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Introduction 

When we talk about mapping genes these days, we tend to think mostly about the 
mapping that takes place in molecular genetics. Associated with the. Human 
Genome Project, for example, are: genetic maps that use hypervariable sites in 
the genome as markers to situate genes on chromosomes by relative distance 
("genetic distance"); physical maps that locate genes on chromosomes by 
absolute distance (in units of DNA nucleotides); and the map that identifies 
each individual nucleotide of a standard genome, sometimes called the "ultimate 
map." These kinds of maps have their historical antecedents in mapping tech
niques developed in Drosophila melanogaster-the genetic linkage maps invented 
by Alfred Sturtevant in 1913 and the chromosomal maps made possible by 
T.S. Painter's discoveries of 1933-34. 

Remarked upon less often is that geographical maps-maps that represent the 
geographical distribution of allelic or chromosomal variants across a species 
range-share these same historical antecedents, having arisen from" an extension 
of mapping practices from classical laboratory genetics to the geography of genes 
in field populations. Early geographical maps of genes in populations are found 
in research papers authored jointly in the mid- I 930s by Alfred Sturtevant and 
Theodosius Dobzhansky, two members of the T.H. Morgan lab, first at Columbia 
University and then at Caltech. These papers immediately predated the launch
ing of the "Genetics of Natural Populations" research program that was carried 
out by Dobzhansky and collaborators between spring of 1937 and Dobzhansky's 
death in December 1975. 

In this preliminary reflection on the nature of genetic mapping, we describe a his
toriographic framework within which to trace and interpret changes in mapping 
practices in relation to theoretical interests. The history of gene mapping and the 
Morgan school is familiar and already well told (Allen 1978; Provine 1981; Kohler 
1994). It is not our purpose to contribute new historical data or substantially alter 
the story. Rather, our goal is to highlight continuities among experimental systems 
supporting the changing problems and practices to complement previous histo
riographies of discontinuities. It is only through continuity that experimental 
systems can be reproduced and therefore extended into new problem domains and 
worked according to changing theoretical interests. 
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We begin with genetic mapping practices around 1913 and identify several 
transformations in mapping technologies leading up to the GNP research 
program: "pure" genetic linkage mapping, comparative linkage mapping of 
inversions, cytological inversion mapping, phylogenetic mapping, geographical 
inversion mapping, and geographical frequency mapping. Using maps as indica
tors of changes in theoretical preferences, as well as transformations in mapping 
practices, we proceed to compare the Drosophila research carried out, first, by 
Sturtevant and Dobzhansky together and then by Sturtevant and Dobzhansky 
individually, and identify several divergences in theoretical interests. Though both 
Sturtevant and Dobzhansky were interested in evolutionary questions, Sturtevant 
was more concerned with classification and systematics and Dobzhansky with 
dynamic evolutionary change. Also, over the course of Dobzhansky's own GNP 
research, as his theoretical presuppositions changed, so did his maps. 

Historiography of genetic mapping 

Historiographically, we regard published genetic maps in two ways: as indicators 
of changing practices and theoretical interests on the one hand and as scientific 
products on the other hand. Maps, like other forms of visualization, are useful 
tools for analysts of science as well as significant historical products of scientific 
activity worthy of attention in their own right (Griesemer and Wimsatt 1989). 

The history that concerns us centers on the origin and development of the 
GNP research program because it serves as an important reminder that genetic 
mapping concerns not only the representation of spatial (and temporal) order 
within chromosomes, but also the representation of spatial (and temporal) 
geographical order. While this point is already clear from the literature cited, 
there is a tendency in histories of the extension of classical laboratory genetics to 
the geography of genes in field populations to focus on discontinuities or "breaks" 
primarily of theoretical interests. We favor the view that pragmatic theoretical 
interests typically deflect the working of a mostly continuous experimental system. 
Our contribution is to note that changes in mapping practice mark such deflections 
in interesting and useful ways. , 

The history of the GNP research program has been amply documented by 
Provine (1981, 1986, I 991 ). The extension of experimental work on Drosophil,a 
pseudoobscura to genetics of natural populations is further discussed in Kohler 
( 1991, 1994). Provine interpreted the GNP series as resulting, in part, from 
Dobzhansky's merger of his antecedent interest in a theory of evolution in 
nature with the Morgan group's experimental system for genetic studies, together 
with Dobzhansky's personal falling-out with Sturtevant and the latter's turn 
toward other problems after 1936. Dobzhansky learned the Drosophila trade 
after joining the group in 1927, but he brought naturalist's and evolutionist's 
interests with him from Russia. Thus, a prominent focus of Provine's work is 
to account for the discontinuity between Dobzhansky's GNP program and the 
very different purposes for which the experimental system that sustained it was 
originally constructed. 
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Sturtevant and other founders of the Morgan school who were responsible for 
the construction of the D. mel,anogaster experimental system displayed a substantial 
interest in evolutionary patterns, processes, and mechanisms. However, 
Dobzhansky was more prominent and successful in extending the Morgan school's 
system from its original laboratory context and model organism to the study of 
natural populations in the field. Provine identified the personal falling-out between 
Sturtevant and Dobzhansky as a turning point historically, a sort of "psychological 
break," coming several years after Sturtevant had formulated, in a 1936 letter to 
Sewall Wright, a program of comparative, phylogenetic, and genetic research on 
the A and B races of D. pseudoobscura expanding upon his collaborative work with 
Dobzhansky (e.g. Sturtevant and Dobzhansky l 936a,b; Dobzhansky and Sturtevant 
1938). Provine finds in this early statement the "seeds of the GNP series: chromo
somal and genie variability, use of the variability to deduce population parameters, 
or to discriminate between the hypotheses of theoretical population geneticists" 
(Provine 1981: 45). As their friendship fell apart, differences of theoretical outlook, 
problem interests, and most importantly, methodological preferences were ampli
fied. Kohler attributes the falling out, in part, to a broader breakdown of the 
"moral economy" of the Caltech group. He links this breakdown to the decline of 
me/,anogaster as the dominant experimental system: Beadle had shifted to Neurospora, 
Dobzhansky to D. pseudoobscura, and Bridges, who sustained the mel,anogaster breed
ing program, died in 1938 (Kohler 1994: 253). Although there appears to be a real 
breakdown signaled by these events, there are also important continuities between 
the mel,anogaster system constructed by Morgan's original group and the simu/,ans and 
pseudoobscura systems deflected from the me/,anogaster exemplar by Sturtevant and 
Dobzhansky. The experimental system of the Morgan school is best characterized 
in terms of the husbandry practices, breeding methods, and representational 
strategies Morgan and his group developed from about 1910 to 1920. The system 
was first developed using D. mel,anogaster, but was soon extended to other species. 
Here we focus on Sturtevant's extension to Drosophi/,a simu/,a,ns and his and 
Dobzhansky's work with D. pseudoobscura and D. persimilis. 

The differences Provine notes between Sturtevant's 1936 formulation in his let
ter to Wright of the "Drosophi/,a pseudoobscura Analysis" and Dobzhansky's series of 
GNP papers from 1938 to 1975 are that in the former, Sturtevant assumed "The 
stocks of D. pseudoobscura already collected are considered adequate, and no men
tion is made of either comparisons of variability in local populations or of such 
population dynamics as seasonal changes of genes or inversions" (Provine 1981 : 
45). The latter are the sorts of problems relevant to Dobzhansky's views on the 
evolutionary process, newly and thoroughly influenced by Sewall Wright and 
expressed in his 1937 book, Genetics and the Origin ef Species, that he and his collab
orators took up when they went to the field to collect from numerous localities. 

Sturtevant's evolutionary interest in their joint work of the mid- I 930s centered 
on reconstructing phylogenetic relationships of chromosomal inversion patterns, 
while Dobzhansky's interest moved increasingly toward patterns of variation 
within and among natural populations that were to be explained by forces and 
processes of evolution, as articulat~d by Wright. These theoretical differences are 
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indeed reflected in the kinds of genetic maps Sturtevant and Dobzhansky 
produced, but the emergence of new kinds of maps depends on continuity of 
experimental system as well as discontinuity of theoretical interest for an adequate 

historical explanation. 
To stories of psychological, moral economic, and theoretical breakdown must 

be added the story of the underlying continuity of the Drosophila experimental 
system. Fundamental to all of its variations are core activities of breeding, cross
ing, and mapping genes, which were established in the Morgan school as the basic 
technical means by which scientific questions would be rigorously and productively 

pursued. 
Our consideration of the history of genetic mapping thus aims to trace continu-

ities less emphasized by historiographic attention to theories of evolution (e.g. Fishe:. 
and mass selection versus Wright and selection within and among subdivided pop
ulations). By tracking changes in genetic mapping, we hope to show that 
Dobzhansky "reproduced," in his geographical mapping work with pseudoobscura, 
the me/,anogaster experimental system of the Morgan school, though in a new way, as 
Kohler emphasizes (1994, ch. 8), that is suited to his different theoretical interests. 

In referring to the "reproduction" of an experimental system, which includes 
the Morgan school's extensions to simulans, pseudoobscura, persimilis, and other 
species, as well as more radical extensions to new kinds of things (such as 
geographical distributions), we follow the lead of Hans:Jorg Rheinberger: 

every system of material entities, and therefore every system of actions con
cerning such entities that can be said to possess reproductive qualities, may 
also be said to possess its own intrinsic time. Internal time is not simply a 
parameter of the system's existence in space and time. It characterizes a 
sequence of states of a system insofar as it undergoes continuing cycles of 
nonidentical reproduction. Research systems, with which I am here con
cerned, are characterized by a kind of differential reproduction by which the _ 
generation of previously unknown things through unprecedented events 
becomes the reproductive driving force of the whole machinery. 

(Rheinberger 1997: 180) 

Genetic maps are ticks of intrinsic time in the Drosophila experimental system. 
Changes in maps mark the deflected continuity through reproductive changes as 
the system generates previously unknown epistemic things. These changes are man
ifested through technical innovations and recombinations of theoretical interests. 

1 

Hybrids all the way down (and up): problems, 
protocols, and maps 

"Pure" genetic linkage niapping 

Linkage mapping began with Sturtevant ( 1913), based on Morgan's interpreta
tion of Janssens' chiasmatype hypothesis. The 1913 paper exemplifies the core 
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activity of mapping and its published inscriptions. Since we are mainly concerned 
with Sturtevant's activities in relation to the GNP series, we will not consider the 
history of linkage mapping per se, but rather focus on Sturtevant's exemplary map. 
Sturtevant begins with a description of the ingredients of his study: six factors in 
D. melanogaster that co-segregate with the X chromosome. The paper as a whole 
describes a "method used for calculating the gametic ratios" that he needed to 
produce a measure of relative distance between linked factors, using the convention 
that I % crossing over is one map unit. 

The familiar protocol is to cross parents that are homozygous for two (and later, 
more) co-segregating recessive (mutant) traits with parents carrying the homozy
gous dominant (wild type) alleles. Then, the Fl hybrids are backcrossed to the 
double recessive parents. The numbers of progeny in the F2 generation are 
counted. These fall into the two parental classes (double recessive and wild 
type), plus two new classes of recombinants-flies having one or the other but 
not both of the parental traits. (The method is nicely described in Kohler 1994: 
65-71.) The proportion of the recombinant types X 100 gives the percentage 
"crossing over" between the factors, that is, the frequency with which the 
factors are exchanged. On the chiasmatype theory, crossing over of factors is 
the result of physical exchange of chromosome pieces due to breaks between the 
physical locations of the factors on homologous chromosomes and rejoining of 
pieces of homologues. Thus, hybridizing parents results in the hybridization of 
chromosomes. 

When pairwise crosses are performed for a number of co-segregating factors, 
and linkage relations are assumed to reflect spatial order, the collection of crossing 
over relationships determines the spatial order of factors in the chromosome and 
relative distances between factors can be interpreted as a function of crossover 
frequencies. Distances between outlying factors can, for example, be predicted or 
calculated as the sum of the distances connecting intervening factors.2 

We shall see that this experimental system is also "differentially reproductive" 
in Rheinberger's sense: it could be used to generate previously unknown things, 
such as inversions, through unprecedented types of hybridization events. The 
extension of the system in this reproductive way depended on novel technical 
innovations to new modes of hybridization. 

Sturtevant was careful to point out that his mapping method does not deter
mine whether percentage crossing over represents actual spatial distances in chro
mosomes. That would require a further assumption of "uniform strength" 
(resistance to breaking and recombining) along the length of the chromosome. He 
also pointed out that the most accurate results will obtain in crosses between fac
tors that are close together, to avoid the possibility of double crossing over that 
would give the same proportions among offspring classes as no recombination, 
thus undercounting the number of crossovers and therefore underestimating 
distance. · 

The culmination of the paper is a single diagram (Figure 4. I), a linear linkage 
map representing the order relationships and relative distances among the factors 
studied. 
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Figure 4.1 Sturtevant ( I 913), linear linkage map, representing the order relationships and 
relative distances among the factors studied by recombination analysis. The line 
represents a chromosome; symbols indicate the names of factors; numbers indi
cate relative distance as measured by recombination frequency. (Reprinted from 
Sturtevant, A.H. "The Linear Arrangement of Six Sex-linked Factors in 
Drosophila, as shown by their Mode of Association," Journal ef Experimental 
Z,oology, © 1913, by permission of Wiley-Liss Inc. a subsidiary of John Wiley & 
Sons Inc.) 

The rest of Sturtevant's paper considers potential complications due to double
and higher-order crossing over as well as discrepancies in distances measured 
among the same factors by other studies. 

Co,nparative linkage ,napping of inversions 

In 1920, Sturtevant reported on the genetics of D. simulans, a species he named in 
1919. The experimental breeding and mapping system for genetic analysis that 
was developed in D. melanogaster was extended to D. simulans in a very literal sense 
in the 1920 paper: Sturtevant hybridized the two species by crossing female 
melanogaster to male simulans. All previous attempts to hybridize Drosophila species 
had failed. 

Although the material content of the experimental system was hybridized in a 
new way-species hybrids rather than strain hybrids within species-the form of 
the experimental protocol was conserved in this new work as far as the material 
permitted. Hybridization between species would be the basis for extending _ 
genetic analysis to problems of species differences, speciation, and some aspects 
of evolution, just as hybridization between pure trait lines within species had been 
the basis of the Mendelian methodology at the center of the Morgan school's 
melanogaster-based experimental system. 

However, the resulting offspring in Sturtevant's melanogaster X simulans crosses were 
all female and all sterile. According to Provine, this was "a sadness" to Sturtevant 
because it represented a limit to the extension of the melanogaster experimental 
system to trans-species evolutionary problems (Provine 1991: 2).3 No backcross of 
these sterile flies could be made to parental types, so conventional mapping could 
not be carried to completion. As Sturtevant wrote: 

It had been hoped, had the hybrids been fertile, that the genetic make-up of 
simulans could be studied through the hybrids. This hope disappeared when 
the hybrids were found to be sterile, so the problem had to be attacked in 
another way,-namely, by studying the genetics of pure simulans. 

(Sturtevant 1921a: 43; quoted in Provine 1991: 2) 
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The reciprocal cross as well as crosses involving non-disjunction XXY females of 
either species produced a variety of "regular" and "exceptional" male and female 
offspring. Exceptional offspring are those that receive sex-linked genes from other 
than the usual parent (daughters getting all, rather than half, their sex-linked 
genes from their mother; sons getting all their sex-linked genes from their father, 
rather than their mother). 

The sterility of trans-species hybrids together with the sex-ratio bias among 
progeny led Sturtevant to speculate about, and then plan more experiments to 
explore the causes of, his results (e.g. incompatibility of melanogaster X chromosomes 
and simulans cytoplasm) as well as mechanisms that might prevent such hybridiza
tion from occurring in the first place ("sexual selection" or mating preferences). 

In 1921, Sturtevant reported on the comparative gene arrangements of 
melanogaster and simulans, using his newly identified alternative means of attack 
through the linkage mapping of "pure" simulans, that is, hybridizing among simulans 
lines within that species. He mapped several similar genes in both species and 
used hybrids between the species to determine whether the genes from each were 
allelic or not. The mutant factors "dachs" and "deltoid" in simulans resembled 
factors in melanogaster, for example, but were not allelic because they occur in dif
ferent chromosomes. Deltoid, however, resembles delta in melanogaster and each is 
lethal when homozygous recessive. Because hybrid offspring in crosses of delta 
melanogaster with deltoid simulans do not develop, Sturtevant inferred that simulans 
deltoid is allelic to melanogaster delta. By similar sorts of trans-species hybrid tests 
of allelism, combined with linkage mapping in each pure species, Sturtevant 
was able to produce linkage maps for allelic loci in both species. He found that the 
same three loci do not occur in the same order in the two species. Three simulans 
genes occur in the order: scarlet, deltoid, peach, while the same genes in 
melanogaster occur in the order: scarlet, peach, delta. Sturtevant explained the dif
ference as the result of an "inversion" of the segment of chromosomes carrying 
the genes (1921b: 235-7). 

The pair of linkage maps thus maps an inversion between the two species by 
means of comparison (Figure 4.2). 

Sturtevant studied many inversions by means of "comparison genetics," 
deflecting the melanogaster experimental system to the study of hybrid sterility by 

0.0 dachs 0.0 roughoid 
14.2 scarlet 
39.0 deltoid 41.5 scarlet 

44.5 peach 
76.5 peach 63.5 delta 

101.0 minute-23 

Figure 4.2 Sturtevant ( 1921 ), two-species linkage comparison map between 
D. melanogaster and D. simulans, the first documentation of a chromosomal 
inversion. 
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Figure 4.3 Sturtevant and Plunkett (1926), comparison map, showing a chromosomal 
inversion hybrid by means of crossing dotted lines that connect loci between 
hybridized chromosomes. (Originally published in Tlze Biological Bulletin.) 

mapping inversion hybrids, for example, this one (Figure 4.3) from Sturtevant and 

Plunkett ( 1926). 
The core hybridization protocols remain the same as in "pure" linkage map

ping, although the "strains" separately husbanded now come from distinct species 
and the comparison of pure linkage maps and hybrid tests of allelism replace sin
gle linkage maps produced from the backcross hybrids. Comparative inversion 
mapping is the result of a new way of using the Drosophila experimental system; 
the generation of previously unknown things-inversions-can become the driv
ing reproductive force of the deflected system because of its fundamental continuity 
with the undeflected experimental system. 

Cytological inversion maps 

In 1933 and 1934, Painter (Figure 4.4) described a new method of genetic map
ping in D. melanogaster: cytological mapping of stained chromatin bands from -
chromosomes of the salivary gland cells. 4 We will not here go into detail about the 
cytological methods involved in visualizing these chromosome banding patterns. 
Most interesting for our purposes is Painter's mapping of the correspondence • 
between factors in the genetic linkage map and bands in the cytological map for 
the X chromosome. 

Because the cytological technique is fairly simple compared to the breeding 
methods required to do a linkage analysis of a whole chromosome, a scientist pri
marily interested in inversion patterns might prefer the quicker and visually quite 
accurate cytological methods, provided the correspondence with the linkage map 
was adequately established. This seems to have been Dobzhansky's preference. In 
his 1936 paper with Sturtevant on the association of a "sex-ratio" gene with an 
inversion in the A and B races of D. pseudoobscura, complex linkage studies of 
hybridizations between the races as well as cytological studies were performed. 
A whole series of linkage maps are presented along with the claim that cytologi
cal studies confirmed the existence and position of the inversion (Sturtevant and 

Dobzhansky 1936a). 
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Figure 4.4 Painter (1933), cytological map of the X chromosome in D. melanogaster pro
duced by staining chromatin bands of chromosomes of the salivary gland cells. 
Slanting vertical lines show correspondences between the genetic linkage map 
(above) and cytological banding map (below). (Reprinted with permission from 
Painter, T.S. '½ New Method for the Study of Chromosome Rearrangements 
and Plotting of Chromosome Maps," Science, 78: 585-586, © 1933 American 
Association for the Advancement of Science.) 

This seems to be the last time Dobzhansky published a paper in which the 
production of new linkage maps played a substantial role in his thinking. Once 
the correspondence between the two kinds of maps was established, direct study 
of cytological maps was much faster and afforded the possibility of characteriz
ing the large number of population and species hybrids needed for investigating 
the evolutionary genetics of natural populations. There are no linkage maps in 
Dobzhansky's 193 7 book, Genetics and the Origin ef Species, although there are cyto
logical maps. It is noteworthy that Dobzhansky's cytological maps are maps of 
inversion hybrids (in this case repeating a diagram from a 1936 paper coauthored 
with Tan (Figure 4.5)). 

Cytological inversion hybrid maps initially did the same work for Dobzhansky 
that the genetic linkage data for detecting inversion hybrids had· done. They 
revealed genetic variation within and among species. The possibility of rapid 
assessment of inversion hybrids was important for the establishment of the GNP 
series because linkage mapping could not have provided enough data fast enough 
to sustain an acceptable rate of production. The existing methods using the orig
inal experimental system ("pure" genetic linkage mapping) or its deflected hybrid 
(comparative linkage mapping) required, for each comparison, either fertile 
hybrids (to make backcrosses) or two series of linkage studies (one for each strain, 
race or species) plus hybrid tests for alleleism (for comparative genetics). 

Perhaps more important still is that the relaxation of these particular demands 
of linkage mapping led to new mapping possibilities envisioned for the cytolog
ical work by Sturtevant in his letter to Wright and in the joint papers of 1936 
and 1938 (from work performed in 1936). Provine (1981, 1991) emphasizes the 
limitation Sturtevant felt in studying melanogaster X simulans hybrids because the 
Fl offspring were sterile. We have seen that he got around this limitation with 
comparative genetic mapping. When cytological mapping entered the picture, a 
new possibility was generated because of the cytological method's ability to detect 
complex patterns of inversion quickly, easily, and accurately: if multiple inversions 
overlap one another, then it is possible to construct a historical scenario for the 
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F~gure 4.5 Dobzhansky (1937), inversion hybrid cytological maps of D. pseudoobscura crossed 
with D. miranda. (Reprinted from Genetics and the Origfo ef species by T Dobzhansky, 
© 1937 Columbia University Press, with permission of the publisher.} 

temporal sequence of inversions. In their move to extend the Drosophila 
experimental system to pseudoobscura, Sturtevant and Dobzhansky exploited a novel 
feature of pseudoobscura: the large number of inversions in chromosome III of 
pseudoobscura compared to other species of Drosophila and compared to other 
chromosomes of pseudoobscura. :Moreover, several inversion sequences may occur in 
a given locality. The prospects were vast for hybridization studies, the core tech
nique for analyzing variation using a genetic experimental system, and which 
could be analyzed cytologically. Thus, the deflection of the Drosophila system to 
study inversion hybrids by cytological methods in pseudoobscura generated still more 
unknown things. 

Phylogenetic maps 

Different chromosomal inversions detected by cytological methods and found 
to occur on the same chromosome in the species, for example, on the third 
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chromosome in D. pseudoobscura, may or may not be overlapping. Where inversions 
do overlap, it is possible to make inferences about the degree to which the 
chromosomes are genealogically related. That is, temporal relations can be 
inferred on the basis of patterns of spatial relations, and phylogenetic maps con
structed as a result. Dobzhansky and Sturtevant worked together during 1935-36, 
examining the hybrids produced by crossing A and B races of D. pseudoobscura 
in order to establish phylogenies for the species. Results of this phylogenetic 
research were first published in 1936, in a paper coauthored by Sturtevant and 
Dobzhansky titled "Inversions in the Third Chromosome of Wild Races of 
Drosophila pseudoobscura, and Their Use in the Study of the History of the Species" 
(Sturtevant and Dobzhansky 1936b). 

The pedigrees of overlapping inversion patterns detectable in hybrids of 
third chromosomes in D. pseudoobscura gave, in Sturtevant's words, " ... the possi
bility of constructing an honest-to-God air-tight phylogeny" (quoted in Provine 
1981: 43). His confidence stems from features of the cytological preparations of 
salivary gland chromosomes and the nature of inversions: homologous chromo
somes in progeny that are heterozygous for an inversion will produce a charac
teristic "loop-like" configuration in salivary gland cell preparations rather than 
the linear banding patterns (Dobzhansky and Sturtevant 1938: 29; see also 
Dobzhansky 1937). 

The upper part of Figure 4.6 shows a conventional coordinate system and 
cytological map. There is no corresponding linkage map provided. None is 
needed for the new kind of work. The lower part of the figure shows various cyto
logical inversion maps in hybrids from various pairs of localities. All show the loop 
structure characteristic of inversion heterozygotes. 

Dobzhansky and Sturtevant then establish the continuity of the new 
method they are about to describe with the comparative genetics that Sturtevant 
developed in his deflection of genetic linkage to the melanogaster X simulans 
experimental system: "This chromosome pairing furnishes an easy and accurate 
method for comparison of the gene arrangements in different strains of the same 
species, or in different species if these can be crossed" (Dobzhansky and Sturtevant 
1938: 29). 

They then go on to summarize the method for producing the data needed for 
addressing this historical question of phylogeny: 

A strain is selected the gene arrangement in which is arbitrarily chosen as 
a standard. Strains to be tested are crossed to the standard one, and the chro
mosomes are examined in the salivary glands of the larvae of the first 
generation hybrids. If the strains crossed are identical with respect to gene 
arrangement, all the chromosomes in the hybrids are represented by paired 
strands radiating from the chromocenter. If the gene arrangements are dif
ferent in any respect, some of the chromosomes in the hybrids show abnor
mal pairing configurations, from the appearance of which the precise nature 
of the difference can be deduced. 

(Dobzhansky and Sturtevant I 938: 29) 
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Figure 4.6 Dobzhansky and Sturtevant (1938), cytological inversion hybrid maps of 
D. pseudoobscura third chromosomes showing a conventional coordinate system 
and cytological map (above) and cytological inversion maps in hybrids from var
ious pairs of localities (below). Note the recombination frequency key in the 
lower right of the figure, analogous to a distance key in a traditional geographic 
map. (Reprinted with permission of the Genetics Society of America.) . 

As Sturtevant pointed out in the 1936 letter to Wright, one could not tell "where 
one is to start the pedigree" because the method outlined here takes some 
arrangement arbitrarily as a standard of comparison. However, using a parsi
mony argument (1938: 32-3), multiple sets of relationships can yield fairly robust 
conclusions about the temporal order of occurrence of new gene arrangements 
(e.g. inversion patterns) as well as about pairwise temporal relationships in pair
wise hybridizations. They describe a hypothetical set of three arrangements 
related by the occurrence of inversions: 

[I]f the three arrangements, ABCDEFGHI, AFEDCBGHI, and AFEHG
BCDI, are all observed to occur in nature, the probability of the direct ori
gin of the first from the third, or vice versa, becomes almost nil. Indeed, this 
would involve the assumption that due to a mere coincidence the chromo
some has been broken at exactly the same two places on at least two separate 
occasions .... It follows, then, that the phylogenetic relationships of the three 
gene arrangements represented above must be 1 ➔ 2 ➔ 3, or 3 ➔ 2 ➔ I, or 
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I f-- 2 ➔ 3, but not I H 3. In other words, although we can not determine 
directly which of the three arrangements is the ancestral and which are the 
derived ones, if any one is selected as the original then the course of the 
evolution is thereby fixed. 

(Dobzhansky and Sturtevant 1938: 29) 

The phylogeny Dobzhansky and Sturtevant produce for gene arrangements in 
the third chromosome of D. pseudoobscura (also printed in Dobzhansky 1937: 93, 
fig. 7) includes double-headed arrows between gene arrangements which the col
lective evidence provides no parsimonious way to decide is ancestral. Other 
arrangements are inferred not to be ancestral because they would necessitate 
more "steps" to produce the rest of the arrangements. These are related to others 
by single-headed arrows (Figure 4.7). 

It is important to note several continuities as well as discontinuities between this 
kind of map and previous ones. First, the phylogeny maps temporal relationship 
(two-headed arrows) and temporal order (one-headed arrows) rather than spatial 
order as in linkage maps. Also, there is no measure of relative temporal distance 
between arrangements as there is for relative spatial distance. On the other hand, 
many linkage maps show only spatial order rather than relative distance, especially 
when different linkage studies confirmed a given order but found statistically 
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Figure 4.7 Dobzhansky and Sturtevant (1938), phylogeny map of gene arrangements in the 
third chromosome of D. pseudoobscura. Single-headed arrows indicate the direc
tion from ancestral to descendant arrangements, based on the assumption that 
evolution proceeds parsimoniously: rearrangements requiring fewer inversion 
steps would be more likely than those requiring more steps. Double-headed 
arrows imply that there is no parsimonious way, based on the evidence, to decide 
which arrangement is ancestral. (Reprinted with permission of the Genetics 
Society of America.) 
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significant differences in crossover frequencies. Most relevant to our claims about 
continuities among experimental systems, chromosome inversion phylogenies are 
built out of hybridization and detection of inversions, even if these are via cyto
logical mapping rather than linkage mapping. They nevertheless depend on 
building an aggregate map from a series of pairwise hybridizations. It is the new 
notion that hybridized gene arrangements, detectable in salivary gland cytological 
preparations, are the genetic entities in the pseudoobscura system that make this 
system a deflection of the previous ones. 

As pointed out earlier, one motivation for using pseudoobscura was the abundant 
variation of inversion patterns within and among localities and populations as 
well as among chromosomes, strains, races, and species. Perhaps this heterogene
ity of "genetic entities" is what allowed Dobzhansky and Sturtevant to collabo
rate for a time in the use of this system. Sturtevant was clearly interested in 
reconstructing phylogenies in a way that Dobzhansky was not (Provine 1981 ). 
Dobzhansky had been interested in variation in nature and found a way to exploit 
the pseudoobscura experimental system to those ends in the GNP series. 

Geographical inversion maps 

Genuine geographical maps, on which are marked the localities from which the 
flies bearing particular gene arrangements were collected, appear in publications 
by Sturtevant and Dobzhansky during this same period. These geographical 
distribution maps at first present only simple "locality" data-the presence of an 
arrangement at a place. 

Maps representing the geographical distribution of gene arrangements in races 1 

A and B of D. pseudoobscura appear in Dobzhansky's 1937 Genetics and the Origin ef 
Speci.es and in the 1938 paper, "Inversions in the Chromosomes of Drosophila 
pseudobscura," coauthored by Dobzhansky and Sturtevant (Figure 4.8). It is possi
ble to discern the geographical ranges of the various chromosomal types from 
these maps, but there is no indication of the frequencies with which these types 
occur at given locations. Observations of even a single case of a particular gene 
arrangement are included. Thus, the geographical variability that is mapped is 
qualitative, not quantitative. Similarly, the 1937 paper by Sturtevant and 
Dobzhansky, "Observations on the Species related to New Forms of Drosophila 
affinis, with Descriptions of Seven," contains a geographical map that represents 
the North American distribution of species and subspecies related to D. affinis and 
D. pseudoobscura without indicating the relative frequencies with which species and 
subspecies types are found. 

These geographical inversion maps that depict qualitative patterns of variabil
ity in gene arrangements across the geographical range of D. pseudoobscura become 
juxtaposed in interesting ways with the phylogenetic maps constructed from over
lapping chromosomal inversions. The 1938 paper coauthored by Dobzhansky 
and Sturtevant combines the phylogenetic and geographical distribution maps 
in order to draw a "working hypothesis" concerning the likely evolutionary his
tory of D. pseudoobscura. Connections are made between the phylogenetic relations 
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Figure 4.8 Dobzhansky and Sturtevant (1938), geographical map of gene arrangements in 
race A of D. pseudoobscura. The map indicates geographical localities and, impli
citly, ranges, but there is no indication of the frequencies with which these types 
occur at given locations. Observations of even a single case of a particular gene 
arrangement are included. (Reprinted with permission of the Genetics Society 
of America.) 

among various chromosomal inversion types and their present-day patterns of 
geographical distribution in an attempt to discover the site of · origin for each 
chromosomal type and to reconstruct migration histories. For example, the "guid
ing hypothesis" accepted by the authors is that the geographical origin of the 
pseudoobscura group is the Pacific Coast Region since all three of the likely "original 
forms" of third chromosomes (Santa Cruz, Hypothetical, and Standard) are found 
there. Race B is supposed to have originated in the southern part of its range (mid
to southern California) and spread northward because Standard, the postulated 
ancestral sequence for B, is most prevalent there and Sequoia I, the only sequence 
derived directly from Standard, is found just there. A section of the 1938 paper 
titled "The relative frequencies of different gene arrangements within a region" 
indicates that quantitative data were being collected so that the proportions of the 
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difierent inversions at each location could be discerned. Preliminary results from 
data collected in central and southern California between April 1936 and April 
193 7 appear in a chart. A number of ways of mapping these inversion frequencies 
are developed in Dobzhansky's subsequent publications. 

Geographical frequency ,naps 

In the papers of the GNP series, and in Dobzhansky's work with GNP contri
butors (e.g. Dobzhansky and Epling I 944), a variant type of geographical map 
appears. These include not just locality data, but ftequencies of the various gene 
arrangements present at that locality. A prototype of the geographical frequency 
map appears in the 1936 Sturtevant-Dobzhansky paper on "sex-ratio" (Sturtevant 
and Dobzhansky 1936a). 

The map (Figure 4.9) shows numbers of tested chromosomes sampled from 
various localities either carrying, or not carrying, the sex-ratio gene mentioned. 
Frequencies could be inferred from the data presented in the map. It is not clear 
whether Sturtevant or Dobzhansky provided the impetus for including this data 
in the published map. A particularly dear form of geographical frequency map 
appears in Dobzhansky (1944), the second essay in the monograph by 
Dobzhansky and Epling. In this kind of map, frequencies are represented in a 
histogram and linked to localities on the map (Figure 4.10). 

To obtain frequency data for chromosomal inversion types in different popula
tions, the chromosomal inversion mapping system had to be exploited in a new 
way. The limitations of the methods Sturtevant and Dobzhansky were using in 
the mid- l 930s in furnishing a quantitative analysis of the variability in natural 
populations is discussed in the coauthored 1938 paper. Laboratory strains of 
pseudoobscura had been derived from single wild females with several strains iso
lated in most locations. This provides qualitative information but only "rough" 
quantitative data. One particular concern expressed was that "the variety of gene 
arrangements originally present in a given strain may be decreased if this strain 
is kept in the laboratory for many generations" (Dobzhansky and Sturtevant 
1938: 30). An alternative technique for quantitative analysis was suggested: that 
the chromosomal makeup of captured males and male offspring of captured 
females be studied by outcrossing with a female of a known laboratory strain. 
This made it possible to screen large numbers of flies from the same population. 

The papers of the GNP series include many geographical locality maps, more 
in fact than there are geographical frequency maps. There are even more fre
quency tables associating localities with frequencies of gene arrangements. 
Frequency data were clearly of critical importance to tracing, interpreting, using, 
and testing the implications of Sewall Wright's mathematical theory of evolu
tionary population genetics. However, data tables are a different kind of visual 
objects than maps and outside the scope of our story. As we will see in the 
next section of the chapter, Dobzhansky introduced a variety of geographical 
frequency maps in support of different hypotheses concerning evolutionary 
mechanisms, especially, as time went on, natural selection. 
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Figure 4.9 Sturtevant and Dobzhansky (1936), proto-geographical frequency map, showing 
the distribution of a "sex-ratio" gene in races A and B of D. pseudoobscura. Gene 
frequencies can be inferred from the data presented. (Reprinted with permission 
of the Genetics Society of America.) 

Pragniatic aspects of geographical maps 

Pragmatists recognize that scientific content is shaped by aims, interests, and values 
embedded in particular contexts of explanation. Some of those who are skeptical 
about a pragmatic account of scientific explanation may admit that such aims, 
interests, and values creep in when humans are objects of knowledge, but not 
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Figure 4.10 Dobzhansky and Epling ( 1944 ), geographical frequency map, with frequencies 
indicated by histogram bars linked to corresponding localities by dotted lines. 
(Reprinted with permission of the Carnegie Institution of Washington 
Publications.) 

otherwise. However, published geographical maps arising in the course of the 
research into the genetics of natural populations of D. pseudoobscura that was 
undertaken, first by Sturtevant and Dobzhansky jointly and subsequently by 
Dobzhansky and collaborators other than Sturtevant, indicate how divergences 
in theoretical preferences are associated with diverse ways of ordering genes 
(or chromosomal types) in space and in time. 
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It is not surprising that maps would serve as reliable indicators of changes in 
theoretical interests. It seems incontestable that in so far as we regard maps as rep
resentations, we have to understand them as pragmatically constituted. Maps 
are not pictorial representations of the world; they are not photographs. Maps are 
abstractions that privilege some features of the world and ignore others. Maps 
are perspectival-what gets included on a map and what gets left off of a map 
depends on the aims, needs, interests, and conventions associated with specific 
incidences of map-making. One assumes that maps are accurate representations 
if the particular spatial (or temporal) relations chosen for depiction are indeed so 
ordered in the world. But this recommends the map as good or bad only relative 
to a given context. This pragmatic character of maps-their context-dependence 
and contingent privileging of some features of the world over others-makes 
them valuable tools for helping us to find our way around the terrain of population 
genetics research. 

In 1913, when Sturtevant invented linkage mapping, theoretical interests in 
the Morgan lab at Columbia University were focused on structure-function 
relations. Mutant flies were laboratory tools that provided the means of identify
ing physiologically important genes and uncovering the basic mechanisms of 
heredity that determine how traits are passed from parents to offspring. 
This treats mapping relations as if they are invariant across space and time. 
Variation in the species is a necessary condition for the discovery of any structure
function relations, and yet regions of the chromosome are ascribed functions 
relative to a presumed homogeneity of chromosome, cell, organism, and species. 
Since linkage maps represent the chromosomal arrangement of genes for the 
species, they establish a species-invariant norm. Comparative linkage inversion 
maps, cytological inversion maps, phylogenetic maps, geographical inversion 
(distribution) maps, and geographical frequency maps reflect a di(ferent set of 
theoretical interests, that is, interests in the problems of evolutionary biology. 
Geographical maps recognize the genetic heterogeneity of species explicitly; 
they are products of the realization that this heterogeneity is not just fodder for 
structure-function studies in the laboratory but merits investigation in its own 
right out in the field. 

Sturtevant and Dobzhansky came to their collaborative work on the natural 
populations of D. pseudoobscura with research interests that were similar in many 
ways. Both were interested in taxonomy. Dobzhansky worked on ladybird beetles 
in Russia before coming to the United States to do postdoctoral research in 
Columbia University's famous "fly room." Sturtevant was a taxonomist of 
Drosophila species since his student days, collecting wild Drosophila for this pur
pose on his travels (Provine 1991 ). Both were keenly interested in evolution and 
the mechanisms of speciation, in particular in identifying the genes responsible 
for the development of interspecific sterility. These complementary interests faci
litated their joint study of chromosomal inversions in natural populations of 
D. pseudoobscura and their efforts to extend the experimental system from labora
tory to field. However, the collaboration was short-lived. The geographical maps 
that were associated with their collaborative research, and the ways in which 
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Sturtevant and Dobzhansky each made use of these maps, are indicative of the 
diverging pathways their theoretical interests came to take. 

The most extensive reports on Sturtevant's and Dobzhansky's collaborative 
efforts studying D. pseudoobscura appeared in Dobzhansky's 1937 Genetics and the 
Origin ef Species and in a coauthored 1938 article in Genetics titled "Inversions in the 
Chromosomes of Drosophila pseudoohscura." A phylogenetic map of gene arrange
ments in the third chromosome of D. pseudoobscura and a map representing the dis
tribution of gene arrangements in race A of D. pseudoobscura are found in both 
publications; a map of the geographical distribution of gene arrangements in 
race B is found only in the 1938 article. The 1938 paper closely combines infor
mation provided by the phylogenetic and geographical inversion maps, moving 
from one to the other to propose a "working hypothesis" concerning the likely 
evolutionary history of D. pseudoobscura. Emphasis is on the geographical origins 
of different chromosomal inversion types found in races A and B and how migra
tion from these sites of origin explains current distribution patterns. There are 
three gene arrangements (two actual and one hypothetical) viewed as contenders 
for the species' ancestral or "original form." The Pacific Coast region, where they 
are found, is proposed as the geographical origin of the group. Because Drosophila 
species most closely related to pseudoobscura are found in Europe and not the east
ern United States, the recommendation is made that additional research be carried 
out on Drosophila in northern Asia in order to be able to estimate the time and 
direction of migrations between Europe and North America. 

Interestingly, in Genetics and the Origin of Species, Dobzhansky mentions none of 
these hypotheses concerning the evolutionary history of D. pseudoobscura. The 
maps appear there, but they are not combined in this way. In the section on 
"Inversion and racial differentiation" where the phylogenetic and geographical 
maps for D. pseudoobscura appear, Dobzhansky draws attention to the geographical 
map of gene arrangements in race A to emphasize the "almost bewildering 
amount of variation in the gene arrangement within the species" (Dobzhansky 
1937: 92) and the presence of 

all the intermediates ... between the condition where a gene arrangement 
may be described as an 'individual variation' in flies coming from a definite 
locality, and one where a definite chromosome structure becomes an estab
lished racial characteristic for a certain fraction of the species. 

(Dobzhansky 1937: 94-5) 

In the chapter on "Selection," Dobzhansky correlates distribution regions of races 
A and B with selection due to temperature differences. In other words, geograph
ical patterns of chromosomal diversity are important for what they say about race 
formation and causes of evolution generally, and not origins and historical migra
tions in pseudoohscura specifically. 

It is safe to say that phylogenetic maps reflect life-long interests of Sturtevant's. 
As a young student, he traced the pedigree of his family's horses; in his later years, 
he charted intellectual pedigrees in a book on the history of genetics (Lewis 1995). 
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Dobzhansky became interested in phylogenetics only while working with 
Sturtevant in 1935-36. As he wrote in a letter to Miloslav Demerec: 

Sttt and myself are spending the whole time studying the inversions in the 
third chromosome in geographical strains of pseudoobscura. We are con
structing phylogenies of these strains, believe it or not. This is the first time in 
my life that I believe in constructing phylogenies, and I have to eat some of my 
previous words in this connection. 

(Demerec correspondence [B/D 394]: Feb. 17, l 936 
letter from Dobzhansky; underline in original) 

The project outline Sturtevant sent to Wright in March 1936 refers to the need to 
construct both phylogenetic and geographical inversion maps. It mentions the 
goal to construct "an honest-to-God air-tight phylogeny" by means of overlap
ping chromosomal inversions. Geographical distribution maps (for third chromo
some inversions, variant Y-chromosomal types, and modifiers) are deemed 
important specifically for what they will contribute to the solution of "historical 
problems." As we have seen, Provine considers this outline to be the foundation 
for the research Dobzhansky later carried out, the "seeds of the GNP series" 
(Provine 198 I: 45). But it is important not to overestimate such continuities: 
already, in I 936, Dobzhansky's theoretical interests were diverging from 
Sturtevant's. As just mentioned, geographical distribution maps are not used at all 
for "historical problems" by Dobzhansky in Genetics and the Origi,n of Speci,es, and 
this book is based on theJesup lectures he gave at Columbia University in the fall 
of 1936. 

In Genetics and the Origin of Species, Dobzhansky uses geographical distribution 
maps as qualitative representations of causal mechanisms of evolution in natural 
populations: how individual genetic or chromosomal differences are compounded 
into racial and species differences and the effects of temperature differences on 
natural selection. In the opening chapter, Dobzhansky makes his theoretical pref.. 
erences-and the direction evolutionary geneticists should take-quite clear. He 
refers favorably to Darwin as unique among nineteenth-century biologists for his 
focus on "the causal rather than the historical problem" (Dobzhansky 1937: 8). 
Dobzhansky characterizes genetics, like physiology, as a "nomothetic" ~aw-creating) 
science. He urges evolutionary biologists to adopt an experimental approach that 
focuses on such mechanisms, to investigate "the common properties of living 
things" (Dobzhansky 1937: 6). Evolutionary biologists should no longer seek to 
describe the past using phylogenies for these pertain only to "the peculiarities of 
separate species" (Dobzhansky 1937: 6). In other words, D. pseudoobscura is inter
esting to the geneticist because of what it says about the mechanisms of evolution 
in all species, and not because of its own evolutionary history. Dobzhansky 
wanted to understand evolution as "a process of change or movement" and not 
as "a cross section of phylogenetic lines" (Dobzhansky 1937: 12). 

Subsequent variations in geographical mapping strategies continue to be useful 
indicators of changes in Dobzhansky's theoretical preferences. During the late 
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1930s and early 1940s, influenced by Wright's shifting balance theory, 
Dobzhansky focused on genetic changes in populations due to random drift and 
how drift operates as a significant evolutionary factor only in small, fairly isolated 
populations. So we find in GNP I (coauthored with Queal) and GNP III 
(authored by Koller) efforts to determine breeding population size. The maps that 
appear in these articles are topographical maps with collecting sites marked on 
them. Possible geographical barriers to gene exchange that subdivide populations 
into smaller breeding units are marked: the desert valleys that separate the 
mountain ranges east of the Sierras into "island-like mountain forests" in GNP I 
and the canyons of a single mountain range, the Panamint Range, in GNP III 
(Dobzhansky and Queal 1938; Koller 1939) (Figures 4.11 and 4.12). 

GNP IV (Dobzhansky 1939) provides geographical distribution maps of third 
chromosomal inversion and Y-chromosomal types, as in the 1938 paper but for 
Mexico and Guatemala. Although he refers to the phylogenetic map published 

Figure 4.11 Dobzhansky and Queal (1938), GNP I topographic collection map. Collecting 
sites near the Mojave Desert, California, are marked on a topographical map 
and possible geographical barriers to gene exchange that subdivide populations 
into smaller breeding units are indicated. (Reprinted with permission of the 
Genetics Society of America.) 
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Fig;;.re 4.12 Koller (1939), GNP III topographic•collection map in the Panamint Range 
near Death Valley, California. (Reprinted with permission of the Genetics 
Society of America.) 

in 1938, Dobzhansky makes no "historical" use of it. Instead, he focuses on dis
tribution patterns of the chromosomal types, attending especially to discontinuities. 
The discontinuous distribution of Y-chromosomal types points to the Isthmus of 
Tehuantepec as a boundary between Mexican and Guatemalan populations 
(Figure 4 .13). 

Qualitative and quantitative differences in third chromosomal inversions sug
gest a division between populations of east-central Mexico and of west-central 
Mexico and Guatemala. For the species as a whole, its range extending north to 
British Columbia, Dobzhansky divides third chromosomes into "northern types" 
and "southern types," noting that there are no chromosomal types common to the 
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Figure 4.13 Dobzhansky (1939), GNP IV geographical distribution map of Y-chromosome 
arrangements in Mexico and Guatemala, showing their discontinuous distri
bution. (Reprinted with permission of the Genetics Society of America.) 

northern and southern limits of the distribution. He represents intervening areas 
as a "mixture" of the two types, "northern" and "southern." 

However, from the mid- l 940s on, Dobzhansky began to favor natural selection 
as the predominant mechanism of evolutionary change. Geographical maps no 
longer point to discontinuities in chromosomal types, population boundaries, and 
barriers to gene exchange but to temporal changes in inversion type frequencies 
and relationships between these frequencies and selective features of the environ
ment. The appearance of geographical frequency maps marks this change in 
Dobzhansky's theoretical preferences. In GNP XVI (Dobzhansky 1948), collecting 
sites are marked on an ordinary map of the Yosemite Park region accompanied by 
a graph that shows horizontal and vertical distances between these sites. Also 
included are graphs of the relative frequencies of three chromosomal types at dif
ferent elevations and at different times of the year. (These images are superimposed 
in Figure 4.14.) 

The temporal dimension is also incorporated in geographical frequency maps 
that track frequencies in chromosomal types at regular intervals over a number of 
years, ultimately over three decades (GNP XXVII [Dobzhansky 1958], GNP 
XXXV [Dobzhansky et al. 1964], GNP XXXVIII [Dobzhansky et al. 1966], and 
GNP XLII [Anderson et al. I 975]). Dobzhansky continued throughout his career 
to be interested in causal mechanisms, not "historical problems." Although the 
GNP XLII (Anderson et al. 1975) paper includes a revised phylogenetic chart 
(with race B renamed D. persimilis), no use is made of it. Not only was Dobzhansky 
uninterested in historical migrations, he was also extremely dismissive of migration 
per se as a causal explanation of patterns of genetic variation. He argued against 
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Figure 4.14 ~ob~ha~sky (1948), GNP XVI geographical, topographical, and frequency 
d1stnbuuon maps of D. pseudoobscura chromosomal arrangements in California. 
Dobzhansky's figure I and figure 3 are juxtaposed. (Reprinted with permission 
of the Genetics Society of America.) 
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the possibility that, in pseudoobscura, migration from neighboring populations 
could be responsible for seasonal fluctuations in inversion frequencies (GNP XVI) 
or for the changes in inversion frequencies that were tracked in Californian 
populations over many years (GNP XXVII, XXXV, XXXVIII, XLII). In GNP 
XXVI (Dobzhansky 195 7), a paper on D. willistoni, Dobzhansky admits that 
observations that genetic polymorphism gradually decreases moving from the 
South American continent to larger/closer islands and then to smaller/farther 
islands can be explained by assuming that willistoni originated on the continent 
and then spread gradually to islands off the coast. But he prefers an explanation 
that does not appeal to "chance" and "historical factors." This is that polymor
phism is an adaptive response to environmental diversity and will be more pro
nounced where greater variety in ecological niches exists-on the mainland more 
than islands, on larger more than smaller islands. 

These geographical maps, then, are indicators of theoretical interests that 
point to divergences between Sturtevant and Dobzhansky and changing prefer
ences in Dobzhansky's own work. Sturtevant was interested in using geographical 
maps in combination with phylogenetic maps to understand the evolutionary his
tory of D. pseudoobscura. Dobzhansky found geographical maps valuable for their 
qualitative representations of causal mechanisms in evolution more generally, 
focusing initially on drift and then on selection. Diverging interests led these the
orists to situate themselves and their investigations differently with respect to 
space and time and determined whether it was spatial and temporal continuities 
or discontinuities that would be privileged. To construct phylogenetic maps, one 
must attend to the spatial continuities of chromosomes-homologies or, in the 
case of pseudoobscura, the extent to which chromosomal inversions overlap. For the 
study of drift and isolation as mechanisms of evolutionary change, it is necessary 
to find spatial discontinuities-in the geographical distribution of alleles (or chro
mosomal types) and in geographical features as potential barriers to migration 
and gene exchange. At the same time, this bounds populations to render them dis
crete spatio-temporal objects. The study of natural selection as a mechanism of 
evolutionary change requires focus on patterns of gene (or chromosomal) varia
tion in space and over time. Spatial discontinuities are de-emphasized. 
Geographical differences are important if involved in creating selection pressures 
(e.g. different temperatures at different elevations) but these can be represented as 
"patchy." Geographical barriers become conceived in terms of how they might be 
overcome for the spread of adaptive gene complexes to occur among populations. 
Population boundaries are not so important to delineate. 

From a pragmatic perspective, one sees how genie and chromosomal variabil
ity is diwied up differently in time and in space because of differences in aims, 
interests, and values associated with particular explanatory contexts. Different 
theoretical preferences led Sturtevant and Dobzhansky, and then Dobzhansky 
over the course of the GNP series, to differ in whether temporal and spatial 
continuities or discontinuities were privileged. This provides an alternate histori
cal analysis. Other accounts have portrayed the split between Sturtevant and 
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Dobzhansky, Dobzhansky's development of a new experimental system, and 
Dobzhansky's ultimate success as consequences of Sturtevant's "typological 
thinking" and Dobzhansky's "population thinking." 

Mayr and Kohler rely on the typological-population distinction in this way. In 
a letter Mayr wrote to Dobzhansky at the time of the Conference on the 
Evolutionary Synthesis, he asks Dobzhansky to comment for the historical record 
on Sturtevant's views on natural populations and suggests: 

What is [sic] really boils down to is the fact that you as a naturalist were inter
ested in population problems and Sturtevant, who had been trained much 
more along the lines of a rather old fashioned, typological taxonomy, was not. 
If one is a typologist, one simply has no need of or interest in populations. 

(Mayr correspondence, papers on Evolutionary Synthesis Conference 
[B/M451]: April 17, 1975 letter to Dobzhansky) 

In a subsequent letter to Dobzhansky, Mayr continues along these lines: 

There is one matter I always wanted to know more about. Sturtevant always 
prided himself in being an ant specialist. Did his studies on ants ever con
tribute anything that added to our understanding of evolution? How can you 
explain that Sturtevant maintained such a strictly typological species concept 
when working with such extremely variable creatures as ants? 

(Mayr correspondence, papers on Evolutionary Synthesis Conference 
[B/M451]: May 1, 1975 letter to Dobzhansky) 

Kohler, relying on correspondence between Mayr and Provine, provides a similar 
analysis: 

Sturtevant's late work dramatizes how differently he and Dobzhansky saw 
and used wild flies. Sturtevant had a highly typological concept of species, 
and treated different species in the laboratory as if each one were genetically 
homozygous. To put it a little differently, Sturtevant treated undomesticated 
species precisely as if they were standardized, domesticated mel.o.nogaster. His 
traditional view of species reflected his traditional laboratory practices. 

(Kohler 199 I: 363) 

Kohler suggests that Dobzhansky was open to the empirical evidence of how truly 
variable species are, evidence to which Sturtevant seemed blind. Describing 
Dobzhansky's movement from collecting from geographically separated popula
tions in 1936 to more localized populations in 1937, Kohler writes: "This experi
ence in the recesses of the Panamint Mountains was what finally caused 
Dobzhansky to abandon the last vestiges of the typological view of species, which 
had informed his work with Sturtevant and to which Sturtevant remained 
wedded" (1991: 356). 
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But Sturtevant was not blind to biological variability. 5 Sturtevant and 
Dobzhansky were interested in different evolutionary questions. Kohler is correct 
to claim that Sturtevant was committed to a traditional approach to evolutionary 
genetics that Dobzhansky was determined to leave behind. But is it also acceptable 
to assume that the two approaches can be placed on an equal footing so as to per
mit the judgment that one is intrinsically superior to the other and thus to conclude 
that Sturtevant's "typological thinking" and old-fashioned ways led him to miss out 
on evolutionary biology's future? This is suggested when, in reference to 
Sturtevant's approach, Kohler writes: "Its traditional aims and laborious but mea
grely productive methods point up by contrast the novelty and remarkable pro
ductivity of the new mode of practice that Dobzhansky invented to compete with 
it" (1991: 363). The traditional methods certainly could not address very well the 
questions Dobzhansky was interested in. But the question remains whether they 
are adequate for the "historical problems" that interested Sturtevant. These prob
lems and methods, after all, still find homes in fields of biology like molecular sys
tematics. As Kohler does note, for Sturtevant "to construct phylogenies it was ... 
essential to limit variability by using just a few standard types" (1991: 364). It 
might be more useful, therefore, instead to ask the pragmatic question: How do 
divergent theoretical interests lead scientists to conceive of biological variability in 
different ways? 

Conclusion 

We have argued that an understanding of the historical development of genetic 
mapping requires attention to continuities of the technical means by which exper
imental systems may be reproduced as well as to discontinuities of application of 
those means to distinct problems and projects. Stories and models of discontinu
ity, by themselves, leave processes of historical change unexplained (Griesemer 
1996). We have also suggested that tracking the deflections of experimental 
systems through visual representations such as maps can provide valuable markers 
of changing theoretical interests, goals, commitments, and values. A pragmatic 
view of the ways in which Sturtevant's and Dobzhansky's theoretical preferences 
were manifested in such representations enriches historical assessment of their 
experimental practices, commitments, and productivity. 
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Notes 

Our story, it should be noted, concerns only the published maps. An equally compelling 
picture should also be painted of the "working maps" used to operate the experimental 
systems involved. Kohler (1994: 76) gestured at this other side of the mapping story in 
his comments about Bridges' four-sided "totem pole" working and valuation maps. 

2 On the history of these linkage calculations and their complexities, see Wimsatt (1992). 
3 We doubt very much that a mere technical limitation would have provoked sadness in 

Sturtevant. He was a supreme puzzle solver, as Provine (1991) points out, and would 
have received these results as a challenge to be overcome rather than a limitation to be 
accepted, as is evident in his solution of 1921. 

4 The methods developed by Creighton and McClintock in maize, correlating chromo
some morphology and genetic factor co-segregation in 1930 and 1931, are germane to 
the general history of genetic mapping, but not relevant to our story about the 
Drosophila system. 

5 We are familiar with evidence of Sturtevant's attention to biological variability in his col
laborative research with Dobzhansky into the geographical distribution of chromosomal 
variants and the "sex ratio" gene in natural populations of pseudoobscura during the mid
I 930s. However, throughout his career, Sturtevant carried out work independently of 
Dobzhansky that was also attentive to biological variability. Sturtevant (192 lc) presents 
evidence that mutational differences within species give rise to species-level genetic dif
ferences. Sturtevant (1937) suggests heterosis as a possible explanation for the "unex
pectedly high" number of autosomal lethals in wild populations of pseudoobscura. An 
essay on selection in social insects argues that selection is operating interactively at three 
levels in ant species (Sturtevant 1938). A 1941 coauthored paper scolds Dobzhansky for 
interpreting chromosomal variations found in different members of the affinis group as 
interspecific differences given "the considerable variation in gene sequence within each 
species" (Sturtevant and Novitski 1941: 518). 
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