‘subordi-
nate gene pools’ of Mendelian populations below the level of
species referred to as ‘subspecies, races, or local populations’
(1950, p. 405). This preserved Dobzhansky’s earlier treatment of
races as ‘susceptible’, like other taxonomic categories, ‘of succes-
sive subdivision into races of lower orders’—for example, in hu-
mans, proceeding from populations of Europe, central Africa, and
central Asia; to populations of northern Europe (‘so-called Nor-
dics’), central Europe (‘Alpines’), and southern Europe and northern
Africa (‘Mediterraneans’); to populations of different districts with-
in the same country; to populations of neighbouring villages with-
in the same district (1950 [1946], p. 119).

However, the redefinition of races as genetically distinct Men-
delian, rather than geographical, populations called attention to
the determination of reproductive relations in Homo sapiens by so-
cial and cultural as well as geographical factors, which results in a
more complicated pattern of cross-cutting and overlapping Men-
delian populations—a problem that Dobzhansky, once again, recog-
nized explicitly:

The human species is by far the most complex system of Men-
delian populations. As in other species, the geographic isolation
is, or until recently was, the chief agent maintaining the sepa-
rateness of the gene pools of human populations. However,
the marriage regulation by custom, language, religion, class
and caste, economic status, and occupation has introduced
new population sub-divisions, which may be on their way
towards superseding the geographic divisions. A person may
belong to two or more partly overlapping Mendelian popula-
tions. Consider a person who resides in New York City, has a
black skin, belongs to the unskilled worker class, speaks Spanish
as his native language, and is a Roman Catholic. Such a person is
potentially a member of several different but over-lapping
breeding communities. (Dobzhansky, 1955b, p. 2)

The hierarchical integration of Mendelian populations is consistent
with, though not necessary for, their biological individuality—in a
way that is analogous to the individuality of nested Russian dolls.
Biological individuality is compromised, however, with non-hierar-
chical patterns of cross-cutting and overlapping ‘breeding
communities’.

Without the biological individuality of Mendelian populations,
whether because of non-hierarchical structure or lack of discrete-
ness, an object ontology of races defined as genetically distinct
Mendelian populations becomes impossible to maintain. Just as
genetic race concept. Studies in History and Philosophy of Biological and Bio-
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steep gradients in frequencies of genetic and chromosomal vari-
ants only rarely delimit races defined as genetically distinct geo-
graphical populations, reproductive barriers only rarely delimit
races defined as genetically distinct Mendelian populations. For
the most part, racial boundaries are incomplete, overlapping, and
conventional.

6. Conclusion

This paper traces the development of the genetic race concept
in Dobzhansky’s writings from 1933 to 1955. His definitions of race
changed over this time from races as arrays of forms or clusters in
1933–1939, to races as genetically distinct geographical popula-
tions in 1940–1946, and, finally, to races as genetically distinct
Mendelian populations in 1947–1955. Throughout the entire peri-
od, Dobzhansky responded to nominalist arguments about species,
races, and Mendelian populations alike by appealing to the biolog-
ical reality of processes.

Dobzhansky would have done better to accept nominalism
about races as objects in his embrace of realism about race as a
process. Certainly, Dobzhansky’s sympathies were with a process
ontology of race; numerous memorable passages that date to early
in his career express these sympathies: ‘The concepts of taxonomy
are derived from reality by a process of abstraction, which leaves
out of consideration the dynamism which is one of the most essen-
tial, if not the most essential attribute of life’ (1935a, p. 353); ‘what
is essential about races is not their state of being but that of
becoming’ (1937a, p. 63); ‘a race becomes more and more a reality,
and less and less an abstraction, as it approaches the species rank’
(1941, p. 165); ‘Speaking metaphorically, a race is like a stream’
(1950 [1946], p. 102); and ‘in reality a race is merely an episode
in the process of evolutionary divergence of populations’ (p. 119).
Dobzhansky has a geneticist’s commitment to an ontology of pro-
cesses more generally. In the opening pages of Genetics and the Ori-
gin of Species, Dobzhansky revels in modern biology’s move from
the descriptive and observational approach to organic diversity
characteristic of eighteenth- and nineteenth-century systematics
and morphology to the causal and experimental approach favoured
by twentieth-century physiology and genetics (1937a, p. 6).

Dobzhansky seems not to have appreciated that the object
ontology he eventually defended for Mendelian populations—and,
derivatively, for races defined as genetically distinct Mendelian
populations—was in tension with the process ontology of race he
had long favoured. In the history of philosophy, an ontology of pro-
cesses has always been held in opposition to an ontology of objects,
as a Stanford Encyclopedia of Philosophy entry on process philoso-
phy suggests:

The philosophy of process is a venture in metaphysics, the gen-
eral theory of reality . . . . The guiding idea of its approach is that
natural existence consists in and is best understood in terms of
processes rather than things—of modes of change rather than
fixed stabilities . . . . Process philosophy diametrically opposes
the view—as old as Parmenides and Zeno and the atomists of
pre-Socratic Greece—that denies processes or downgrades them
in the order of being or of understanding by subordinating them
to substantial things. (Rescher, 2008)

It is possible that Dobzhansky’s retention of an object ontology of
race, despite his repeated avowals of a process ontology, arose as
a result of the importance he placed on the evolution of discontinu-
ity from continuity. Dobzhansky was fascinated by the ‘manifest
tendency of life toward formation of discrete arrays’ (1935a, p.
347), and he held this tendency to be what is fundamental about
evolution as a process: ‘Evolution involves the emergence of dis-
crete groups from continua, or of new discrete groups from the
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old ones’ (1937b, p. 282). He found the ‘peaks’ and ‘valleys’ of
Wright’s metaphor of the adaptive landscape compelling. And
believing that Darwin had failed to solve the problem named in
the title of his famous book, Dobzhansky investigated the origins
of the reproductive isolating mechanisms involved in speciation
throughout his career.

In yet another evocative metaphor, Dobzhansky wrote, ‘While a
systematist of living organisms observes, so to speak, a single snap-
shot of the evolution of life, the paleontologist aspires to obtain a
series of snap-shots, which should add up to a motion picture’
(1944c, p. 255). We might say that Dobzhansky, as a geneticist,
wanted to capture the making of the motion picture itself.
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