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In their collection of papers on the history of evolution research, Mayr
and Provine1 make clear that the Modern Synthesis which has formed the
core of evolutionary research since the 1940s did not include any signif-
icant participation by students of development. The history of develop-
mental research in the same period shows an equal lack of interest with
evolutionary concerns on the part of developmental biologists.2 The last
generation, however, has seen the extraordinary success of a new inter-
section between development and evolution research. This connection,
tentative and fragile in the late 1970s, has grown to become one of the
most productive and intense areas of research in the life sciences. This
chapter addresses several questions about that connection: How did the
separation of the two lines of research come about? What happened to
bring them back together? How can we think about this kind of inter-
section analytically, in a way useful to scientists as well as to science studies
scholars?

My approach to these questions is analytic, synoptic, and organiza-
tional. Rather than attempting a detailed narrative of events in many 
specialties over many decades, I focus on the long-term pattern of rela-
tionships among lines of research in comparative biology. My primary
concern here is to sketch a way of understanding the growth and decay
and regrowth of connections among lines of research. I focus on lines of
work because they are the hinge of events: simultaneously part of both
the intellectual work and its relations with the rest of society.

Changes in the large-scale pattern of institutions since the early
twentieth century have facilitated some ways of doing research and hin-
dered others. One result of this process was the separation of evolution-
ary and developmental research early in the twentieth century, followed
by their reconnection and intersection in the late twentieth century. This
chapter sketches some (only some) of the more salient institutional trends
in this process; I have provided a more detailed analysis of the American
case elsewhere.3 In particular, I shall focus on four factors. First, research



at the end of the nineteenth century ran up against the limits in the capac-
ities of the available research technology, making it difficult or impossible
to address important questions. Second, the organization of many institu-
tions (including science and academia) was strongly rationalized (i.e.,
arranged with economic efficiency in mind) in the first half of the twen-
tieth century.This process facilitated some aspects of research and retarded
others. One side effect of this process was to encourage a split between
research on development and research on evolution. Third, some styles of
research (i.e., strategies for making large-scale decisions) became more
prevalent while others declined. The effect was to reinforce the rational-
izing trend and accelerate the division between development and evolu-
tion research. Finally, certain changes in the concepts used by scientists in
both fields facilitated the intersection of the two fields late in the twen-
tieth century.

Historical Background: Evolution and Development
Together at Fir st

The point of nineteenth-century natural history was not merely ever-finer
description, but the analysis of connections among the parts of nature.This
was accomplished by comparing across patterns of different kinds (mor-
phological, developmental, geographical, paleontological), and inferring
classifications and relationships among classifications. Darwin’s hypothesis
of descent with modification was the most important of these relation-
ships because it tied together so many different kinds of evidence. The
analysis of descent relationships (phylogeny) was a major part of the
research stimulated by Darwin’s theory. Darwin’s argument relied heavily
on geographic, morphological, and paleontological evidence, but the con-
nection with developmental concerns was quickly drawn. Especially in
Germany, the work of Müller, Haeckel, and their followers (adapting an
established tradition of morphological work) provided a close tie between
comparative embryology and the study of phylogeny.4 Similarity among
developmental patterns was especially important because early stages of
development gave a great deal of information about relationships which
was otherwise unobtainable.The idea that developmental sequence reflects
the phylogenetic history of the species (the “biogenetic law”) was the cen-
terpiece of this work. A similar program of research grew up in England.5

Through the late nineteenth century, the focus of morphological
attention shifted from major organ systems to single organs to cells to parts
of cells. At the same time, the focus of taxonomic attention shifted from
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classes and orders to species, subspecies, and varieties. Similarly, the focus
of attention in stratigraphy (hence, paleontology) shifted from eras to
periods to ages. A similar pattern thus characterized work in all the kinds
of phenomena studied by naturalists. Their focus was increasingly on
detecting ever smaller differences and interpreting their significance.

At the end of the nineteenth century, this mode of comparative
research ran into difficulties. In order to make progress, scientists had to
look earlier and earlier in development, specify more profound morpho-
logical characters, deal with smaller and smaller taxonomic groups, and
look earlier and earlier in the rocks for paleontological specimens. Each
succeeding round of research became more difficult to manage technically,
and correspondingly more expensive to organize and manage.The progress
of research on inheritance, for example, indicated that morphological fea-
tures were controlled at the subcellular level. By the end of the century,
these difficulties had reached a crisis. Limits of technology made it almost
impossible to detect very small differences. Microscopy, for example, was
inadequate to examine the microstructure of events surrounding fertiliza-
tion and the earliest stages of growth. Fossils rarely preserved the fine mor-
phological detail needed to make fine taxonomic distinctions. Moreover,
the chain of homologous inferences from one classification to another
became very long, and hence there was great room for argument over
interpretations. In consequence, the strategy seemed to fail just where it
was used to address the most general and important questions, such as the
relationships among the major groups of arthropods and the phyletic
origin of the vertebrates.6 As a result of these difficulties, many scientists
began to focus on other problems. William Bateson, for example, simply
threw up his hands and decided to study variation.7

Segmenting Evolutionary Continuity and Developmental
Continuity

The prevalent view of evolution in the late nineteenth century was that
evolution converts similarity and continuity into difference and diversity
via adaptation. In this view, adaptation was about the relationships among
parts of nature. This included the fit among parts of the body vis-à-vis
each other, and vis-à-vis the environment. It also included the fit of species
vis-à-vis each other via behavior and community structure.This view put
morphological and developmental concerns at the heart of evolutionary
thought, and made significant room for ecological and behavioral consid-
erations as well. For example, Haeckel’s vision (as captured in the 
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biogenetic law) focused on similarity among different kinds of continu-
ity—phylogeny and ontogeny were together part of a larger process.
This construed ontogeny as a consequence or epiphenomenon of phy-
logeny. There was thus an intimate connection between the development
of individuals and the succession of generations that rested on material
continuity.

In this view, inheritance (i.e., heredity and development together)
was about the preservation (re-production) of similarity across generations.
Lineage and genealogy (succession of generations) were the chief cate-
gories for thinking about what lay between individual organisms and
species. Evolutionary morphology was thus crucially about part-whole
relationships and how they change. For many, even inheritance was about
part-whole relations (i.e., genealogy), even after the rediscovery of Mendel
in 1900. Alternative approaches to development in the late nineteenth
century began to focus on mechanical explanations of development.8 This
approach emphasized development rather than phylogeny, and the search
for efficient and material causes rather than formal and final ones. This
difference in emphasis had the effect of starting a wedge between studies
of development and studies of evolution.

In the twentieth century this split widened in important ways. In
the nineteenth century, Weismann’s distinction between germ plasm and
somatoplasm fostered a conceptual separation between generations, on the
one hand (“sequestration of germ plasm”), and ontogeny, on the other.9

This relatively mild distinction was picked up in the United States and
converted into “Weismannism,” which black-boxed the life cycle as irrel-
evant to transmission.10 The effect was to create a much deeper division
between development and transmission as problems of research.

At the same time, statistical approaches became increasingly impor-
tant. Their approach was oriented toward the distribution of variation
among individuals rather than continuity or differences among species.
This work laid the foundations of modern multivariate statistics.11 In 1909,
Wilhelm Johannsen extended these ideas by distinguishing between vari-
ation among individuals and variation among “lines.”This notion was elab-
orated further by J. A. Harris, R. A. Fisher, and Sewall Wright. In 1922,
Fisher extended this line of thinking once again by removing the need to
consider lineage explicitly. Instead, variation could be analyzed in a pop-
ulation without respect to genealogy. With this result, geneticists were no
longer obliged to know or care how an individual fitted into a lineage.12

This work in population genetics enabled a reconceptualization of
evolution. The older view was that evolution was conversion of continu-
ity into diversity via adaptation of parts. In the new view, evolution became

Elihu M. Gerson 438



the conversion of differences among instances of a single kind (individual
organisms) into differences among multiple kinds (species).This is the con-
ventional view of current biology. Synchronic populations rather than
diachronic lineages became the chief category for thinking about what lay
between individuals and species.

Fisher’s statistical stroke of 1922 was paralleled by a simultaneous
second one in evolutionary theory. In the view of evolutionary morphol-
ogy, individual life cycles were the product of a species’ growth; the suc-
cession of generations gave rise to more individuals. In the same year
Walter Garstang turned this upside down by defining phylogeny as a
sequence of life courses.13 The history of a clade thus became a simple
aggregation of individual lives. There was no longer a casual connection
between phylogeny and ontogeny.The work of Fisher and Garstang meant
that evolution and development could be studied in virtually complete
independence of one another.

Evo-Devo: Sources of Change in the Late Twentieth
Century

The conventional history of biology has focused on the critical role of
populational concepts in the development of modern evolutionary theory,
and that is correct. It is a cliché that development was excluded from the
Modern Synthesis.14 But the changes that gave rise to the Modern Syn-
thesis were also a shift from concern with part-whole relations (centered
on adaptation and morphology) to instance-kind relations (centered on
sorting and segregating). This distinction is crucial.

Construing something in terms of part-whole or compositional rela-
tions means looking at its organization as a system of parts which work
together. For example, my finger is part of my hand, which is part of my
arm, which is part of my body. The focus is on the ways in which dif-
ferent parts are connected and interact. Comparisons of different arms (or
forelimbs) is in the service of understanding differences in function.

By contrast, construing something in terms of instance-kind or
aggregative relations means looking at it as an example of a class of things.
Rather than seeing fingers, hands, and arms as connected things, this view
sees them as objects with properties such as size, shape, and color. Com-
parison of different forelimbs is in the service of understanding differences
in the variation of properties, and hence of differences among kinds.

Neither of these approaches is superior to the other; they are simply
different (and complementary) ways of framing the objects of research. But
these differences have profound implications.As the shift in frame occurred
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early in the twentieth century, nature metaphorically became not Paley’s
craftsman making watches one at a time, but Chaplain’s factory making
things from interchangeable parts in huge batches. The Modern Synthesis
entrenched and solidified this shift of concerns, and hence the division of
research labor. In doing so, it was completing a process which had been
underway for half a century.

In the last part of the twentieth century, the study of evolution and
the study of development rejoined enthusiastically. The result, commonly
called “Evo-Devo,” has become one of the most vigorous parts of biology.15

Many of the larger problems which motivate research in the new area are
clearly descended from (or are the same as) the problems that motivated
researchers in the early twentieth century.Yet there are important differ-
ences as well. These are not simply a function of the more specialized
knowledge and advanced techniques used by today’s researchers. Rather,
they stem from changes in the organization of research problems and spe-
cialties over a long period. The most striking thing about Evo-Devo is
that it consists of a system of effective alliances among just those lines of
research that which were excluded from the web of events that led to the
Modern Synthesis. It was, after all, not just development that was excluded
from the Modern Synthesis, but all the lines of work that did not easily
follow the shift in stylistic emphasis from part-whole relations to instance-
kind relations. These included morphology, problems of community 
structure in ecology, phylogeny, and even studies of gene function 
(“physiological genetics”), not to mention behavior and comparative 
physiology.16

In the first generation after the Modern Synthesis, these areas of
research were the weaklings of comparative biology in terms of available
attention and resources. Their intersection and alliance in the last decades
of the twentieth century became one of the most active and promising
parts of comparative biology. This reversal of fortune came about because
the institutional context of research changed in ways that opened possi-
bilities which had been discouraged for a long time. The changes were
complex, and the influences they had are more so. Here, I will focus on
four kinds of recent change that have interacted to foster the intersection
of evolutionary and developmental biology: (1) developments in research
technology, (2) the rationalization of work both in the larger society and
in lines of research, (3) changes in the prevalence of certain styles of
research, and (4) certain changes in the conceptual organization of evolu-
tionary research.There were many other important factors, but these four
allow us to see the outlines of the story most clearly.
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Developments in Research Technology
I said above that natural history ran into serious technical difficulties at
the end of the nineteenth century. These problems made it difficult to
follow a program of comparative research that retained the close ties
between development biology and evolutionary biology. The last part of
the twentieth century, in contrast, was quite striking for its development
of many techniques and procedures which provide fresh traction on the
traditional problems of comparative biology in general, and on the prob-
lems of Evo-Devo research in particular. These new techniques and pro-
cedures have dramatically sharpened the questions that comparative
biologists can ask effectively. The most important of these research tech-
nologies can be summed up in three broad, mutually supportive, and 
overlapping groups: molecular technology, computing technology, and
visualization technology.

By “molecular technology,” I mean the techniques of molecular
biology applied to problems of Evo-Devo research. The development 
of molecular biology was one of the outstanding success stories of twen-
tieth-century science.17 The primary significance of this work for Evo-
Devo does not lie in the development of molecular explanations of
transmission or even in gene function, for all that these are extremely
important. Rather, the significance of molecular biology is that it provides
a family of tools and techniques for observing and manipulating the ear-
liest stages of development and, hence, the most profound aspects of 
morphology.18

The study of developmental genetics in turn provides the basis for
important ties with evolutionary theory.19 Here, studies of gene expression
and function merge imperceptibly into the study of development proper.
The associations among the early, the old, the small, and the profound hold
as much interest now as a century ago, for all that the interpretive context
is very different. Evo-Devo researchers can, by these using the molecular
techniques, fruitfully concern themselves with questions which were
impossibly difficult only recently.

Computing technology has come to play an important role in all
parts of research. Molecular genetics, in particular, has made extensive use
of computational or information-theoretic metaphors,20 but these uses are
not my concern here. Instead, I am concerned with the use of comput-
ing (whether as hardware, software, or both) as a part of the procedures
used to conduct research. This includes collecting, processing, visualizing,
storing, organizing, and analyzing data; modeling and simulating biologi-
cal processes; and communicating the results of these efforts.These uses of
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computing now pervade every aspect of the research process. Since there
are so many applications, it is difficult to single out any one of them as
especially significant. The important result of large-scale computing use is
that the effective power of comparative approaches has been vastly
extended, and this is turn means that many of the problems which could
not be addressed effectively at the end of the nineteenth century were
being addressed at the end of the twentieth.

Consider the development of computer-based museum specimen
catalogs as an example.21 In recent years there has been a concerted effort
by the world’s museums to automate their specimen catalogs and make
them available to scholars over the Internet. This seems a mundane and
obvious administrative chore, but its implications reach quite far. Infor-
mation storage and retrieval technology is crucial to comparative research.
A century ago, index cards and standardized note-taking procedures were
the high-tech cutting edge of museum practice, as they were in industry.22

The development of specimen databases is a straightforward extension of
traditional practice. It is significant because collection databases and the
Internet enable a vast increase in the amount of comparative work that
can be done, a substantial increase in the thoroughness of its coverage, and
a dramatic drop in the costs of doing it. In this context, it is important to
keep in mind that a significant number of discoveries are made in the
course of reexamining specimens already in museum collections.

Another example is provided by the debates over classification
methods since the 1960’s.23 One important consequence of these debates
has been a marked increase in the rigor of phylogeny and classification
studies. This increase would have been far more difficult to establish as a
practical part of research without computing technology to deal with the
data analysis requirements.

Visualization techniques have also played an important role in
advancing Evo-Devo. Procedures for representing evolutionary and devel-
opmental processes have always been important.24 In recent years, the
number and variety of techniques available has grown rapidly. Many, but
not all, of these new techniques are computer-based; almost all are 
computer-aided.

Improvements in microscopy, for example, have made a substantial
difference to almost all lines of biological research. In the early twentieth
century, light microscopy had reached its effective limits.The development
of electron microscopy at the time of World War II opened up many new
possibilities.25 Since then, several new forms of microscopy have been
developed. The most important of these for biological research purposes
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is scanning electron microscopy, which enables detailed morphological
study across several levels of scale which were unreachable before.

X-ray technology has also proved to be an important tool for visu-
alization.26 One particularly interesting application of this technology is the
use of X-ray tomography (CAT scanning) to construct computerized pic-
tures of skeletal elements. Rowe, for example, used an industrial CAT
scanner to map the skull of an ancient didelphid. The resulting database
allows the structure of the skull to be displayed on a computer monitor.
The image can be manipulated in many ways, so that the most detailed
analysis in three dimensions is possible without destroying the specimen.
And, of course, multiple scans can be juxtaposed and compared, either visu-
ally on screen or as data sets for computerized analysis.27 Building on this
work, Rowe has led the development of a substantial research facility
devoted to CAT scanning that is available to the scientific community.28

Many other examples are possible, but the point is clear: an abun-
dance of new technologies for working with and comparing specimens
means that many of the classical nineteenth-century problems of evolu-
tionary biology, intimately connected to developmental questions, can be
fruitfully addressed once again.

Rationalization of Work
In the first two-thirds of the twentieth century there was widespread
emphasis on rationalization—doing more with the same resources, or the
same with fewer resources. Across many institutions, concern focused on
making activities more efficient and lower in unit cost.This in turn meant
an emphasis on homogeneous raw materials and an elaborate division of
labor designed to ensure high volumes of production. In particular, ration-
alization meant eliminating contingencies and connections among things
wherever possible, and emphasizing homogeneity, removal of properties
held to be irrelevant, independence of parts, and simplicity of relations.

A critical nineteenth-century innovation in this respect was the
invention of the “American System” of manufacture.29 Craft-oriented pro-
duction, like Paley’s watchmaker, focused on the hand-fitting of variable
parts. By contrast, in the American System all parts of a given type are
made to such close tolerances that any one of a type can substitute for
any other in the production process.This meant that parts could be treated
as if they were equivalent instances of a kind, with assurance of their
correct articulation with other parts of different types.This in turn enabled
much lower labor costs, since objects could be assembled by workers with
less skill, who did not have to hand-fit variable parts together. It also
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enabled a more fine-grained division of labor and higher volumes of pro-
duction. In the early twentieth century, this approach was extended from
the manufacture of objects to the manufacturing process itself. Each step
became a matter of repeating simple, standardized actions in exactly the
same way. The classic expression of this approach is the work of F. W.
Taylor.30

The organization of research, as with every other industry, was
rationalized in the twentieth century. The industrialization of academic
research went furthest and fastest in the United States, but it also took
place in other industrializing countries. One way in which the ratio-
nalization process affected research was to encourage the segmentation of
research specialties, which increasingly focused on narrower and narrower
problems. Rationalizing research lines were particularly concerned to elim-
inate (“black box”) problems of adaptation, complexity, interaction, and
dependence.The development of statistical theory, intimately involved with
problems of genetics and evolution, treated organisms as abstract data
points with few properties.31

Some lines of research fell in with this way of doing things very
easily—notably genetics, especially population genetics. Others found it
very difficult to do so, because the structure of their problems (and, hence,
their intellectual coherence as lines of work) made it very difficult to shift.
Research in behavior as an evolutionary phenomenon, for example, suf-
fered greatly because behavior was conceptualized as an adaptive mecha-
nism “fitting” individual organisms and species to their environments.32

Research on community structure suffered for the same reason, and
ecology failed to thrive until it was reconceptualized as concerned 
with statistical distributions of species.33 Research on morphology and on
development, inseparable from the question of parts and their relationships
in space and time, was almost completely separated from work on 
evolution.

More generally, work on multifaceted problems was discouraged by
this pattern of specialization. Since evolution and development were each
complex, multisided problems, their intersection was especially problem-
atic. Indeed, there was a clear two-part pattern to the development of new
specialties in biology. First, some specialties (e.g., genetics) concentrated on
problems and approaches which could be rationalized relatively easily,
while other specialties (notably, development) focused on problems and
approaches which were difficult to rationalize. Second, the specialties with
difficult-to-rationalize problems were less successful in creating new break-
throughs, and attracting funds and attention. But they rationalized
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nonetheless, if more slowly and painfully, as did the organizations which
housed and financed them.

The Modern Synthesis at midcentury, then, was an alliance among
specialties which had easily rationalizable problems (or, more precisely,
whose problems seemed easily rationalizable at the time). These included
population genetics and cytogenetics, a systematics redefined to focus on
counting characters, and a paleontology focused on a statistical and ana-
lytic treatment of clades, not description of taxa.34 The most difficult prob-
lems of evolutionary theory (e.g., speciation, the nature and role of
adaptation) were treated by replacing interaction among parts and among
organisms with simple quantitative differences in reproductive success.This
is analogous to using sales volume as a measure of engineering quality.

Stylistic Change
Every approach to research requires scientists to make many specific com-
mitments about the ways they allocate resources. Each hypothesis, for
example, implies certain kinds of data collection and analysis, and each
technique requires certain materials and tools. The decisions to work in
one way rather than another in turn are guided by styles of research. Styles
are abstract commitments used to organize other, relatively concrete, com-
mitments.35 Styles typically appear as general philosophical or method-
ological positions (e.g., focusing on structural rather than functional
considerations, or preferring the construction of formal models to the
detailed description and analysis of particular cases).36 Any such pattern of
commitments can serve to frame a line of research problems. Stylistic con-
flicts within a line of research are routine.

One important dimension of style was the commitment to parti-
tioning versus integrative approaches. Some kinds of research focus on
dividing phenomena into constituent parts or instances, in order to under-
stand things in terms of their constituents and the relationships among
them. This is the partitioning style. In contrast, the integrative style con-
centrates on setting phenomena in context, understanding them in terms
of their relations with the world around them. In order to find out why
a chicken crosses the road, a partitioning scientist might undertake neu-
rosurgery, while an integrative scientist might design experiments with dif-
ferent roads, different chickens, and different traffic conditions.

The rationalization process so characteristic of twentieth-century
science (and other institutions) was preeminently characterized by the par-
titioning style. By the middle of the century, it was becoming clear that
certain classes of problem were not responding to these rationalizing styles
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of work organization.These problems are those that are irredeemably con-
cerned with relations among elements or interaction among parts and
processes. In the manufacturing industries, these issues showed up as prob-
lems of optimization, resource allocation, and coordination. These prob-
lems appeared almost everywhere, even in accounting.37 Several managerial
and engineering disciplines emerged to deal with these problems in the
middle years of the century, typically under the rubric of “systems.”38

The same emphasis on systems and issues of coordination which
characterized other institutions appeared in biology research as well—
especially in development and ecology. But here an interesting contrast
appeared. In many uses of the systems approach, the language of systems
was a way of extending the rationalizing trend in the partitioning 
style. The problem was to overcome the intricacies imposed by contin-
gency and complex dependencies through the use of more sophisticated
analysis. This view was especially strong in the emergent sister disciplines
of operations research and industrial engineering. It was brought into
biology by Robert MacArthur, who applied these approaches, learned in
his wartime work, to ecological problems under the influence of G. E.
Hutchinson.39

In contrast, other biologists, notably Von Bertalanffy and Wadding-
ton, saw the systems approach as a way of transcending the limits of the
partitioning approach.40 For them (and they were notably students of
development and morphology), the systems approach was a way to con-
ceptualize and deal with the complex interrelations of system and envi-
ronment. Here, the focus was on ways of representing the effects of
context. Adherents of these two ways of thinking about systems often
talked past one another, but rarely got into explicit debates over the
meaning of “system”; rather, they were invariably focused on overcoming
the limitations of the partitioning approach, either by reforming it or by
substituting some kind of integrative view. By the 1970s, it was clear that
systems approaches were not, in general, very effective ways of organizing
work either in research or in other institutions. Some applications of indus-
trial engineering ideas in the 1960s failed loudly enough to bring the
entire systems approach into question.41

Progress in molecular genetics was showing that simple partitioning
strategies were not going to provide adequate explanations of gene expres-
sion.42 Various of critics of the Modern Synthesis raised objections to it
from a more interpretive perspective.43 In many areas of biological research
touching on evolutionary problems, scientists were beginning to re-
formulate their work in terms more sympathetic to integrative
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approaches.44 Increasing openness to integrative approaches facilitated the
emergence of an explicit Evo-Devo intersection in the late 1970s and early
1980s.

Another important stylistic shift in the late twentieth century was
the reopening of concern with parts and wholes, in contrast to instances
and kinds. The Modern Synthesis was firmly rooted in the instance-kind
approach. The approach of population genetics and the widespread adop-
tion of the populational approach to systematics and paleontology firmly
entrenched the idea that species were sets of instances. Indeed, some trends
in evolutionary research in the 1960s and 1970s seemed to build upon
this approach and entrench it further.Williams’s attack on group selection,
for example, emphasized the instance-kind approach. The emergence of
sociobiology in the 1960s extended the approach to the analysis of behav-
ior as well.45

But efforts to work in the instance-kind style were also running into
difficulties by the 1960s. There were questions about the adequacy of the
approach, even as the central alliance of the Modern Synthesis was
showing strain.46 Questions about adaptation were reappearing in mor-
phology.47 There was increased concern with symbiosis, the problem area
least amenable to an instance-kind approach.48 Developmental biology had
never given up its part-whole orientation to problems of morphogenesis.
A major review of the field published in 1955 shows a thoroughgoing
commitment to construing the developmental process as one of part-
whole relations.49 Doubts about the adequacy of the instance-kind style
appeared even in population genetics, the heartland of the approach.50 In
short, the instance-kind style proved inadequate to deal with problems
involving adaptation, communication, coordination, articulation, and coop-
eration. At the same time, these problems were becoming of increasing
interest and importance. As evolutionary research in the 1960s and 1970s
began to consider approaches that did not rely on commitment to the
instance-kind style, the possibility of a stylistic rapprochement between
evolutionary and developmental approaches emerged.

Conceptual Change
The concepts that scientists use to organize their work change all the time.
Some of these changes are important, but are not closely connected to the
basic issues of the field. From an evolutionist’s point of view, for example,
the many striking changes in the concept of “gene” that took place over
the twentieth century do not make for substantive differences in the ways
that species and speciation are conceptualized. Other conceptual changes,
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by contrast, enable important shifts in the way lines of research interact,
formulate their projects, and interpret their results.

The beginning of a rapprochement between development and evo-
lution researchers in the late 1970s was facilitated by conceptual changes
which reduced the distance between the two lines of work. Two of the
more important conceptual shifts in this period were the idea of species
as individuals and the notion of heterochrony.

The Modern Synthesis saw individual organisms as members of pop-
ulations. It thus conceptualized the relationship of individuals to their
species as one of instances and kinds. In 1974, Ghiselin suggested that
species are individuals rather than kinds.51 Rather than independent
instances of an abstract class, Ghiselin saw species as concrete individuals
characterized by historical existence (i.e., birth and death) and relationships
among members which provided coherence to the whole. In particular,
species are made up of breeding relationships among member organisms,
and hence of lineages. In this view, the relationship of a particular organ-
ism to its species is one of part to whole, rather than one of instance to
kind.The idea was endorsed by the philosopher David Hull in 1976.52

This idea provided an important conceptual basis for a rapproche-
ment between researchers committed to different approaches in evolution
and development research.53 It is far easier to think about integrated
approaches to evolution and development if one does not have to 
reconcile two incompatible ways of thinking. This increase in conceptual
homogeneity makes it easier to formulate relatively specific research 
problems. Viewing species as individuals thus was an important, if unob-
vious, facilitating step which made the connection between evolutionary
and developmental biology easier as the idea gained broad acceptance.

The Modern Synthesis in Britain was not quite so thoroughgoing
in its rationalization of problems and concepts as it was in the United
States. There was some room for consideration of development in the
British Synthesis; the morphologist Gavin De Beer published studies of
some issues in the comparative study of development.54 De Beer was
extending the work of Garstang on the relationship between development
and evolution.55 Accepting Garstang’s idea of evolution as a sequence of
life cycles, De Beer reframed many of the questions which had concerned
Haeckel and his followers. In particular, he concentrated on heterochrony,
the idea that some species retained or lost characters associated with par-
ticular phases of the life cycle.This work fell on stony ground; for a gen-
eration after World War II, it was little more than a sideline which
generated little new research.
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Gould published a major study of heterochrony which did much to
revive concern with the relationship between evolution and develop-
ment.56 He was concerned to make the notion of heterochrony
respectable, and in order to do this, he had to remove the stigma of Haeck-
elian recapitulation from it. He did this by systematically reviewing the
history of the recapitulation idea and its vicissitudes, taking great care to
show that the modern notion of heterochrony was quite compatible with
“Darwinian” (i.e., Modern Synthesis) thought.

Gould also modified the idea of heterochrony in important ways.
For De Beer, heterochrony was (paradoxically) a static notion: he saw dif-
ferent kinds of character pattern, with “early” and “late” features of devel-
opment appearing in different (but presumably related) species. This view
is structural, not processual. Gould’s innovation was to think of hete-
rochrony as a matter of different rates of development among different
parts of the body across different species. Some of the organs of some
species, that is, aged faster (or slower) than others, or halted their devel-
opment sooner or later in the life cycle.

This way of looking at heterochrony was important because it cuts
in two different directions. On the one hand, it naturally provokes ques-
tions about the mechanisms that control differential rates of growth in
morphogenesis, and this naturally leads to questions about the genetic
control of growth. On the other hand, if leads to questions about rela-
tively large morphological differences among clades, and to thoughts of
evolutionary innovation and radiation. These are questions of great 
interest to paleontologists and others interested in large-scale evolution.57

Heterochrony is thus a “bridge” concept which spans the distinctions
among size or scale of phenomena which became an important part of
evolutionary biology after the Modern Synthesis. The study of hete-
rochrony has developed into an important part of Evo-Devo.58 More gen-
erally, it provides a conceptual framework in which paleontologists,
developmental biologists, and morphologists can talk about parts and their
relations at a large (i.e., early, old, profound) scale, just as they did before
World War I. And it does so, moreover, in a way which does not neces-
sarily bring contumely from geneticists and systematists.

Conclusions

All these technical and conceptual changes have placed the relationship
between evolutionary and developmental biology on a new basis. Rather
than two separate worlds, the two lines of research have become a major
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cluster of intersections in which many problems and research efforts are
simultaneously part of both evolutionary and developmental biology.

The changes in the intellectual content of research during the twen-
tieth century were tied to, and reflected, corresponding changes in the
larger society. The pattern of influence is complex, but the main outline
is clear. For the first two-thirds of the twentieth century, rationalization
was a driving force across institutions and levels of organizational scale.
Lines of research which could be easily rationalized had a considerable
advantage in the quest for every kind of financial and organizational
support. At one level, organizations which adopted “businesslike” admin-
istrative procedures could more easily attract funds and public support.59

At another level, research programs whose projects were of a size and cost
convenient for the efficient production of Ph.D.s and undergraduate lab-
oratory classes (e.g., fruit fly genetics) were at a comparative advantage by
comparison with programs that were administratively inconvenient (e.g.,
biogeography).

There were many other contingencies, but at every point, some pro-
grams were better off, better able to compete, than others. Some programs
(such as Mendelian genetics based on breeding experiments) enjoyed this
relative advantage quite often, and these flourished. Others (such as com-
munity ecology) struggled. Overwhelmingly, the relatively successful proj-
ects were those which fit comfortably into a rationalizing world.

The same relative advantages occurred with stylistic commitments as
well. Some styles were commensurate with the prevailing trend toward
rationalization (e.g., partitioning, instance-kind), and others were not
(interpretive, part-whole). Approaches which adopted the commensurable
styles had advantages over those which did not, and were thus relatively
successful.

There were exceptions to the trend, in research as in other parts of
the institutional structure.60 Some lines of research (notably, vertebrate
paleontology) were able to establish supporting alliances outside the ratio-
nalizing system of alliances among disciplines, sponsors, and universities.
But in general, programs stylistically, intellectually, and organizationally
amenable to rationalization enjoyed a steady incremental accumulation of
advantage.

This process reached its peak with the late Modern Synthesis. In the
late 1960s, the limits of the rationalizing approach had been reached, and
attention started to turn once again to problems which had been bypassed
in the previous generation. By the end of the 1970s, there was a clear
counter-trend under way, in the larger society as well as in biology. This
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emphasized coordination, adaptation, the articulation of parts, and holism.
In this context, the intersection of evolutionary and developmental biology
in the late 1970s was a natural step in a world that was quite ready for
it.The cumulative advantages that flowed to rationalizing work in the first
part of the century began flowing instead to efforts that emphasized inter-
disciplinary collaborations and a fascination with levels, networks, and
complexity.

Evo-Devo has now built up substantial institutional and intellectual
momentum. There are journals, conferences, and all of the institutional
apparatus of a flourishing line of research. Where is the juncture going?
Will it be successful? Will there be a coherent discipline of Evo-Devo? Is
a new and more general theory emerging? I don’t know. Biologists will
organize and settle their research problems well enough, and they have
little to gain from the kibitzing of an ill-trained amateur such as myself.
My concern as a sociologist is not with the answers scientists come up
with, but with understanding how and why they come up with them, the
ways in which they work, and the arrangements which facilitate and con-
strain that work.

Yet I can’t help but note that the successful development of Evo-
Devo does not depend on the emergence of a single successful perspec-
tive or theory which will then guide research. We often have disciplines
without such coherent perspectives; indeed, I think they are the typical
case. Rather than common answers, the field will be defined by a joint
(and competitive) attack on common problems. And if it’s anything like
all the other disciplines, there will be many debates and differences in
viewpoint. This is ordinary metabolism, not pathology.
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