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8 Genetics from an Evolutionary Process Perspective1

James Griesemer
Introduction
In this essay, contemporary theoretical perspectives on units of heredity,
development and evolution are discussed, including neo-Darwinism,
process-structuralism, developmental systems theory, and my own
reproducer perspective. Many of these were designed to explore spatial,
functional or processual limits of biological units, for example whether the
units of heredity are restricted to genes, whether adaptations are also units
of form, or to what extent the boundaries of developmental systems include
environmental resources beyond the skin.  
In brief, theoretical perspectives in science coordinate models and
phenomena by focusing attention in particular respects and committing
limited resources to model phenomena in particular ways and degrees rather
than others. Perspectives specify preferred lines of abstraction from
phenomena of interest and also prioritize principles in terms of which
models may be constructed to represent phenomena and used to intervene
into them (Griesemer 2000a). I argue that a variety of theoretical
perspectives on entities, structures, functions, fields, events, and processes
is needed in order to achieve a robust account of biology’s theoretical units. I
therefore urge a change of philosophical focus, from choice among rival
perspectives to comparative analysis of strengths, weaknesses and
complementarities.
The essay aims to develop three main points. First, besides the standard
types of structuralist and functionalist descriptions of hereditary processes,
there is a third important type: process perspectives. Second, in addition to
process-oriented approaches such as process-structuralism and
developmental systems theory, I propose the “reproducer” approach to
amend and reposition the functionalist concept of the replicator within a
process perspective on units of reproduction. Third, the availability of a
variety of different types of descriptions or perspectives is not a
shortcoming of the present state of theoretical science, but an enrichment
critical to its success: science works best when it produces empirical results
that are robust to theoretical assumptions of its perspectives, as well as of
its models. Thus, a multiplicity of perspectives can add to the knowledge
base of science by fostering a variety of research programs into different
phenomena, as well as deepen and secure that knowledge by facilitating
robust results.
Specifically, I argue that taking a process perspective creates opportunities
for robustness analysis of structure- and function-based accounts of
evolutionary units, interpreting genetic processes as a special case of
reproduction processes. This units-of-reproduction or “reproducer” account
helps explain the relation between heredity and development, facilitating
models of evolutionary transition (Griesemer 2000a; Griesemer 2000b;
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Griesemer 2000c; Griesemer 2002a; Griesemer 2002b). Evolutionary
transition is the origin of new levels of biological organization (Maynard
Smith and Szathmáry 1995). Because the origin of new levels involves the
evolution of new developmental processes and not only the evolution of
adaptations, there can be no escaping the need for an account of how
heredity and development intertwine to co-produce conditions of
evolvability. The addition of the reproducer process perspective to others
critical of neo-Darwinism facilitates evaluation of solutions to problems of
the origin of biological form that are of interest to process-structuralism
(Webster and Goodwin, this volume), various epigenetic theories (Newman
and Müller, this volume; Jablonka and Lamb 1995), and developmental
systems approaches (Griffiths; Oyama; Neumann-Held: this volume).
Thus, the contribution of the reproducer and other process perspectives can
be seen not merely as offering new rivals to received views of heredity,
development and evolution, but as contributions to a cooperative effort to
enrich biological research. A variety of perspectives helps reveal the
idealizing assumptions of whole programs of research which, while
necessary to effective scientific practice, limit the theoretical and empirical
power of any single perspective. A multiplicity of perspectives that differ
in guiding assumptions is likely to yield more satisfactory research in
biology than any single one could.
Perspectives on Genetics: Structure, Function, Process
In this section, I distinguish among structure, function and process
perspectives on heredity. In the next section, I consider heredity as an
aspect of the process of reproduction. One advantage of the reproducer
perspective is that it brings out relationships among structure and function
perspectives which have dominated thinking about genetics and its role in
development and evolution.
Structuralism
Structure perspectives model phenomena by representing structures. The
most common structure perspective on units of evolution is that of a
hierarchy of compositional levels of spatial organization: molecules,
organelles, cells, tissues, organs, organisms, populations, species. The
structural question of units of selection concerns the level(s) of spatial
hierarchy at which selection occurs (Lewontin 1970).
Elaborating on Ernst Mayr’s classic description of neo-Darwinism (Mayr
1978: 48), the philosopher Robert Brandon describes evolution by natural
selection as a three-step process: selection, reproduction and development
(Brandon 1990: 4–5, 81). Selection changes distributions of types within
generations and then reproduction maps type distributions of one generation
into the next according to their degrees of heritability. “But in order to go
full circle, in order to get to the stage where selection occurs in the offspring
generation, a final step is required. These differing offspring genotypes must
develop” (ibid.: 5).2 Darwin’s principles of variation, inheritance and
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differential reproductive success are thus to be viewed as a description of
conditions for the process of evolution by natural selection to occur, that is,
for life to go “full circle” (ibid.: 7).
These and other “stage theories” of the evolutionary process have spawned
several families of models in which life is represented as cycling through a
sequence of component steps at specified levels which, in the proper order,
constitute a net process of evolution by natural selection. Most of these
models are “genetic” in the sense that their elements are genes, gene
combinations, genotypic states, or mappings from genotypic states into
phenotypes (Brandon 1999). Even if their elements are identified and
individuated functionally (as in “the gene for X”), the models represent
change of unit genetic structures (e.g. allele frequencies). Evolutionary
theory has been most fully formalized from genetic perspectives focusing on
patterns and mechanisms of hereditary transmission. However, it has been
very difficult theoretically to incorporate Brandon’s third, developmental
step into Mayr’s two-step process.
Families of models developed under different perspectives can be
distinguished by the kinds of state spaces they assume in representations of
the component states and processes (selection, inheritance, development)
and their combinations.3 A state space for an evolutionary process
represents individuals or populations as points whose coordinates are values
in each represented dimension. Thus, choice of state space reflects the type
of guiding perspective. Processes that cause state transformations are
represented as trajectories of state change in the space. For example,
population geneticists tend to use allele or genotype state spaces, while
quantitative evolutionary geneticists use phenotypic trait state spaces.
These interpret evolution as change in frequency of genetic units directly
(Dobzhansky 1937), as change in genotypic or phenotypic states or
frequencies (Lewontin 1974), or as changes in the mapping relations
between genetic and phenotypic units (Wagner and Altenberg 1996;
Brandon 1999).
A classic evolutionary-genetics representation that integrates genotypic and
phenotypic state spaces, with arrows representing laws of transformation
both within and between spaces (mathematized in some models and not in
others), is due to Lewontin (1974, Fig. 1):

Figure 1: “Schematic representations of the paths of transformation of
population genotype from one generation to the next. G and P are the spaces
of genotype and phenotypic description. G1, G’1, G2, and G’2 are genotypic
descriptions at various points in time within successive generations. P1, P’1,
P2 and P’2 are phenotypic descriptions. T1, T2, T3, and T4 are laws of
transformation. Details are given in the text.” (Reprinted from Lewontin
1974: 14, with permission from Columbia University Press).
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The evolutionary “three”-step process in Lewontin’s diagram is broken
down into four sets of transformational laws: “epigenetic laws” of
development that map genotypes into phenotypes (T1), laws of mating,
migration and selection that map phenotypes before selection into
phenotypes after selection (T2), “epigenetic relations” allowing inferences
about distribution of genotypes of the surviving phenotypes (T3), and
Mendel’s and Morgan’s “genetics rules” that map genotypes of one
generation into the next (T4) (Lewontin 1974: 13). Notice that development
is particularly difficult to interpret in this structure perspective. While
selection and inheritance transform states within a space and represent
processes as change over time, “development” in this representation, in one
sense, concerns two sets of logical mappings (T1, T3) between genotype and
phenotype space, not causal processes that transform state distributions
over time. In another sense, the causal process of development is
confounded in both causal transformations within spaces: T2 takes juvenile,
pre-selection phenotypes into adult, post-selection phenotypes; T4 takes
parental genotypes G2 into reorganized offspring genotypes G1’.
The first complication of development is often acknowledged in the
biological literature by noting that selection really operates on
developmental vectors rather than on fixed adult trait states. The second
complication is rarely acknowledged, but it has been argued that even
Mendel’s theory – as distinguished from Mendel’s laws – is a theory of the
development  of hybrids (Griesemer 2000b and 2002a; Griesemer
forthcoming). Lewontin’s argument concerned ways in which evolutionary
genetic models, which tend to be formulated either in phenotype or in
genotype state space, inevitably confuse the causal character of their state
variables, such as W (mean fitness), since these also depend on mappings
between the two spaces. Thus, while genetic structure representations
simplify the task of formalizing selection and inheritance, it complicates the
representation of developmental transformation. The converse probably also
holds.
The dominant structure perspective on units of selection stems from
Lewontin’s generalization of Darwin’s principles of heritable variance in
fitness (Lewontin 1970). Lewontin abstracted from Darwin’s reference to
organisms to produce a units analysis in terms of individuals that are
organized in a compositional hierarchy of parts and wholes: genes inside
cells inside organisms inside families and demes inside species and
communities (Griesemer 1992). In so far as this structure hierarchy is
compositional, Lewontin’s state space representation for evolution frames
genetic structure models in terms of a lower level of genetic units and a
higher level of hierarchically organized phenotypic units. Lewontin’s
approach reflects a theoretical perspective because the compositional
hierarchy is taken as a given, a commitment to the hierarchical modeling and
empirical studies it guides, for example the study of selection at many



347

phenotypic levels: genic selection, gametic selection, group selection, kin
selection, and species selection. The existence of the compositional
hierarchy itself is not a topic of investigation in these studies. To try to
explore its evolutionary origin would be question-begging, since the
structuralist analysis of units assumes its existence (Griesemer 2000a;
Griesemer 2000c).
The perspective is structural in that it takes the generalization of units to be
a problem of extending Darwin’s principles beyond the level of organisms.
The research programs packaged with this perspective are neo-Darwinian in
so far as Darwin’s principles are interpreted in terms of models of
evolutionary genetics, for example population genetics models that represent
trait heritability as a consequence of classical gene transmission and
expression and which model natural selection as a force altering phenotype
or genotype distributions within generations.4

Functionalism
Function perspectives model phenomena by representing functions. The
most familiar is the replicator-interactor perspective (Hull 1980; Hull 1981;
Dawkins 1983; Hull 1988; Dawkins 1999). The question of units of
selection from a function perspective concerns which sorts of entities play
the functional role(s) of replicators or interactors. A replicator is any entity
in the universe of which copies are made (Dawkins 1983) or which transmit
their structure directly or relatively intact in replication (Hull 1988). These
definitions specify replicators in terms of their functional role in a process –
how they work or what they do – irrespective of their particular structural
realization in any concrete case. Interactors are entities which interact
directly with their external environments in such a way that replication is
differential (Hull 1988). That these definitions appear to be circular –
replicators defined in terms of replication, interactors in terms of interaction
– reveals a fundamental limitation on function perspectives. Functional
analyses depend on tacit reference to a process in which a goal is served, but
they do not offer an account of those processes. A functional perspective
that accounted for the processes by which the functions themselves evolved
would be question-begging.
A functionalist state space for models of evolution is hinted in Dawkins’
observation that his replicator concept is merely “extreme Weismannism”
(1983: 164). Weismannism provides a state space for distinguishing
functional roles of replicators (germ) from interactors (soma) in evolution,
because selection on somatic interactors in virtue of their phenotypes has
the consequence that replication of the associated replicators will be
differential (Maynard Smith 1972).

Figure 2: Diagram of a theory of evolution (Figure and legend reprinted
from Maynard Smith 1972: 40, with permission from Edinburgh University
Press, Edinburgh)
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In this Weismannist perspective, environments (E) serve as filters on
populations of interactors (A) – some survive to reproduce and others do
not. Replicators (G) that ride inside an interactor have a shared fate. If they
are “active replicators,” they influence the phenotype of the interactors in
which they ride, so the probability that the replicator is copied (transmitted)
is affected by phenotypic selection. If the replicators are also “germ-line,”
then they are copied (transmitted) to the next generation with differential
probabilities.
Weismannism separates causal processes of inheritance (transmission across
generations, represented by the line of inheritance from G to G to G) from
causal processes of development (causal production of A from G). Selection
acts directly on A and thus indirectly on G. Because only replicators are
transmitted to the next generation, in the form of copies or structure,
replicators and not interactors are the units of evolution by means of natural
selection.5

From this function perspective, processes of development and inheritance
trace to a common cause – the germ/gene/replicator. Selection causes
covariance between properties of the soma/phenotype/interactor of the
parental generation and properties of the germ/gene/replicator in the next
generation. However, no causal interaction between the processes of
development and inheritance can be represented in this state space because
distinct functions appear as different vectors in the space. Only the coupling
of statistical fates in the common cause suggests a single coherent process
moving through time. This difference between hereditary transmission and
developmental expression is manifest in the classical distinction between
two roles of genes: the autocatalytic function and heterocatalytic function
(Wimsatt 1981). Although the function perspective represents all three
causal processes – selection, development, and inheritance – their separation
in function state space makes it difficult to represent their causal interaction.
In the classical neo-Darwinism of the evolutionary synthesis, genes are
inherited, organisms are selected, and populations evolve. The function
perspective seeks generalization of units by abstraction from the genotypic
and phenotypic functions in evolution: to replicators as the functional
entities that serve the inheritance function and to vehicles (Dawkins) or
interactors (Hull) that serve the selective interaction function. This kind of
functionalism is a theoretical perspective because the division of functional
labor in evolutionary processes between genotype and phenotype is taken
as given in the theoretical and empirical studies it guides, for example the
extended phenotype and inclusive fitness accounts through which Dawkins
argues for a gene’s eye view of evolution. The functional dichotomy itself is
not subject to evolutionary explanation in these studies. The perspective is
functional in so far as it generalizes units beyond Darwin’s focus on
organisms in terms of function that range over all kinds of structural units.
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That is, whether a structure functions as a unit of selection depends on
whether it plays the relevant role of replicator and/or interactor, not where it
sits in the structural hierarchy.
One motivation for a process perspective stems from a theoretical question
similar to that of structuralist and functionalist investigations of units of
evolution: how general are Darwin’s principles? However, rather than probe
the applicability of Darwin’s principles up and down the compositional
hierarchy or in and out of the replicator and interactor functions, my concern
is with the evolution of the hierarchy itself and with the evolution of the
genotype/phenotype distinction itself. If these  are to be explained
evolutionarily, in a non-question-begging account, then both structure and
function perspectives on units of evolution, by themselves, are inadequate:
they both assume something to be explained. Biologists describe this
something as the problem of evolutionary transition – the evolution of new
(structural and functional) levels of biological organization (Buss 1987;
Maynard Smith and Szathmáry 1995; 1999; Michod 1999). The reason a
process perspective is needed is that structuralism and functionalism do not
analyze directly the processes by which the “scaffolding” they assume
evolved (Bickhard 1992). How did the replicator and interactor functions
emerge from entities which did not have them? Indeed, how could they? If
evolutionary units are analyzed in terms of the replicator/interactor
distinction, then that function perspective cannot answer the question. This
becomes evident when analyses of replicators and interactors are probed.
Dawkins assumes a process of copying in order to analyze the replicator
function: “a replicator is any entity in the universe of which copies are
made.” Hull assumes a process of replication: “replicators are entities that
transmit their structure directly in replication.” Both appeal to textbook
molecular biology to “explain” these processes. However, textbook
molecular biology does not seriously address the evolutionary origins of
replication, and the mechanisms of xerographic photocopying undermine
Dawkins’ analogy, so question-begging about evolutionary transition is
avoided only by silence.6

Structuralists fare no better. Entities at a given compositional level of
organization are units of selection if they have the properties of heritable
variance in fitness at that level. But what is it to be at that level and how did
entities get there? The existence of the levels is assumed, not explained,
because Darwin’s principles, as many critics of neo-Darwinism have
complained, were designed to account for evolutionary change within levels,
not for the evolutionary origin of levels.7

If life evolved from non-life, then we certainly cannot appeal to the highly-
evolved separation of roles DNA and protein now play in order to explain
how genotypes became distinguished from phenotypes. There was no DNA
at the origin of life or for a long time afterward and, arguably, there wasn’t
any RNA either. Likewise, if multicellularity evolved, then we cannot just
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postulate multi-cellularity and “explain” it by appeal to its adaptive
advantages. The postulation step is barred from research programs that wish
to account for origins. The root of these problems is conceptual: the
genotype/phenotype distinction and the assumption of an already existing
hierarchy of compositional levels of organization make it all too easy to
explain origins as ascent up the pre-existing developmental ladder
(genotypes are “genetic programs” for phenotypes) or the pre-existing
evolutionary ladder (life evolves “up” the hierarchy).8

Process Perspectives
Process perspectives model phenomena by representing processes rather
than players in structural or functional terms. For problems of units of
evolution, processualists identify units with processes rather than objects or
functions. Here, I discuss two process approaches to development and
evolution: developmental systems theory and process-structuralism. In the
next section, I discuss my own process perspective, the reproducer.
Developmental Systems Theory
Developmental systems theory has been succinctly summarized in six
themes (Oyama, Griffiths et al. 2001: 2, Table 1.1). Developmental systems
theory takes the units of heredity and evolution to be developmental
systems and takes development to constitute a collection of interactions
among many developmental resources organized in such a way that life
cycles, i.e. the developmental interactions recur in subsequent generations. It
denies explanatory privilege to any one kind of developmental resource,
such as genes, and recognizes “control” of development to be distributed and
de-centralized. It takes the explanatory basis of evolutionary change to be
historically contingent natural selection for interactions in development, in
contrast to the rationalist, universal laws of process-structuralism. Like
process-structuralism, it takes the main goal of evolutionary biology to be
the explanation of transgenerational stability and transformation of
developmental form. Developmental systems theory’s empirical focus is on
characterizing the full array of causally relevant developmental resources and
interactions and, recently, on the subsumption of niche construction as a
developmentalist research strategy for modeling “environmental” resources
in interaction with “internal” organism resources (Laland, Odling-Smee et al.
2001; Oyama, Griffiths et al. 2001). Developmental systems theory has
been criticized as too radically holist (Sterelny, Smith et al. 1996), too
willing to ignore developmental and hereditary boundaries between organism
and environment (Keller 2001; Sterelny 2001), and too willing to deny
distinctions between biological and cultural evolution (Griesemer 2000a).
Developmental systems theorists have depicted a process state space in
virtue of which they argue that whole developmental systems, rather than
organisms-in-environmental-contexts, are replicators (Griffiths and Gray
1994: 285):
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Figure 3: “Causal influences in four asexual generations of a lineage of
developmental processes. Each arrow represents multiple inputs. Influence
of each resource is contingent on the presence of the others. The effects of
temporal order of interaction have been overlooked. The broad categories of
resources are not intended to be exhaustive, and are made largely for
convenience of exposition” (Figure and legend reprinted from Griffiths and
Gray 1994: 285, with permission from the Journal of Philosophy, New
York).

Instead of points, each elementary unit is a line segment indicating a process.
Causal interactions among such processes are organized into a
developmental system which behaves as a unit life cycle in replication. In
this perspective, state components are distinguished according to kind of
developmental resource: persistent, collectively generated, parental,
developmental, and self-generated. The space has a dynamical order
(persistent resources have a different dynamic than self-generated
resources), so one could think of the different types of resources as
constituting different “channels” in a life cycle.9 However, the
characteristics of the causal interactions (arrows) are not well-defined. In
particular, whether the types of causal interactions that hold developmental
systems together are due to flows of energy, or matter, or perhaps
something else entirely, is hard to specify. Because of this, the modes of
material inheritance and delimitation of offspring life-cycles from parental
life-cycles which are peculiar to the biological realm is hard to represent in
this kind of state space (Griesemer 2000a).10

Process Structuralism
Process-structuralism emphasizes laws and generic (i.e. non-selective)
outcomes of developmental processes as the basis for a rational and mature
science of biology, a biology that offers “exact analyses, which describe
necessary and sufficient conditions for a process and so result in well
defined solutions” (Goodwin 1989: 91).11 This perspective takes field
relations that undergo processes of transformation as its objects of study.
Because fields rather than functions are taken as the complement to
structure, process-structuralism can draw on the physical sciences in its
mathematical models, but at the cost of treating natural selection and its
objects as just one more dynamical system. Although there are considerable
mathematical virtues in this approach, it puts a substantial burden on
explaining how biological processes gain their distinctively biological,
emergent character. Rather than “ … an historical science, species
morphology being the result of random variation and natural selection of
functionally adapted forms … Structuralism assumes that there is a logical
order to the biological realm and that organisms are generated according to
rational dynamic principles” (ibid.). It offers an account of evolutionary
units quite different from functionalist, historical, “genocentric” biology, one
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in which the morphogenetic field is treated as “the generative unit in
development and evolution” (Goodwin and Trainor 1983: 87). Evolution is
understood from this perspective in the same way that a physicist
understands it: as the “time-dependent exploration of [a] set of possibilities
under internal (genetic) and external (environmental) parametric variation”
(Goodwin 1989: 96). The possibilities are given by “generic states or forms
… whose distribution in the space of developmental trajectories defines the
set of possible forms” (ibid.).
Fields can be interpreted as relations among parts of entities (such as
organisms). Universal physico-chemical laws governing the developmentally
invariant fields are taken to be the explanatory basis of biology. The
explanatory goal of process-structuralism is to discover the organizing
principles of generative processes that are expressed in the field equations
(Goodwin and Trainor 1983; Goodwin 1990; Goodwin 1994; Depew and
Weber 1995; Webster and Goodwin 1996; van der Weele 1999). The
empirical focus of process-structuralism is modeling and experimentation
based on hypothesized field equations as well as simulation and
measurement of parameter values, following the example of field theories in
physics. Goodwin and Trainor, for example, offer a “generative model” for
the pentadactyl limb which involves a Hamiltonian field energy equation
(1983: Appendix 95). Simulations generate sequences of field solutions that
are taken to represent points in a developing limb field where cartilage
condensation will occur (ibid.: 77). Other simulations model the
development of whorl structures on the stem of the unicellular green alga,
Acetabularia acetabulum (see Goodwin 1990).12

Proponents of developmental systems theory have taken issue with
process-structuralists’ views on rational biology. Griffiths argues that
process-structuralism fails to challenge a Darwinian perspective, arguing that
“The generic forms that exist in nature may be a tiny subset of the possible
generic forms that could have been created by the historical design of
alternative developmental systems. … The developmental system could
have been any one of a number of ways depending on the particulars of
evolutionary history” (Griffiths 1996: S6).
However, we can just as well take Griffiths’ critique constructively, pin-
pointing a lack of robustness of developmental phenomena to process-
structuralism’s idealizing assumption that the possible generic forms are
essential, intrinsic properties (ibid.: S5). If perspectives are viewed as
competitors, the critique threatens one of the main goals of process-
structuralism: to reorient biological research to include the search for generic
forms and generative principles and laws to explain them. If perspectives
cooperate, the critique identifies a problem to attack via robustness analysis
and addition of perspectives, rather than criticism and elimination of
perspectives. Adding the search for generic laws need not deny historical
contingency. For example, Griffiths raises the question: what is the relation



353

between the portion of “morphospace” filled by possible generic forms and
the portion specified by natural selection of historical forms? Process-
structuralism presumably takes the latter to be a subset of the former. Neo-
Darwinism presumably takes the reverse to be the case. The relations
between the predictions of process-structuralism and a Darwinian view like
Wimsatt’s generative entrenchment model, which retains a selectionist basis,
are crucial for establishing a robust account of the evolution of generic forms
(Schank and Wimsatt 1988; Wimsatt and Schank 1988; see Griffiths 1996
for discussion; Wimsatt 1999).
To evaluate these predictive relations, we need an account of evolution that
can explain how evolutionary order is generated, not only maintained and
embellished. A more explicit perspective on processes can help identify the
contexts in which the evolution of evolvability is creative, productive and
enabling  and not merely a barrier to full selective exploration of the state
space of possible forms. Evaluating types of abstraction from process made
by structuralists and functionalists for modeling purposes is one means to a
heuristic strategy for producing a more robust account of inheritance,
development and evolution. The systematic failure of a given class of models
and perspectives, when checked against other models and perspectives
making different assumptions and commitments, provides clues to a better
understanding of nature.
Just as developmental systems theorists have sometimes viewed process-
structuralism as a competing perspective, proponents of structuralism and
functionalism have often treated their perspectives as competitors for the
“right” way to view evolution. For example, Dawkins (1976) and Williams
(1966) argued that structuralist accounts of group selection miss the mark
because, according to their arguments, only replicators can play the
functional role of important units of selection and groups of organisms are
not replicators (and maybe not even interactors). Since genes and memes
(units of cultural transmission) are the only replicators according to
Dawkins, groups cannot be significant units of selection, however much
structuralism points to the “theoretical” possibility of a hierarchy of units.
However, in practice, function and structure perspectives can cooperate
when the assumptions of both are met in particular model-applications:
interactor selection among highly evolved organisms in laboratory and field
experiments can be represented in models that take for granted both the
existence of the compositional hierarchy and the functional
genotype/phenotype distinction. This cooperation has been endorsed by
many as a harmless sort of pluralism: whether one views an evolutionary
process from structuralist or functionalist perspective may just depend on
what is convenient for the particular research question at hand.13 Less
studied is how the apparent cooperation may lead to a false sense of
robustness: rather than complementing one another so as to reveal empirical
results that are independent of differing assumptions, the idealizing
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assumptions shared by the two perspectives may mistakenly be endorsed as
plain truths just because they are shared. The genotype/phenotype
distinction and the compositional hierarchy, though distinctive foci of the
functionalist and structuralist perspectives, may yield pseudo-robust results
because both are derived from the same grounding in neo-Darwinian
principles. In order to detect pseudo-robustness – false consilience – a third
anchor-point is needed, a perspective from which to “triangulate” results
rather than reinforce potentially misplaced trust in dichotomies.
Reproduction is a process whose units are bo th  hereditary and
developmental, populations of which can evolve by means of natural
selection. Thus, an integrated science of genetics, development and evolution
requires a robust account of the units of reproduction. In the next section, I
describe a process perspective on reproduction which will be used in the
final section to formulate questions about the robustness of our genetical
understanding of evolution at two levels: robustness to the assumptions of
particular process perspectives and robustness to structuralism,
functionalism and processualism.
The Reproducer: A Process Perspective on Development, Inheritance and
Evolution
Evolutionary Transitions and Replicators
Theories of evolutionary transition are designed to explain the evolutionary
origin of new levels of organization (Buss 1987). They have generally been
framed in terms of changes in the mode of replication or transmission of
genetic information of biological units. Units that replicated independently
prior to a major transition replicate as dependent parts of higher-level,
independent replicators afterward (Maynard Smith and Szathmáry 1995;
1999). This kind of analysis captures genetic aspects of the transition
process well by identifying mechanisms that may have played a role in the
evolution of chromosomes and multicellularity, such as genetic conflict
suppression, contingent irreversibility, duplication-divergence, and
developmental bottlenecks.
However, a fundamental problem for this type of theory is to articulate the
concept of a replicator. For the most part, Dawkins’ lead has been followed
in the conceptual analysis of replicators. Replicators are any entities in the
universe of which copies are made. Active replicators influence, through
their phenotypic effects, the probability they will be copied. Germ-line
replicators are the ancestors of indefinitely long lineages of replicators.
Dawkins’ ‘active germ-line replicator’ is adopted by Maynard Smith and
Szathmáry in their 1995 theory of major evolutionary transitions.
The Dawkins replicator concept poses problems for transition theory
because, according to Dawkins, there are only two kinds of such replicators:
genes and memes. Other candidates fail to satisfy all the necessary
properties of longevity, fecundity, and copy-fidelity. The primary downfall
of most candidates is that they lack the “digital” properties that give nucleic
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acid replicators and symbolic memes their copy-fidelity. This is a problem
for transition theory because if only genes and memes are replicators, then
the number of major transitions is severely limited: once genes became
dependent replicators, there could be no further transitions without the
evolution of new higher-level independent replicators to become dependent
in the next transition. The evolution of replicators is apparently very
difficult and, according to Dawkins, has not happened since the evolution of
cellular life, except for memes. While this view rightly emphasizes that
major transitions are not everyday products of adaptive evolution (longer
legs, more efficient enzymes) or mere increases in adaptive complexity,
however dramatic (wings, lungs, eyes, homeothermy, internal fertilization),
it is nevertheless overly restrictive. According to Maynard Smith and
Szathmáry, there have been about eight major transitions in the evolution of
life on earth. However, we do not find evidence of seven levels of dependent
replicators. Rather, as they later acknowledged (Szathmáry and Maynard
Smith 1997), we find evidence of one level of dependent replicators – the
genes – and the rest involve “reproducers” up to the transition to human
language. This raises the question of the relation between replicators and
reproducers.
Reproduction and Multiple Inheritance Systems
An amendment to transition theory, revising the concept of replicators,
addresses this problem (Griesemer 2000c). Suppose evolutionary transition
involves a change in the mode of reproduction, not necessarily of replication.
An evolutionary transition is a process in which entities that were capable
of independent reproduction before the transition reproduce only as parts of
a larger whole after it (Szathmáry and Maynard Smith 1997; Griesemer
2000c: 79). Mode changes in reproduction result from the evolution of
development, so a theory of reproduction must integrate an account of
development with that of inheritance. Suppose further that replicators,
according to this amendment, are a special class of “reproducers.” Thus, the
above description of evolutionary transitions can be understood as a
generalization of the Maynard Smith-Szathmáry account and there is no
conflict between Dawkins’ conclusion that origins of replication are rare and
Maynard Smith and Szathmáry’s claim that there have been about eight
major transitions.
The proposed amendment to transition theory requires an analysis of
reproduction and an account of how replicators turn out to be a (rare)
special case of reproducers. The reproducer analysis offered below suggests
a stage model for evolutionary transitions in which inheritance systems
evolve at each new level of reproduction. An important implication is that, if
the amended theory is correct, there must be a multiplicity of inheritance
systems. There is abundant empirical evidence for such a multiplicity
beyond the genetic inheritance system. These have recently been classified
into genetic, epigenetic, behavioral, and symbolic inheritance systems
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(Avital and Jablonka 2000; Jablonka 2001). However, the conceptual basis
of inheritance systems remains in doubt because of the dominance of the
genetic replicator model for analyzing inheritance processes. Philosophers
and scientists from the developmental systems perspective who, like me,
want to reintegrate development into Darwinian evolutionary theory, have
questioned the value of extending replicator talk to other inheritance systems
in the search for a more robust theory of complex developmental systems.
Developmentalists are suspicious of the “language of separate ‘inheritance
systems’” (Griffiths 2001: 406), in part because such language has long been
grounded in the notion of the replicator as the sole bearer of genetic
information. Those working on epigenetic, behavioral, ecological, and
cultural inheritance have struggled to overcome this restrictive legacy of
explanatory privilege for genes in biological theory. Developmental systems
theorists prefer to identify whole developmental systems as replicators to
emphasize the complex, non-partitionable interactions of many
developmental resources inside and outside of the body that must occur for
life to cycle.
After I sketch the reproducer analysis, I will consider in more detail the
variety of process perspectives that might help “triangulate” on the
fundamental assumptions of neo-Darwinian units analysis which may
eventually lead to a more robust picture of evolutionary processes.14

Reproducer Analysis
The analysis begins with Szathmáry and Maynard Smith’s (1993: 198)
account of the units of evolution in terms of three principles:
(1) Multiplication: If there is entity A, then it must give rise to more of the
same. (emphasis added)
(2) Heredity. Like begets like: A type entities produce A type entities, B
type entities produce B type entities, and so on.
(3) Variability. Heredity is not exact; occasionally A type objects give rise
to A’ type objects (it may be that A’ = B).
If objects of different types have a hereditary difference in their fecundity
and/or survival, the population undergoes evolution by natural selection.
Note that unlike the Lewontin analysis mentioned above, the Szathmáry-
Maynard Smith analysis does not include fitness among the three main
principles. It is an analysis of units of evolution. The addition of a fitness
principle (fecundity or survival value) analyzes evolution by means of
natural selection.
The principle of multiplication invokes a principle of development, since
multiplication must be of entities of the same kind. Since any two things
resemble one another with respect to numerous kinds, biological
multiplication must result in entities of the same relevant kind, which it is
the task of a theory of development to specify. Development in a minimal
sense from an evolutionary point of view is the acquisition of the capacity to
reproduce. Acquisition of a particular trait that plays a causal role in a
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mechanism of development can be analyzed in terms of this general,
developmentally acquired, capacity to reproduce regardless of the specific
ways or degrees in which traits contribute to it. Differently put, traits or
parts that develop are means to the evolutionary end of reproductive
capacity.
Multiplication is the process by which more entities are produced. In that
respect, the analysis provides a schema for models from this process
perspective. This notion of multiplication, however, is too general to serve
as an account of biological reproduction. First, biological multiplication is of
material objects. Second, the relation between parents and offspring is not
merely one of resemblance, but rather is one of material overlap. Offspring
are made from physical parts of the parents, they are not merely similar
objects made from wholly distinct materials. Otherwise, copying would be
the appropriate concept for biology rather than multiplication (Griesemer
1992; Griesemer in preparation).
The reason biological multiplication involves material overlap of parents and
offspring is due to the demands of development (Griesemer 2000a;
Griesemer 2000c). Development is minimally the acquisition of the capacity
to reproduce. For multiplication to result in more entities of the same
relevant kind, the offspring must be organized so as to have –
autonomously from their parents – the capacity to develop. That is,
offspring must be born with the capacity to acquire the capacity to
reproduce. While it is conceivable that this grade of organization could be
transmitted through unorganized bulk matter carrying only the capacity for
spontaneous self-organization, it is not probable that such a system of
multiplication could compete with biological systems in which highly
organized material propagules form the basis for the origin of new
individuals. Hence biological reproduction is “sample-based” (Sterelny
2001) and material propagules, not mere informational programs, explain
their development. Even Dawkins, who generally attributes all significant
biological causal powers to replicators (Dawkins 1983: 164), admits that
development must be “bootstrapped” by organized, developmental
propagules in order for replicators to function (Dawkins 1995). The issue
raised here is not the empirical question of whether development in life
cycles is favored by selection because it leads to complex adaptations
(Dawkins 1983: ch. 14). It is rather the observation that Maynard Smith and
Szathmáry’s concept of multiplication entails a concept of development.
According to this analysis, developmental and reproductive capacities are
locked together in a recursive relationship. Reproduction entails
development and development entails reproduction. The recursion halts in a
condition of “null development” such as chemical autocatalysis.
Autocatalytic molecules just have the capacity of autocatalysis; they need
not acquire it through “development.”15 The capacity is, of course,
dispositional and requires appropriate triggering conditions (input of “food,”
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ionic conditions, temperature and pressure range, enzymes, and so forth) in
order to be realized. More importantly, heredity will tend to be exact rather
than variation-propagating whenever development is null because it is very
difficult to produce variant autocatalytic cycles that are not “lethal,” i.e.,
they tend simply to halt catalysis rather than yield variant cycles (Gánti,
Szathmáry et al. 2003). Instead, variation and true inheritance must
“emerge” in the developmental process of acquiring the capacity to
reproduce. Since null developers do not acquire reproductive capacity in
development, the opportunity for evolution through generated variation is
lacking. If chemical autocatalysis is the basis for the origin of living systems
from non-reproductive chemical systems (Gánti 1979; Dyson 1985; Gánti
1987; Gánti 1997; Gánti, Szathmáry et al. 2003), theories of the origin of life
must explain the transition from exact to inexact heredity and from
autocatalysis with null development to reproduction with development.
Copying – the core of Dawkins’ analysis of replicators – in contrast to
reproduction, does not entail material overlap. The resemblances implied by
copying processes are generally insufficient to meet the evolutionary
minimum requirement, unless the copying occurs in the context of a more
inclusive process of reproduction as outlined above.16 It is possible to make
the “gene’s eye view” work as an analysis of units of replicator evolution
only in so far as replication (interpreted as a copying process) takes place in
host reproducers serving as interactors. This is so because the process of
replication cannot take place without the development of the capacity to
replicate and nothing in the standard analyses of replicators imply their
development.
If development evolves  so that the behavior of material propagules
transmitted from the parent involves adaptations and not just physico-
chemical properties of non-reproductive systems (such as diffusion), then
we can call the reproduction process an inheritance process and its units
“inheritors.” Further, call the genetic inheritance system a system of
replicators in so far as the highly evolved genetic mechanisms that play a
role in development have the particular character of a coding system. One
possibly necessary condition for a coding system is evolved reproducers
having the properties of “digital” or “unlimited heredity” in which the
number of possible states of the system vastly outnumbers the actual
individuals in any reasonable population (Jablonka and Szathmáry 1995;
Szathmáry and Maynard Smith 1997; Szathmáry 1999). This combinatorial
structure is put to use in evolution by means of certain sorts of processes in
development. A coding process is a process that generates a mapping
between a code source and a code recipient, for example between a DNA
molecule and a protein molecule. Only at this grade of evolution can there be
a genotype/phenotype distinction of the modern sort. Note that in keeping
with the recursive relation between reproduction and development, genetic
coding involves not only the occurrence of molecular events within a
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generation, but the multiplication of the coding system itself: without the
inheritance of ribosomes, synthetase enzymes and the rest of the decoding
apparatus, there is no sense in which DNA carries a code (Griesemer in
preparation).
Thus, rather than thinking of ‘replicator’ as a generalization of the gene or
the genotype concept, replicators – units of replication – are a special class
of inheritors – units of inheritance – which in turn are a special class of
reproducers – units of reproduction – which in turn are a special class of
multipliers. Replicators are the most specialized units of a hierarchy of
concepts, hardly the generalization we need for doing the work of
evolutionary units analysis.
Just as the evolution of replicators makes them the most specialized and
highly evolved units of heredity, the development of modern replicators is
deeply embedded in an evolutionary hierarchy of levels of reproductive
organization. Replication is a highly context-dependent developmental
process because successive evolutionary transitions have altered their mode
of transmission and information storage – i.e. their mode of development –
several times over. Far from being master molecules, genes are prisoners of
development, locked in the deepest recesses of a hierarchy of prisons.
In general terms, one can model evolutionary transition as a progression of
developmental “modes” from the general to the specific: from reproducers,
to inheritors, to replicators. Rather than “point event” transitions from
independent to dependent replication within larger wholes, evolutionary
transitions are extended processes with several distinct stages (Griesemer
2000c). The first stage is the emergence of a new level of reproducers from
lower-level processes. The origin of a new level of reproduction does not
require a fancy developmental process, as would be entailed by the
origination of a new level of replication. Rather, the stabilization and
maintenance  of a level of reproduction requires the evolution of
sophisticated (i.e. non-null) developmental mechanisms to block conflict
from below and promote cooperation above.17 Replicator-based accounts of
transition seem to imply that this evolution of development must coincide
with the emergence of a new level of reproduction, which is part of what
makes transitions appear improbable.
In the second stage, evolution of mechanisms of development that enforce or
encourage cooperation, for example by equalizing genetic interests, by
policing rogues, by enforcing centralized control on the means of
reproduction, or by some means of blocking outlaw behavior, would help
maintain the new level of reproducers (Maynard Smith and Szathmáry 1995;
Michod 1999; Sterelny 2001). However, the evolutionary transition
literature, with its replicator-based units analysis, does not emphasize the
significance of these mechanisms as the evolution of the development of
emergent reproducers.
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The evolution of developmental mechanisms in stage two implies that the
now-dependent reproducers at the lower level form parts of what I called
inheritors (at the higher level). Propagules at the new level must transmit the
evolved developmental capacities, via the material overlap of developmental
mechanisms at the new level. The contingencies of propagule production and
ecology thus place important constraints and conditions on the evolution of
mechanisms of development at the new level. These mechanisms may
behave as inheritance systems transmissible in parallel to the transmission
system of the original reproducers or they may be propagated through
transmission of capacities of lower level components. To the extent that
complex, adaptive evolution of development must occur to stabilize the new
level, the second stage of evolutionary transition will result in the evolution
of a system of inheritors from the developmental mechanisms that drove the
first stage, e.g. DNA methylation and other epigenetic inheritance systems
(reviewed by Jablonka and Lamb 1995). These multiply with material
overlap of propagules conferring the capacity to develop, just as nucleic acid
genes do (Griesemer 2002b). The third stage of evolutionary transition
occurs when mechanisms of development evolve into a coding system. It is
commonly believed that there are only two such coding systems: the nucleic
acid system and human language, though perhaps cell surface glycoproteins
have enough combinatorial structure in their carbohydrate branching patterns
to constitute a potential coding system (Palade 1983; Drickamer and Carver
1992; Sharon and Lis 1993). Nevertheless, suppose the conventional belief
is correct. The staging of evolutionary transitions from the reproducer
perspective can be framed as a question of heterochrony: why do some
transitions appear to go through all three stages whereas others appear to
compress or even skip stages? Why did the transitions leading to cells
involve all three stages, including the evolution of the nucleic acid coding
system, while the transition(s) to multi-cellularity seem to have involved
only the evolution of epigenetic inheritance systems for cell heredity? The
evolution of a new level of replicators appears not to have been required for
multicellularity. And why did the transition to human language seem to
involve replicators while intervening transitions apparently did not?
If this amended theory is correct, the transition process requires evolved
mechanisms of development to stabilize units at a given level before a new
level of autonomous reproducers can emerge. Thus, according to the
reproducer analysis, new inheritance systems must evolve at a level before
evolutionary transition can occur again.
My purpose is not to promote the reproducer perspective as a replacement
for either structuralist or functionalist perspectives on neo-Darwinism, nor
as a rival to other process perspectives such as process-structuralism or
developmental systems theory, but rather to highlight shared assumptions
of structuralism and functionalism that lend an air of robustness, but which
may not serve the broad project of generalizing Darwinism and may hinder
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the project of exploring the limits of Darwinism. Since the limitations of
shared assumptions cannot be investigated within the confines of the
perspectives at issue, I outlined the reproducer perspective in order to have
a divergent standpoint from which to evaluate the others (and conversely).
The key problem with both structuralist and functionalist perspectives is
that they lack means to represent the process of development in relation to
the processes of primary concern to them: heredity and selection. The
genotype/phenotype distinction seems to justify treating development as a
black box: the only developmental requirement in neo-Darwinism is a
mapping relation from genotype to phenotype. The simplest maps in the
models of classical biochemical, population and quantitative genetics were
additive. Each gene has a small additive effect on a phenotype and all the
complexities are partitioned according to an analysis of variance into main
additive effects and interaction terms (for dominance, epistasis, genotype-
environment interaction, and so forth). No matter how complex the
mechanistic details get, there will be some mapping relation. Theoretical
evolutionary genetics theory can go on independently of developmental
biology in the sense that simple maps can be explored without knowing in
what respects and degrees they fail to represent actual developmental
processes. Empirical results in developmental biology can be incorporated
into theoretical evolutionary biology simply by tinkering post hoc with
mapping functions. Of course, the evolution of mapping functions
themselves – the “evolvability” of the phenotype – cannot be fully explored
by neo-Darwinian models since alternative developmental mechanics must
be made explicit and that is ruled out by the neo-Darwinian abstraction (see
e.g. Wagner and Altenberg 1996).
Multiplicity of Perspectives, Robustness, and the Enrichment of Science
A process perspective in science takes processes to be the primary
phenomena to be described (observed, represented, explained, predicted,
understood, experimented upon, measured, conserved, destroyed,
engineered). Structuralism takes objects (entities, things, concrete historical
individuals) as its primary subjects, to be described in terms of structure or
organizational properties abstracted from functions and processes.
Functionalism takes its primary subjects to be functions (roles, purposes,
goals, intentions) abstracted from objects that realize them and  processes
they undergo. Many of the state spaces pictured above trace in some way to
the structuralist tradition in genetics in which evolution is represented as
state transformations of biological objects. Although the transformations
themselves can be treated as processes, much of the theoretical apparatus of
this kind of research abstracts functions or relations among objects at
different times or places from the processes that “connect” them in space-
time. Process is pushed into the methodological background, for example
into husbandry practices for rearing and tending the organisms whose
transformations in development, heredity and evolution are tracked and
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represented (Griesemer 2000b). Since development “happens” in that
background, foregrounded relations of heredity have become the subject of a
science of genetics which is formally as well as methodologically and
empirically separated from embryology. Embryology, in turn, foregrounds
development and backgrounds hereditary transmission as the technical
means by which developmental “material” is generated for study (Griesemer
forthcoming).
A theoretical perspective can guide the conduct of modeling (Griesemer
2000a) without much regard for the subjects it pushes into the background.
In the units of selection controversy in evolutionary biology, for example,
Lewontin’s account of natural selection operating on a hierarchy of
individuals is made from a structure perspective in which entities at any
level of organization with appropriate structure – i.e. satisfy Darwin’s
principles – evolve by means of natural selection (Lewontin 1970; see
Griesemer 1992). How these entities develop is of little concern in classical
selection theory. Dawkins’ and Hull’s distinctions between replicators and
vehicles or interactors identify as units anything which serves or has those
identified functions (Hull 1981; Dawkins 1983; Hull 1988). Neither
Dawkins nor Hull takes much trouble to analyze the processes through
which the functions are served (copying or replication). A perspective on
units of evolution like Maynard Smith’s, by contrast, takes the process of
organic multiplication as primary, and the structures or functions that
instantiate, cause or explain it as secondary givens (Maynard Smith 1988;
see Griesemer 2000c for analysis).
To the extent that structure, function and process together provide an
exhaustive taxonomy of phenomena, somewhat as Aristotle’s four causal
categories (material, efficient, formal, and final) were supposed to exhaust
causality, research packages (Fujimura 1996, Gerson 1998) must at least
tacitly make assumptions and commitments in all three respects, though
they may take one or another as primary focus. One or another of these
three kinds of perspectives – structure, function, process – may characterize
a particular science in a given historical period, distinguish among sciences or
subdisciplines, or sustain disciplinary rhetoric through trans-disciplinary
controversies. Their proponents may favor attention for contingent and
particular historical reasons to one perspective over the others, even if they
recognize that a complete biology would include them all.
Perspectives are of “transcendent” significance because they afford means of
assessing the robustness of scientific achievements to the idealizing
assumptions of modeling strategies and particular scientific research
programs. Perspectives do this by specifying what will count as relevant
respects and significant degrees in which the models of a family are
compared and evaluated, for example in their predictive successes and
failures according to the conventions, procedures and standards of the
research package. Thus, just as we seek scientific results that are robust to
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the idealizing assumptions of particular models used to represent particular
phenomena, we seek scientific achievements – collections of results – that
are robust to the assumptions of whole modeling strategies and research
packages. This higher-order robustness can only be assessed if a scientific
community pursues phenomena from a variety of perspectives with a
variety of packages and compares them. It is not enough merely to compete.
Process perspectives add a crucial third leg to biological research interpreted
in terms of the more familiar structure and function perspectives. In general,
consideration of scientific strategies, results, and achievements from only
two perspectives tends to promote conceptual dichotomies and the
perception that a choice must be made between better and worse or right and
wrong interpretations. However, perspectives are not the sorts of things
that can be right or wrong, better or worse per se. Rather, they are right or
wrong, better or worse for some particular purpose of some particular
investigator. Like philosophy itself, theoretical perspectives in science are
stances, not claims (Van Fraassen 2002). Since epistemic access to nature by
means of scientific research is always limited, partial, contingent,
constructed, social, and pragmatic, “our truth,” as Levins so aptly wrote, “is
the intersection of independent lies” (Levins 1966: 426). Thus, the goal of
robustness analysis at all levels is to factor out the idealizations and
falsifications that we introduce for the purposes of investigation, not to
champion one perspective over all others because it avoids the particular
idealizations of the others. False models are our means to truer theories
(Wimsatt 1987).
A theoretically adequate science of genetics should value variety of
theoretical perspectives as much as it values variety of theoretical models.
Just as variety of models is essential to robust theories, varying
perspectives is a plausible strategy for developing robust concepts of
theoretical units, such as the gene, the organism, and the developmental
system. I use this argument to promote consideration of “process
perspectives” on genetics in addition to traditional structure and function
varieties, and to compare several perspectives, including neo-Darwinism,
process structuralism, and developmental constructionism with my own
process perspective on reproducers as genetic units. These perspectives
collectively yield insights into the nature of genetic units that none by
themselves could. Thus, my argument differs from those critics of neo-
Darwinism who offer their perspectives as superior alternatives. In my
view, it is the theoretical collective, not the individual investigator, that
achieves or fails to achieve robust results. Thus variety of models and
perspectives is of value in itself for good science.
A hallmark of many of the biological perspectives considered here is that
they were formulated in reaction to others, and thus their lists of complaints
help constitute the perspective. This rhetoric of opposition, however,
makes criticism too easy and cooperation in pursuit of robust scientific
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understanding needlessly difficult. Perspectives formulated as stances
against others drive concepts toward mere contradictories and dichotomies:
for or against genes; for or against pan-adaptationism; for or against
biological laws; for or against explanation by internal mechanisms. However,
the model assumptions tell a different story: representation of inheritance in
terms of genes does not exclude representation of inheritance in terms of
genes plus environments or interacting developmental resources. The
compatibility or incompatibility of model representations of phenomena
depend on much more than the oppositional perspectives from which they
are constructed. However, cooperation across perspectives is hindered by
identification of research programs with oppositionally defined
perspectives.
Process-structuralists complain, for example, that neo-Darwinists place too
much explanatory weight on natural selection, without examining the extent
to which dynamic living systems generate and transform phenotypic order
“for free,” obviating the need for “unparsimonious” appeals to Darwinian
selection on “underlying” genetic sequence variation (Kauffman 1993;
Webster and Goodwin 1996). Developmental systems theorists complain
that replicator/interactor functionalists, neo-Darwinians, and extended
replicator theorists ignore the extent to which processes beyond the skin,
such as culture and niche construction play a strong role in the
developmental interactions that structure evolutionary units. These
phenomena require identification, they argue, of the replicator function with
whole developmental systems rather than with a single resource such as
genes (Oyama 1985; Griffiths and Gray 1994 and 2001; Oyama, Griffiths et
al. 2001). Extended replicator theorists resist the apparent holism of
developmental systems theory on grounds that there is a special and distinct
role which genes play but many environmental resources do not (Sterelny,
Smith et al. 1996; Sterelny 2001). Neo-Darwinians express surprise that
others are unimpressed by or even take the trouble to understand the
success of developmental genetics in its reductionist account of evolution in
terms of a combination of molecular sequence variation and gene regulation
(Coyne 2000). If such critics did understand the progress being made in real
science (i.e. molecular developmental genetics), they would of course
believe.
In this essay, I have stepped back from these debates and controversies not
to assess which perspectives are winning or losing the war for attention and
conceptual domination, but rather to reconsider the competitive process by
which fundamental concepts and research programs are vetted. In my view,
whole research packages – theoretical perspectives and families of models
together with collections of research procedures, conventions and standards
– should be evaluated for robustness to idealizing assumptions, just as
scientists and philosophers of science have argued that individual models
must be so assessed.18 However, we cannot easily identify and evaluate
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packages if our conception of scientific progress is one of simple
competitive replacement, by the package of the moment. Instead, I urge
trans-perspective cooperation in the service of comparative analysis.
Robustness analysis of the sort I advocate requires patient attention to
those research packages one does not adopt, for the sake of learning about
the prospects and limitations of the one to which one has made a primary
commitment.
Studies of robustness begin with comparative analysis of assumptions and
of results. Provided we have at least three legs to stand on, any one stance
serves as a reference point for the detection of similarities and differences in
assumptions and empirical findings among the other two. Three-way
comparison can reveal shared assumptions of all three. The hard work of
robustness analysis is comparison of the relations between assumptions and
results, to see if results hold across perspectives despite differences of
assumptions. If they do, then results are robust to the particular
assumptions of any perspective yielding them. If they do not, then results
are not robust, even if they are shared across perspectives.
The work of assessing the robustness of results in evolutionary biology to
assumptions from different perspectives was advanced considerably in a
comparative analysis of theoretical perspectives by van der Weele (1999).
She describes three theoretical perspectives on development: a “switches
and responses” approach which tries to integrate genetics with embryology
according to some notion of genetic or epigenetic program (roughly, neo-
Darwinism as discussed here), a “fields/structures” approach characteristic
of concerns with laws of form (roughly, process-structuralism), and a
“networks/constructions” approach (roughly, developmental systems
theory) in which “organisms are constructed in contingent historical
processes” (ibid.: 31). Exemplars of the first include developmental
geneticists like Raff and Kaufman as well as epigeneticists like Waddington
and Schmalhausen. Goodwin is the prime exemplar of the second. Oyama
and Lewontin are exemplars of the third.
Van der Weele identified three dimensions of similarity and difference in a
triangle diagram comparing the three perspectives. Perspectives (triangle
vertices) united by a similarity of interest or research focus have an edge
connecting them. The perspective not connected by that edge differs in that
respect in primary interest or focus.

Figure 4: “Similarities and differences between the three approaches.”
Details are given in the text (Figure and legend from Van der Weele 1999: 43,
with permission from Suny Press).

Van der Weele’s representation greatly facilitates the formulation of critical,
comparative analysis as a project of robustness analysis because what we
want to know is which results of evolutionary research are independent of
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the idealizing assumptions of each of the specified research packages.
Results that hold for the perspective off one of these lines of similarity, but
not for those perspectives connected by it, are likely to be sensitive to the
idealizing assumptions of that perspective. Results that hold across a line of
comparison are not likely to depend (directly, straightforwardly) on the
assumptions linking the similar perspectives. Van der Weele’s triangle
diagram suggests a general scheme for the initiation of robustness analysis
for perspectives.
Along these lines, several important similarities and differences can be
visualized in a comparison of process-structuralism, developmental systems
theory, and the reproducer perspective.
The focus on evolution as state transformation of systems over time rather
than environmental “molding” of organisms is shared by process-
structuralism (PS) and developmental systems theory (DS), though the two
perspectives will probably disagree about what parameters of models are
appropriate since process-structuralism, like the reproducer perspective
(RP), seeks developmental invariants. However, PS seeks developmental
invariants as the proper basis for generative principles and process laws,
while RP seeks them as clues to the heuristic breakdown of the reductionist
research strategy (Griesemer 2000b, 2002a). In contrast to the search for
developmental invariants, developmental systems theory focuses on
historically contingent recurrences of developmental resources produced by
natural selection.19 DS and PS both focus on development as the key to
unlocking phenomena left mysterious by neo-Darwinism. RP treats heredity
and development as equally relevant and entwined parts of a complex
process of reproduction, and thus pursues explanatory parity or symmetry
for processes rather than for objects (developmental resources) or functions
(replicators and interactors). RP shares with DS the view that historically
contingent natural selection is importantly explanatory of the current states
of biological systems, but places its significance with respect to units
analysis differently. RP follows Maynard Smith and Szathmáry’s rather
than Lewontin’s approach to units of evolution, with the addition of a
fitness principle to the fundamental three (multiplication, variation,
heredity) to define units of selection as a special case of units of evolution.
DS appears to follow, in at least some of its statements, the functionalist
units analysis of Dawkins or Hull. DS and RP both reject a priori
distinctions of internal (organism) and external (environmental) causes,
which PS appears to accept in its formulation of what to count as state
variables and what as parameters in its developmental models. DS and RP
are both amenable to modeling “environments” as parts of developmental
systems. RP and PS are amenable to transmission metaphors while DS is
not. All three perspectives share an interest in epigenetic inheritance, though
they disagree about whether separate inheritance “channels” exist. All three
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likewise reject Weismannism, though they differ in how and whether to pick
up the pieces of that shattered distinction.
RP emphasizes origin problems and processes, as do PS and DS, but has yet
to guide any serious mathematical model construction of the sort that PS
has. DS also has yet to influence mathematical model construction (thus far),
in part because it is skeptical of the well-developed modeling strategies of
the neo-Darwinian research package and endorses the less tractable forms of
dynamical coupling of organism and environment characteristic of, e.g. niche
construction.20 RP treats neo-Darwinian modeling strategies as special cases
and looks for ways to relax Weismannist assumptions while retaining them
as special cases, thus subsuming traditional genetics instead of rejecting it
(Griesemer 2002a). DS subsumes niche construction and draws parallels to
the “dialectical” form of interactionism described by Lewontin (see Griffiths
and Gray 2001; Oyama, Griffiths et al. 2001). However, RP is doubtful that
the class of mathematical models produced by PS’s physics-based vision of
general laws is robust because physics offers a dynamical theory of
quantities without a similarly robust account of the chemical objects far
from equilibrium that form the material basis for developmental and
reproductive processes (Fontana, Wagner et al. 1994; Fontana and Buss
1996).21

This listing of similarities and differences is only intended to illustrate the
kinds of comparisons that might facilitate a robustness analysis among
process perspectives. The larger issue is the need for a robust family of
process perspectives to complement structuralism and functionalism.
Attempting to carry out a realistic robustness analysis would be premature
because too few empirical or theoretical results have been generated by any
of the new process perspectives to offer a comparative base.22

Conclusion
I have argued for the addition of process perspectives in evolutionary
biology to the more familiar and conceptually dominant perspectives of
structuralism and functionalism. I also suggested that perspectives – parts of
research packages including families of models, practices, standards and
conventions – be viewed as contributors to a cooperative effort to establish
a robust understanding of biological phenomena of heredity, development
and evolution. Robustness requires comparative evaluation of the relations
between idealizing assumptions and empirical results. This is facilitated
when one position is used to judge similarities and differences between at
least two others. Thus, a process perspective can be a useful addition to a
structure and a function perspective and moreover, a reproducer perspective
can be a useful addition to other process perspectives, such as process-
structuralism and developmental systems theories. I suggested some of the
lines of investigation that unite and distinguish these three kinds of process
perspectives to illustrate the fruitfulness of looking at conceptual evaluation
this way. The real work – of articulating and testing models from within



368

several perspectives and then evaluating their empirical results for
robustness at both the level of models within families and at the level of
perspectives – has barely begun.
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7 A distinction must be made between the evolution of taxonomic levels and the evolution
of levels of composition. Darwin did explain the former with his gradualist account of the
divergence of character (Darwin 1859: ch. 4). However, this only explains the evolution of
genera from species, families from genera, and so on – the evolution of clades. Even if
these were compositional levels, Darwin’s theory does not explain the evolution of
multicellular organisms from single-celled organisms or the evolution of life from non-life
– the evolution of grades of organization – as many creationists complain. It leaves the
mystery of mysteries untouched. Even Darwinians like Ernst Mayr are discomfited,
claiming irony in Darwin’s title since he explained the origin of adaptation, not of species
per se.
8 This explanatory problem is familiar. Consider the problem of how to explain the
evolution of sex. Sex may confer an advantage on the future prospects of the species over
asexual species, but the two-fold disadvantage of sex in the short term cannot be explained
by appeal to future, teleological benefits because natural selection is “short-sighted.” The
explanatory problem with teleology is that knowing the outcome of a process makes it easy
to think that any event along the way is part of the mechanism or process “leading to” that
outcome. In virtue of knowing the outcome, however, we need never notice that its origin
is not accounted for.
9 Griesemer et al. (in press) argue, contra developmental systems theory, that this can be
done without the connotations of statistical independence between channels characteristic of
theories of inheritance as flow of genetic information.
10 Recently, developmental systems theorists have subsumed niche construction as a
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the developmental systems perspective (Laland, Odling-Smee and Feldman 2001). It
remains to be seen whether this kind of merger of developmental process and structure
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building strategies (Griesemer et al. in press). For recent efforts in this direction, see
Odling-Smee, Laland and Feldman (2003).
11 Smith (1992) reviews process structuralism and its avowed connection to pre-Darwinian
rational morphology.
12 A very different research program guided by the process-structuralist perspective is the
work of Stuart Kauffman to interpret catalytic sets of interacting proteins and also gene
regulation networks in terms of abstract networks of boolean “NK” automata: switching
networks of elements with on and off states that interact with other network elements to
turn them on or off as well (Kauffman 1993, 1995, 2000). Although it would be important
to assess Kauffman’s work in a full robustness analysis of model families within process-
structuralism, across process perspectives, and across structuralist, functionalist and process
perspectives on evolution, my more limited goal in this essay – to illustrate the need for
such an analysis – and want of space and time preclude undertaking that project or
discussing Kauffman’s work here.
13 See, for example, Dawkins (1983, ch. 1) on “Necker Cube pluralism” or Sober and
Wilson (1998) on the compatibility of many different kinds of models of population
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14 Or, to help discover whether or in what respects the picture is pseudo-robust.
15 I leave open here the question whether chains of molecular reactions constitute
developmental processes for complex molecules, and thus whether autocatalysis itself could
constitute a higher-order reproduction process with recursion down to, say, some quantum
mechanical “null development” of individual molecules forming a chain of reactions.
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16 This was discovered by von Neumann and reported in his celebrated study of self-
reproduction (von Neumann 1966). See also Penrose (1959) and Szathmáry (1994).
17 The levels here are levels of reproduction, not necessarily levels of composition. Because
the perspective developed here is a process perspective, no commitment is made directly to
spatial, compositional relations among reproducers. I assume, for the sake of illustration, a
conflict model of evolutionary transition. Not all models of evolutionary transition are
models of conflict from within; they may for example result from cooperative evolution of
defence against genomic parasites (see Jablonka and Lamb 1995).
18 Levins (1966, 1968), Wimsatt (1980, 1981, 1987). Elihu Gerson (1998, ch. 10) has a
similar, but narrower notion of research package which does not include perspectives as
elements: “As various aspects of research work [theories, models, procedures, concepts, and
descriptions] come to co-specify one another, they tend to form a conceptual and
organizational unit. I will call such a unit a package, following a usage from computer
science …. Co-specification and packages are matters of commitment. That is, when
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among their components; loosely specified packages have many options. For example, the
Mendelian-chromosome model as developed by geneticists in the early twentieth century
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19 Griffiths and Gray (1994) actually offer two perspectives: a developmental systems
perspective which seeks recurrent developmental resources and a developmental process
perspective which seeks recurrent developmental relations.
20 See for example the comparison in Griffiths and Gray (2001: 205) between dynamical
equations for evolution in neo-Darwinism, Lewontin’s constructionism and niche
construction.
21 “In a conventional dynamical system all components and all interactions are given
explicitly at the outset and the mathematical apparatus is used to compute, for example,
equilibrium distributions of the components of the system. In contrast, the components of
biological and chemical systems endogenously construct new components upon interaction.
The information for this constructive action resides in their structure. The study of the
possible organizations of such components hinges on the lawful association between
structure and action. A major goal of the AlChemy project is to develop a formalization of
the structure/action association called "chemistry" at a level of abstraction that is useful for
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http://www.santafe.edu/~walter/AlChemy/alchemy.html).
22 The extensive research programs of Kauffman; Wimsatt and Schank; Goodwin, Webster
and colleagues; Newman; and others have offered a number of empirical and theoretical
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