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Cuvierian Functionalism

Aaron Novick∗

The rise of evolutionary-developmental biology (evo-devo) is often claimed to mark the
return of typological and/or structuralist thinking to evolutionary biology. Proponents of
such claims point to evo-devo’s emphasis on the deep conservation of animal body plans.
Deep conservation requires long-term evolutionary stasis, which is difficult to explain in
a Darwinian functionalist framework. Evo-devo biologists must therefore rely on other
argumentative strategies to explain deep conservation. I argue, however, that their expla-
nations are not typological or structuralist. Rather, they are Cuvierian functionalist: they
recapitulate, inmodified form, an argument developed byGeorges Cuvier in the nineteenth
century. Cuvierian functionalism is distinct from but complementary to Darwinian func-
tionalism. Moreover, Cuvierian functionalism is immune to the traditional objections to
typological thinking.
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Cuvier believed that the radically different organizations of the four embranchements
could not change from one to another without a fatal loss of integrated function during
the transition. This argument is still a forceful one.

– Rudolf Raff (1996, 6)

1 Anti-Gradualism,Then and Now

This paper makes the case that evolutionary-developmental biology (evo-devo), in explaining
the deep conservation of animal body plans, relies on a Cuvierian functionalist explanatory
strategy. Philosophical analysis commonly treats evo-devo as a “typological” research program
(Alberch 1989; Amundson 2005; Brigandt 2007; Lewens 2009), in contrast to the popula-
tion thinking that undergirds population-genetic approaches to evolutionary theorizing (Mayr

∗ Department of Biochemistry and Molecular Biology, Department of Philosophy, Dalhousie University,
Tupper 8-A2, 5850 College St, Halifax, NS B3H 4H7, Canada, aaron.novick@dal.ca,

 https://orcid.org/0000-0001-5081-7527

Received 30 November 2018; Revised 10 January 2019; Accepted 11 January 2019
doi:10.3998/ptpbio.16039257.0011.005

 open access - ptpbio.org

mailto:aaron.novick@dal.ca
https://orcid.org/0000-0001-5081-7527
http://dx.doi.org/10.3998/ptpbio.16039257.0011.005
http://ptpbio.org


novick: cuvierian functionalism 2

1959). The central aim of this paper is to show that many of the features that have led evo-devo
to be treated as typological are in fact the product of its Cuvierian functionalism. To achieve
this overarching goal, this paper has three subsidiary aims: (1) to distinguish two ways in which
Mayr’s notoriously unprincipled notion of typological thinking can be made precise, (2) to show
that one of these ways—Cuvierian functionalism—plays an important role in evo-devo’s devel-
opmental genetic explanations of the deep conservation of animal body plans, (3) to show that
Cuvierian functionalism is compatible with and complementary to theDarwinian functionalism
and population thinking of mainstream evolutionary theory. The remainder of this introduction
is concerned with making the relations between these three aims more salient.

As Ernst Mayr tells the story, one of Darwin’s major achievements was to replace typolog-
ical thinking with population thinking (Mayr 1959; see also Hull 1965a, 1965b). Typological
thinking, rooted in Platonic philosophy, had dominated pre-Darwinian biology, which treated
species as fixed types, limited in their ability to vary. Darwin’s Origin stood this way of thinking
on its head, making variation fundamental and unlimited, relegating “types” to the status of sta-
tistical epiphenomena. All major disputes in evolutionary biology, according to Mayr, could be
analyzed as pitting typological thinking against population thinking. The core of these disputes
lay in the incompatibility of typological thinking and acceptance of gradualistic evolutionary
theories. A typologist, for Mayr, was necessarily an anti-gradualist.

As evo-devo has matured over the past several decades, it has frequently found itself at odds
with mainstream evolutionary theorizing. In attempting to understand these tensions, scholars
have latched onto Mayr’s framework. Both evo-devo biologists (Alberch 1989; Wagner 2014)
and sympathetic philosophers (Amundson 1998; Brigandt 2007; Lewens 2009; Love 2009)
have argued that typological thinking is essential to, and therefore vindicated by, evo-devo’s
successes. As every modus ponens has its modus tollens, so some critics have suggested that evo-
devo is vitiated by its typology ( Jenner 2006). Ron Amundson (2005, chap. 11) has gone so far
as to suggest that evo-devo’s reliance on typological thinking is one of the key factors that renders
it incommensurable with mainstream evolutionary theorizing, with the latter’s commitment to
exclusive population thinking.

A major impetus for understanding evo-devo as typological stems from its emphasis on deep
conservation. This emphasis manifests at several levels, as evo-devo biologists study (i) animals’
deeply conserved genetic toolkit (Carroll 2008); (ii) gene regulatory network “kernels” that have
persisted unchanged for over 500 million years (Davidson and Erwin 2006; Peter and David-
son 2015, chap. 7); (iii) the conservation of complex phenotypic arrangements (Wagner and
Schwenk 2000; Schwenk and Wagner 2001); and (iv) the deep conservation of animal body
plans (Raff 1996; Levin et al. 2016). Raff (1996, chap. 1) has suggested that this is a major
difference between evo-devo and mainstream evolutionary theorizing: where the latter empha-
sizes the diversity of the organic world (cf. Dobzhansky 1982, chap. 1), the former emphasizes
universality. The focus on what is constant as opposed to what is changing makes an analysis of
evo-devo as typological—as a science of fixed types—alluring.

The difficulty with analyzing evo-devo as typological is that Mayr never offered a coherent
account of typological thinking. As Joeri Witteveen (2015, 2016) has shown, Mayr’s initial
introduction of the concept, justified as a “temporary oversimplification”, was unprincipled from
the start, merging distinct concepts in a haphazard way, and only got worse with time. I am
convinced by Witteveen’s work that “typology” and “typological thinking” are terms beyond
repair, and that the analysis of evo-devo as typological is more apt to create confusion than
illumination.

I do not, however, think that the Mayrian project was entirely hopeless. In introducing the
notion of typological thinking, one of Mayr’s aims was to isolate a common pattern of thought
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that gives rise to opposition to gradualistic evolutionary theories. He believed he could identify
a commitment common to all anti-gradualists, a commitment shared despite otherwise distinct
theoretical views. Though he failed in his attempt to carry out this project, the question itself
is a good one: Are there common paths to anti-gradualism, repeated throughout the history of
biology? This question is especially pertinent for understanding evo-devo. The problem of deep
conservation is the problem of evolutionary stasis: Deeply conserved features of organisms are
just those features that have, over long periods of time and in multiple distinct lineages, failed
to evolve. By understanding the various routes to anti-gradualism adopted by past biologists,
we may thereby come to better understand the conceptual foundations of evo-devo.

In what follows, I argue that there are at least two distinct paths to anti-gradualism, one
of which plays a crucial role in evo-devo’s explanation of deep conservation. I begin by pre-
senting Mayr’s notion of typological thinking and demonstrating its close connection with anti-
gradualism (§2), after which I show that anti-gradualism plays a key role in evo-devo’s develop-
mental genetic explanation of deep conservation (§3). I then distinguish two historical paths to
anti-gradualism, natural state thinking (Sober 1980) and Cuvierian functionalism (§4). Next, I
show that Cuvierian functionalism plays a central role in evo-devo’s explanations of deep conser-
vation, while natural state thinking plays no such role (§5). Having established this, I discuss the
relationship between Cuvierian functionalism and Darwinian functionalism, showing that they
are distinct but complementary (§6). I further argue that Cuvierian functionalism is compatible
with a defensible interpretation of population thinking, and that versions of population think-
ing that deem Cuvierian functionalist reasoning illegitimate are indefensible (§7). I conclude
by reflecting on how best to understand evo-devo’s emphasis on universality and conservation
in connection with mainstream evolutionary theorizing’s emphasis on diversity (§8).

2 TypologicalThinking and Anti-Gradualism

Mayr believed that the division between typological thinking and population thinking rested
primarily on metaphysical assumptions about the nature of variation. For the typologist, there
exist “a limited number of fixed, unchangeable ‘ideas’ underlying the observed variability” (Mayr
1959, 2). These ideas or types are fundamental, while variation is ephemeral, and constrained
within limits set by the type. For the population thinker, by contrast, unique individuals are
the ontological bedrock, and any collective description of a group of individuals (e.g., a species)
is only a statistical summary of the properties of those individuals. This statistical “type” is
ephemeral (change the individuals, and the “type” will change with them), while individuals
and their variations are fundamental.

Typological thinking, Mayr claimed, is incompatible with accepting gradual evolution:

Since there is no gradation between types, gradual evolution is basically a logical
impossibility for the typologist. Evolution, if it occurs at all, has to proceed in steps
or jumps. (Mayr 1959, 2)

Accepting typological metaphysics precludes accepting the possibility of gradual change be-
tween types. Because types constrain variation, only two possibilities are open to the typological
thinker: (i) the complete absence of evolution beyond the boundaries set by the underlying types
(i.e., species fixism), or (ii) evolution by single-step changes from one type to another (saltation-
ism). Gradual evolution, understood by the typologist as the change from one type to another
by the gradual accumulation of small, within-type variants, cannot proceed beyond the limits
of type—that is, it cannot give rise to new types. For the population thinker, by contrast, no
such obstacles impede the acceptance of Darwinian evolutionary theory. Because variation is
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fundamental and unconstrained by any underlying type, natural selection can accumulate small
variations indefinitely.

For Mayr, typological thinking was not merely one path to anti-gradualism among many. It
was the path, repeated throughout the history of evolutionary theorizing:

Indeed, all saltationists have been typologists, and most typologists have been salta-
tionist of one sort or another. Genuine variation and gradual change are, of course,
incompatible with the typological viewpoint. (Mayr 1960, 364)

Opposition to gradualism has indeed played an important role in the history of evolutionary
thought. This role has been most notorious in its global forms, including both species fixists
who opposed the possibility of evolution altogether (e.g., Cuvier 1831, 1836; Lyell 1832) and
saltationists who reject the possibility of the gradual evolution of new species and higher taxa
(e.g., Goldschmidt 1982; Schindewolf 1993). We shall also see, over the course of this paper,
that localized forms of anti-gradualism have been and still are important for explaining the deep
conservation of some (but not all—hence locality) features of organisms.

However, Mayr’s attempt to explain this history of anti-gradualism in terms of a single,
sweeping mode of thought—“typological thinking”—was a failure, for two reasons. First, ty-
pological thinking, as Mayr characterized it, fails to capture the commitments of nearly all
important anti-gradualists—in the end, perhaps the only major figure who answers to Mayr’s
characterization of typology is Louis Agassiz (Winsor 2006). Second, as Joeri Witteveen (2015,
2016) has shown, Mayr formed his conception of typological thinking by conflating two differ-
ent distinctions (owing to George Gaylord Simpson and Theodosius Dobzhansky, respectively),
a conflation that preserved the usefulness of neither of his sources. Given these problems, Mayr’s
notion of typological thinking should be abandoned as an analytic category used to make sense
of evo-devo (or any other research program).

However, even if Mayr failed in his attempt to explain all opposition to gradualism in one
fell swoop, his basic project of searching for common themes underwriting anti-gradualism
in its myriad incarnations is worthwhile. Valuable work has been done in this area by Elliott
Sober (1980), who showed that at least one important source of anti-gradualism, which I call
natural state thinking, can be made philosophically precise. We will see below that natural state
thinking does not account for the role that localized anti-gradualism plays in evo-devo, but
before the underpinnings of contemporary anti-gradualism can be disentangled, I must show
that anti-gradualism plays an important role in contemporary evo-devo. To that task, I now
turn.

3 Explaining Deep Conservation

Evo-devo has two features that make it tempting to analyze it as a typological research pro-
gram, as numerous philosophers have done (Amundson 1998; Brigandt 2007; Lewens 2009;
Love 2009). The first is evo-devo’s emphasis on the deep conservation: of animal body plans
(Raff 1996; Davidson and Erwin 2006), of developmental stages (Levin et al. 2016), and of a
core “genetic toolkit” deployed in animal development (Carroll 2008). The second is evo-devo’s
invocation of these conserved features in causal explanations of evolutionary change (e.g., Al-
berch and Gale 1985).

Regarding the first feature, deep conservation, evo-devo takes as one of its central explananda
the fact that animal body plans are both limited in number and deeply conserved (Hall 1999,
98; Amundson 2005, 235). There are about thirty basic plans of construction to which all ani-
mals can be referred (Raff 1996), and most of these body plans have been conserved since the
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Cambrian radiation, over 500 million years ago (Valentine 2004; Erwin and Valentine 2013).
To put the point a bit differently: if one imagines the space of all possible animal forms, or mor-
phospace, then the occupation of morphospace by actual animals is clumpy, and these clumps
have remained stable for hundreds of millions of years.

Evolutionarily conserved features are, by definition, features that have not changed over
long periods of evolutionary time. To explain deep conservation is thus to explain why certain
features of organisms have, in numerous different lineages across long periods of time, failed to
change. This explanatory task is therefore, in a certain sense, inherently anti-gradualist. Failure
to change is ipso facto failure to change gradually, and thus evo-devo must explain why these fea-
tures of animals have failed to evolve gradually, even as other features of animals have changed.
This localized anti-gradualist element that necessarily accompanies an emphasis on deep conser-
vation provides one reason why it can be attractive to analyze evo-devo as a typological research
program.

The second apparently “typological” feature of evo-devo is closely related to the first. Be-
cause these features of animals are deeply conserved, and so are present in numerous different
lineages, it is possible to invoke them as causal influences on evolution in otherwise independent
lineages. This will be discussed further below (§7); here, I simply give a quick example. In a clas-
sic work of early evo-devo, Pere Alberch and Emily Gale (1985) attempted to explain patterns
of digit loss in frogs. Several frog lineages have independently evolved digit loss phenotypes.
Interestingly, despite these losses being independent evolutionary events, each lineage has lost
digits (or parts of digits) in the same order. Thus, for instance, frog lineages that experience
loss from a single digit always experience loss from the first toe, while lineages that experience
loss from two digits always experience loss from the first and fifth toes (Alberch and Gale 1985,
10–11). Alberch and Gale explain this in terms of conserved features of frog limb development,
which they argue constrain the types of digit loss phenotypes that can be generated (and thus
are available to selection). Alberch and Gale treat their model of the generalized frog foot as
more than a mere statistical summary: they use it to develop causal explanations of evolutionary
change. This treatment of developmental types as causal factors in evolutionary processes also
makes it attractive to analyze evo-devo as a typological research program.

The task, then—given the problems with “typological thinking” as an analytic category—is
to determine the real conceptual foundation of these aspects of evo-devo. That is the aim of
the remainder of this paper. To get started on this task, let us consider an example of how
deep conservation is explained in evo-devo. Eric Davidson (a developmental geneticist) and
Douglas Erwin (a paleontologist) have offered an explanation of the deep conservation of animal
body plans in terms of the genetic underpinnings of development (Davidson and Erwin 2006;
Erwin 2015; Peter and Davidson 2015, chap. 7). Anti-gradualism plays a crucial role in this
explanation. In subsequent sections (§§4–6), I will draw out the underlying pattern of thought
involved in this explanation, but for now I simply wish to present it with as little philosophical
baggage as possible.

According to gene regulatory network (GRN) theory, the orderly progress of animal devel-
opment (from a single cell to a fully differentiated organism) depends on the action of hierarchi-
cally structured GRNs, which consist of genes whose protein products regulate the expression
of other genes (including genes whose protein products regulate the expression of other genes—
thus the hierarchical structure). These networks precisely control the spatiotemporal expression
of genes in the developing organism, allowing the embryo to differentiate. This process involves
different types of developmental tasks, and one of the important results of GRN theory is that
similar tasks tend to be accomplished by the activity of similar structured GRN subcircuits (Pe-
ter and Davidson 2015, chap. 6). For instance, in order to develop a body part, an embryo must
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(a) specify the domain in which the part will develop, (b) determine the morphological structure
of the part, and (c) actually build the part. Different GRN subcircuits underlie each task (Peter
and Davidson 2011).

Davidson and Erwin’s explanation of deep conservation concerns the first of these tasks:
domain-specification. They argue that deep conservation of body plan features depends on the
deep conservation of GRN subcircuits, called “kernels”, essential for domain-specification. If
this is correct, then the task of explaining body plan conservation becomes the task of explaining
kernel conservation. Davidson and Erwin (2006, 796) point to four key features of kernels that
explain their deep conservation:

1. Kernels “execute the developmental patterning functions required to specify the spatial
domain of an embryo in which a given body part will form.” Accordingly, they are high
in the GRN hierarchy, i.e., the network downstream of a kernel is much larger than the
network upstream.

2. They are dedicated to serving that function alone; they are not reused elsewhere in devel-
opment.

3. They are recursively wired (i.e., they involve a great deal of positive feedback), with the re-
sult that “the products of multiple regulatory genes of the kernel are required for function
of each of the participating cis-regulatory modules of the kernel.”

4. Because of this recursive wiring, “interference with the expression of any one kernel gene
will destroy kernel function altogether,” resulting in the complete failure to develop the
body part in question.

Together, these four properties of kernels explain why kernels are deeply conserved. Davidson
and Erwin (2006) offer two examples of kernels: one for endomesoderm specification in echin-
oderms, and one for heart-field specification conserved between Drosophila and vertebrates (see
Peter and Davidson 2015, chap. 7 for further examples). Both of these kernels originated when
Bilateria first diversified (>500 million years ago) and have been conserved since. What explains
this? Davidson and Erwin (2006, 799) write:

We think that change in [kernels] is prohibited on pain of developmental catastro-
phe, both because of their internal recursive wiring and because of their roles high
in the developmental hierarchy.

Because kernels are recursively wired, each gene in the kernel is essential to its function. Elimi-
nating any one gene disrupts the functioning of the entire kernel. Because kernels are high in the
developmental GRN hierarchy, such disruption has substantial downstream consequences, i.e.,
kernels are highly generatively entrenched (Schank and Wimsatt 1986; Wimsatt 2015). Dis-
rupting the heart progenitor field specification kernel, for instance, prevents the development
of a heart. Thus, any change to the linkage in a kernel is likely to have catastrophic phenotypic
effects.1 This generates strong selection against mutations that cause such changes—heartless

1In fact, there are some differences between the heart-field specification kernel inDrosophila and mouse (David-
son and Erwin 2006). These changes are the exceptions that prove the rule. Each of the changes is of the same
type: what is a direct linkage between two genes in one species is an indirect linkage in the other. For instance, in
mouse, Gata4 activates Nkx2.5 directly, whereas inDrosophila Pnr (Gata4 homolog) activates Mid, which activates
Tin (Nkx2.5 homolog). The regulatory result is the same: gene A activates gene B. The only difference concerns
the exact route by which this result is achieved.
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animals don’t leave many offspring. That leads to the deep conservation of kernels, and thus to
the deep conservation of those body plan elements that depend on them.

Three features of this explanation deserve mention, as they will play a large role in what
follows. First, it is not an explanation of the origin of GRN kernels. It is an explanation of the
conservation of GRN kernels that have already originated. Davidson and Erwin have little to
say about the initial formation of kernels, and wisely so, since the processes by which kernels
formed lie in the deep past and are epistemically inaccessible with current research methods.
They simply assume that kernels are produced by gradual, Darwinian evolution of a mundane
sort (Davidson and Erwin 2006, 799). As such, their explanation is explicitly not saltationist
(Erwin and Davidson 2006; contra Coyne 2006).

Second, a crucial premise of their argument is anti-gradualist, albeit in a local and not a
global sense. They claim that there is no possibility of gradual phenotypic evolution through the
modification of GRN kernels, because no changes to kernel topology produce small phenotypic
effects. GRN kernels can thus either evolve by saltation or not at all. Since the large phenotypic
changes that result when kernel topology is modified are generally lethal, the result is that GRN
kernels, once formed, do not subsequently change. This is not a rejection of gradual evolution
altogether—as we have just seen, they allow for the gradual origin of kernels, as well as the
gradual evolution of other portions of the GRN hierarchy. It is merely an argument that a
particular type of GRN subcircuit cannot evolve gradually once formed. It is thus a form of
local, rather than global, anti-gradualism.

Third, the anti-gradualism involved in their explanation of deep conservation is not absolute.
GRNkernels represent one extreme in a graded hierarchy of variability and conservation. David-
son and Erwin (2006, fig. 3) suggest a general picture according to which different levels of the
GRN hierarchy tend to correspond (roughly) to features conserved at different levels of the Lin-
nean hierarchy: kernels underlie characters conserved at or above the phylum level, while differ-
ences at the periphery of the network tend to underlie differences between species. Intermediate
portions of the GRN hierarchy are conserved at intermediate levels (this picture is further devel-
oped in Peter and Davidson 2011, 2015; cf. Wagner 2014). Thus, while anti-gradualism plays
a crucial role in explaining deep conservation, it is part of a broader explanatory strategy for
explaining why some parts of the genome evolve more readily than others.

4 Two Paths to Anti-Gradualism

Given that contemporary evo-devo explains deep conservation through a localized form of anti-
gradualism, and that it invokes these deeply conserved features in causal explanations of evo-
lutionary change, we may ask whether this anti-gradualism is sui generis or whether it rests on
any broader patterns of thought. Here, I distinguish two bases of anti-gradualism: natural state
thinking and Cuvierian functionalism. This analysis is meant to replace Mayr’s sweeping unifi-
cation of all forms of anti-gradualism with a piecemeal approach that nonetheless allows us to
recognize shared patterns of thought in temporally separated biologists. I stress that the two
patterns I discuss are not exhaustive: neither, for instance, fits the arch-saltationists Richard
Goldschmidt and Otto Schindewolf. I select them because they are useful for understanding
contemporary evo-devo: what it is, what it is not, and how it fits together with mainstream
evolutionary theorizing.
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4.1 Natural state thinking

Elliott Sober, in an attempt to make Mayr’s diatribes against “typological thinking” and “essen-
tialism” philosophically precise, identified a type of model that he called a natural state model.
On such a model, one distinguishes “between the natural state of a kind of object” and those
non-natural states “produced by subjecting the object to an interfering force” (Sober 1980, 360).
Evolutionary versions of natural state models treat species as having natural states around which
individuals vary. Imposing selection on a population of such individuals can draw the popula-
tion away from its natural state, but, once the selection is removed, the population will revert to
the natural state. Moreover, there is only so far that selection can modify the population away
from its natural state: variation is constrained.

In the nineteenth century, two important phenomena appeared to support relying on nat-
ural state thinking to understand how species could and could not change (cf. Lyell 1832, vol. 2,
chaps. 1–4). First, it was well-known that one could rapidly produce large changes in domesti-
cated species, but that such efforts could only proceed so far before hitting limits. Second, it was
equally well-known that, as soon as such selection was relaxed, domesticated species showed a
marked tendency to revert to their wild forms. Together, these phenomena suggested that ar-
tificial selection was best understood as an interfering force that could modify species only to a
limited extent.

Natural state thinking played an important role in early opposition toDarwin, as exemplified
by Fleeming Jenkin’s (1867) review of Darwin’s Origin. While Jenkin raised a diverse set of
objections to Darwin’s theory, Jenkin’s argument that natural selection could not produce new
species by accumulating small variations rested on his endorsement of a natural state model.

Jenkin argued that natural selection cannot accumulate small variations indefinitely because,
as the experience of breeders shows, such accumulation soon hits limits beyond which it cannot
proceed further. While great variability may exist at first, the rate at which new variants in
a given direction arise “is a constantly diminishing rate, tending therefore to a limit” ( Jenkin
1867, 281). Thus it appeared to Jenkin that there exist empirically determinable limits to the
variability of species, and that these limits never exceed species boundaries. Species, Jenkin
(1867, 282) argued, are contained “within a sphere of variation,” with the average individual at
the center. Individuals could vary in any direction, but weremore likely to vary toward the center
of the sphere. Artificial selection could push a population toward the edge of the sphere, but no
further, and as soon as selection was relaxed, the population would start moving back toward
the center. Importantly, this reversion was explained, not by the re-imposition of selection
pressures in a direction contrary to the artificial selection regime, but in terms of the inherent
variational properties of the species: variation predominantly trended toward the natural state.
Species thus appeared to have an inherent tendency to stability, a tendency that the gradual
accumulation of small variants could not overcome. Speciation, if it occurred at all, must occur
by saltation. Jenkin (1867, 294) in fact allowed for such saltational evolution as a possibility,
though he correctly noted that this “does not express the Darwinian theory.”

I’ve described this example at some length in order to make apparent just how distinct it
is from the explanation of deep conservation considered in the previous section. Natural state
models have three key features that are not shared by explanations of deep conservation in terms
of GRN kernels. First, natural state models are models of how variants can arise: variations
can only depart so far from, and show a tendency to return to the natural state (Sober 1980,
350). GRN kernels do not restrict variation in this way, and thus GRN kernels should not
be understood as natural states. Genetic variants can arise anywhere in a GRN kernel, in any
direction, and show no internally driven tendency to revert back to the conserved state. Nothing
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in the nature of mutation itself favors the “natural” state, which is therefore not best conceived
as a natural state at all.

Second, a natural state model predicts that modifications to the natural state can persist
only so long as the interfering force is present: remove the interfering force and there will be
a return to the natural state. On Sober’s (1984) preferred interpretation of population genetics
as a theory of forces, a mutation that disrupts a GRN kernel might at first glance be treated
as an interfering force that pushes a population away from fixation for that kernel. However,
in the absence of further forces (new mutations, migrations, drift, selection), the population
will remain in Hardy-Weinberg equilibrium with that mutation present (Sober 1980, 380–81):
there will be no reversion to the “natural” state. The persistence of GRN kernels requires the
operation of strong selection that counteracts the effects of mutation. That a selective force is
required to explain the persistence of the GRN kernel again shows that the kernel should not
be understood as a natural state.

Third, natural state models, as a form of essentialism, specify features that any individual
organism must have to count as a member of a species or higher group—groups must be able to
be given what Sober calls “constituent definitions” (Sober 1980, 355). GRN kernels, however,
cannot serve as properties mentioned in constituent definitions. While it may be true that all
adult sea urchins possess the endomesoderm kernel, a sea urchin that lacks a gene in that kernel
is nonetheless still a sea urchin (because its parents are sea urchins). It is just a sea urchin
that cannot survive for very long. Moreover, while this non-viability prevents the accumulation
of mutations affecting the kernel, there are no limits on how much a GRN kernel could vary
while still belonging to an individual of the same species. In principle, the network topology
of the endomesoderm kernel in sea urchins could change, linkage by linkage, until none of the
original linkages remain, and yet the resulting population would still be a population of sea
urchins. Kernels are not essences.

If, therefore, we are to find a general pattern of thought underlying this particular explana-
tion of deep conservation, we must look elsewhere than natural state thinking. This in no way
undermines Sober’s analysis of the role of natural state models in underwriting anti-gradualism.
It just shows that Mayr’s hope to find a single basis for all opposition to gradualism cannot
succeed. There are multiple paths to anti-gradualism.

4.2 Cuvierian functionalism

The work of the nineteenth century comparative anatomist Georges Cuvier illustrates a second
path to anti-gradualism. Though Cuvier’s explicit arguments against Lamarck consisted pri-
marily of empirical evidence against the occurrence of transmutation (Rudwick 1997, 226–32)
or else criticized Lamarck’s theory for being overly speculative (Cuvier 1836), Cuvier’s work
furnishes a theoretical rationale for thinking that transmutation is not only does not occur but
cannot occur. In reconstructing Cuvier’s view, I draw both on Cuvier’s own writings (Cuvier
1831, 1836; Rudwick 1997), as well as on secondary interpretations (Coleman 1964; Burkhardt
1977; Russell 1982; Outram 1986; Appel 1987). Coleman’s account is especially interesting,
since he explicitly argues that Cuvier was “the high priest of typology” and that this underwrote
his opposition to transmutation (Coleman 1964, 98), and yet his own excavation of Cuvier’s
reasoning reveals a quite different basis for Cuvier’s arguments.

At the heart of Cuvier’s thought was the principle of the “conditions of existence.” This
principle began from the truism that viable organisms must be constructed in such a way that
they can survive in the environment(s) in which they are found. Cuvier wrote: “Every organized
being forms a whole, a unique and closed system, in which all the parts correspond mutually,
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and contribute to the same definitive action by a reciprocal reaction” (Rudwick 1997, 217). This
principle played a central role in Cuvier’s comparative anatomical work: it was on this basis that
he claimed that, from a single part, “up to a certain point one can infer the ensemble” (Rudwick
1997, 50), that is, the entire organism.

For Cuvier, this notion had both an internal and an external face: an organism must be
integrated both “with regard to itself ” and with regard “to its surrounding relations” (Cuvier
1831, 4; cf. Coleman 1964, 68; Burkhardt 1977, 194; Appel 1987, 46). Internally, the parts of
an organism must be functionally integrated: they must work together to form a coherent whole.
Externally, the particular form this functional integration takes must be suited to a particular
environment.

Russell (1982, 34) has argued that the internal face is the more important of the two in Cu-
vier’s thought, and that “the idea of the external conditions of existence, the environment, enters
very little into this thought” (cf. Outram 1986, 348, who notes that Cuvier’s teleology concerned
“the inner economy of the organism”). While the claim that the environment played little role
in Cuvier’s thought is too strong, there is an important sense in which Cuvier stressed internal
functional integration. The reason for this can be seen if we think about Cuvier’s application
of the principle of conditions of existence to classification: each taxonomic grouping was char-
acterized by a particular, functionally determined plan of integration. Since taxonomic groups
form a nested hierarchy, Cuvier could distinguish between “general conditions” (e.g., carnivory)
and “particular conditions” (e.g., the features of specific prey items), which determined features
shared at different ranks of the hierarchy (Rudwick 1997, 217).

Where particular conditions concern the specific environment of a given species, general con-
ditions concern a larger range of environments, which can only be characterized abstractly.2 As
one moves up the taxonomic hierarchy, the connection between conditions of existence and par-
ticular environments gets weaker and weaker. Thus, for instance, Cuvier believed there existed a
basic vertebrate plan of integration, determined by functional requirements, that all vertebrates
shared, and that separated them from, e.g., mollusks, which were built on a different plan of
integration (Appel 1987, 45; cf. Cuvier 1831, 6). However, there is no particular environment
common to all vertebrates. From 1812 on, Cuvier based the division of animals into separate
embranchements on the organization of their nervous system, which was involved with functions
concerning perception, voluntary movement, and sensibility (Outram 1986, 324–27)—that is,
relations to the environment in general, but not any particular environment (see Cuvier 1831,
11–13 for examples of environment-independent explanations of functional integration). At
the opposite extreme, Cuvier argued that the variability within species was largely limited to
“superficial” traits—those most closely tied to particular environmental conditions, such as the
color and thickness of hair (Rudwick 1997, 226).

Thus, it was the emphasis on internal functional integration that lay at the root of Cuvier’s
important notions of the correlation and subordination of parts (Coleman 1964, 67). I shall
therefore follow Russell (1982, 238–40) in treating emphasis on functional integration within
the organism as the core of specifically Cuvierian functionalism, in contrast to Darwinian func-
tionalism, which stresses adaptation to particular environments (more on this below, §6). Note
that I am not claiming that these two forms of functionalism are incompatible, nor that either
Cuvier and Darwin stressed one to the complete exclusion of the other. For now, I am merely
claiming that they are importantly different.

2Outram (1986, 359–60) argues that Cuvier’s notion of conditions of existence played a much larger practical
role regarding higher groups than concerning lower groups; that is, it wasmost important precisely where “particular
conditions” were least important.
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Cuvier’s functionalism underwrote his arguments in favor of the view that every taxonomic
group was a sharply defined, morphologically stable unit that was not susceptible to transmuta-
tion (Coleman 1964, 99; Appel 1987, 4, 41). In particular, he thought that this necessity for
functional integration limited the range of viable variation. Central organs (e.g., the heart and
nervous system) could not vary as much as less essential features (e.g., hair and color), as varia-
tions to these organs were more likely to upset the overall integration of the organism (Coleman
1964, 143). Furthermore, modification in any one part necessitated modifications in many oth-
ers, again to preserve functional integration: “None of [an organized being’s] parts can change
without the others changing too” (Rudwick 1997, 217; cf. quotations in Outram 1986, 334,
357; Appel 1987, 51). Boundaries between taxonomic groups were sharply defined because
intermediate forms, should they ever arise, would not be viable (Coleman 1964, 90; Burkhardt
1977, 193). Cuvier was explicit that functional considerations limits the range of possible forms:
“Therefore there are only a certain number of possible combinations among the modifications
which can be experienced by the principle organs, and beneath them there are only a certain
number of possible subordinate combinations” (quoted in Outram 1986, 334; cf. Appel 1987,
45). The non-viability of intermediates equally rules out the possibility of gradual transforma-
tion, which would require proceeding through such intermediate stages.

The line of reasoning summarized above can be condensed into a three-step argument
against the possibility of gradual evolution. First, organisms must be functionally integrated
in order to survive (principle of the conditions of existence). Second, this need for functional
integration renders intermediate forms non-viable, in virtue of lacking the requisite integration.
Third, the non-viability of intermediate forms precludes the possibility of gradual transforma-
tion, since gradual transformation by definitionmust proceed through intermediate forms. Note
that no metaphysical commitment to the underlying reality of types is presupposed here. It is
not the invariability of types (i.e., group characters) that explains the impossibility of transmuta-
tion. Rather, the invariability of types and the impossibility of transmutation receive a common
explanation in terms of the non-viability of intermediates.

It is also worth noting that this Cuvierian functionalist argument against the possibility of
transmutation does not rest on beliefs about the nature of variation, in contrast to natural state
thinking. Cuvierian functionalism says nothing about what variants can arise; it only concerns
those variants that can survive. It rests entirely on the non-viability of intermediates. It is
because the intermediates are non-viable, rather than because they cannot arise, that Cuvierian
functionalism precludes gradual evolution.

Cuvierian functionalism therefore offers a path to anti-gradualism that departs quite radi-
cally from Mayr’s account of typological thinking, despite Coleman’s (1964, 98) diagnosis of
Cuvier as “the high priest of typology.” Mayr’s notion of typological thinking implied a close
connection between anti-gradualism and the way in which one understands variation. This con-
nection ismaintained in Sober’s account of natural state thinking, but is lost inmy reconstruction
of Cuvierian functionalism.3

We can therefore see that Cuvier’s three-step argument against transmutation, based on his
functionalist commitments, provides a second path to anti-gradualism, distinct from the path

3Note that I am not claiming that Cuvierian functionalism and natural state thinking are incompatible, merely
that Cuverian functionalist explanations do not require accepting a natural state model. The compatibility of the
two is exemplified historically by St. George Mivart’s On the Genesis of Species. In that work, he both reiterated
Jenkin’s arguments based on natural state thinking (Mivart 1871, 118) and challenged the ability of Darwin’s theory
to account for “the infinitesimal commencement of structures” on Cuvierian functionalist grounds (Mivart 1871,
23, 52).
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relying on natural state thinking. In the next section, we will see that it plays an important role
in explanations of deep conservation that have emerged from evo-devo.

5 Cuvierian Functionalism in Evo-Devo

The explanation of deep conservation presented above (§3) repeats Cuvier’s three-step argument
point-for-point, albeit in a quite different argumentative context. In particular, where Cuvier
applied his functionalist argument globally, considering the functional integration of the entire
organism, Davidson and Erwin apply the argument in locally restricted settings: they apply it
to particular GRN subcircuits. In their discussion of these subcircuits, they recapitulate each of
the three steps of Cuvier’s argument.

Davidson and Erwin’s argument begins by noting the high degree of functional integration
of GRN kernels. Kernels are integrated in two ways. First, they are recursively wired, meaning
that they are characterized by extensive positive feedback. This allows them to play a crucial
developmental role: they can convert transient inputs into a stably maintained regulatory state
(Wagner 2014, chap. 3; Peter and Davidson 2015, chap. 6). Moreover, because of this recursive
wiring, the expression of each gene in the kernel requires the proper functioning of multiple
other genes in the kernel, meaning that the loss of a single gene can destroy kernel function
entirely (Davidson and Erwin 2006).

Second, kernels are integrated into the total developmental process of the organism, i.e.,
they are highly generatively entrenched (Wimsatt 2015). Numerous developmental events are
downstream of the development of endomesoderm in echinoderms. Disrupting the endomeso-
derm kernel leads to the failure to develop endomesoderm, which in turns leads to the failure of
these downstream processes. The result is a dead embryo: Mutations that disrupt the endome-
soderm kernel are lethal. This leads into the second step of the argument: Intermediate forms,
i.e., those that involve small changes to kernel topology, are non-viable. And this explains why
kernel topologies are deeply conserved—why, once they’re in place, they simply fail to evolve
(step three: anti-gradualism).

Note that both of these sorts of functional integration are inward-looking. The strong se-
lection pressures that work to conserve kernel function are not imposed by particular features
of the environment in which echinoderms find themselves, but by features of the organism that
lead to kernel disruptions being invariably lethal in all naturally occurring environments. Thus,
the inward-looking functional integration of GRN kernels leads to the impossibility (or at least
extreme unlikeliness) of their evolving gradually.

A word is required about what it means for kernels to evolve gradually. Gradual change is
most readily understood at the phenotypic level, where it implies that large phenotypic changes
are produced by the continuous accumulation of smaller such changes. As all genetic changes
are discontinuous, the notion of gradual evolution is effectively meaningless at the genetic level.
Though changes to GRN structure are technically phenotypic changes, as they are the conse-
quences of (rather than identical to) changes in DNA sequence, the best available models of
GRN structure are nonetheless discrete. Either a gene actives/represses another, or it does not,
and so a linkage is either present in a GRN, or it is absent (Peter and Davidson 2015, chap. 1).
In this regard, GRN evolution, like genome evolution, is discontinuous, and the idea of grad-
ual evolution does not straightforwardly apply. Provisionally, however, we might understand
gradualism at the GRN level as involving the change of a single regulatory linkage at a time, in
contrast to large-scale rewiring in a single step.

Understanding GRN-level gradualism in this way, we can expand on the sense in which
Davidson and Erwin argue for the non-viability of intermediates as applied to kernels. The
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recursive wiring of kernels makes it difficult for them to evolve gradually, i.e., one linkage at a
time, once they are established. Any one change would require compensatory changes to pre-
serve the kernel’s function. This is a GRN-level analog of Cuvier’s view that single parts cannot
change independently: change to any one part requires multiple coordinated changes. Since no
mechanism is known that could simultaneous produce coordinated changes to multiple linkages,
saltatory evolution of kernels is off the table. The only remaining option is non-evolution: once
formed, kernels cease evolving.

As my aim in this paper is ultimately to show the important role that Cuvierian functional-
ism plays in evo-devo, I have focused on developmental genetic explanations of deep conserva-
tion. Now that the Cuvierian functionalist argument pattern is on the table, however, we can
recognize that it is in fact applied rather widely. In particular, Wimsatt’s (1986, 2013, 2015;
Schank and Wimsatt 1986) notion of generative entrenchment captures a form of Cuvierian
functionalist reasoning, and his work over the past three decades has shown its wide applica-
bility. Generative entrenchment emphasizes diachronic dependencies within a “developmental
trajectory” (Wimsatt 2015, 366): traits are generatively entrenched “to the degree that they have
a number of later developing traits depending on them” (Wimsatt 1986, 198). The more down-
stream traits that depend on a given developmental event, the more likely it is that changes to
that event will cause “cascading disruptions in development” (Wimsatt 2013, 25). Models of
generative entrenchment thus provide one way of locally applying Cuvierian functionalist rea-
soning: they show that gradual evolution is difficult in highly entrenched parts of an organism,
and thus explain why evolutionary change is displaced onto other parts of the organism.

However, the full scope of Cuvierian functionalist reasoning in biology remains to be deter-
mined. Cuvierian functionalism includes not only diachronic dependencies but also synchronic
dependencies, which have been less thoroughly explored philosophically (but see Wouters 2005,
2007; Reiss 2009). For example, the recursive wiring of a GRN kernel is a case of such syn-
chronic dependency of the parts (kernels are also generatively entrenched, as we have seen).
Wagner’s and Schwenk’s (2000; Schwenk and Wagner 2001) work on evolutionary stable con-
figurations furnishes another example of the importance of synchronic dependencies. Determin-
ing the prevalence of Cuvierian functionalist reasoning within the biological sciences remains a
task for future work.

6 Cuvierian Functionalism and Darwinian Functionalism

Earlier (§4.2), I suggested that Cuvierian functionalism differs from Darwinian functionalism
by focusing on internal functional integration of the organism, in contrast to Darwin’s emphasis
on the adaptation of organisms to particular environments. In this section, I expand this point
into a fuller characterization of their differences, and use this as an opportunity to consider why
it is that evo-devo is not and cannot be a purely Darwinian research program.

Darwinian functionalism and Cuvierian functionalism differ in four primary ways: their
treatment of variation, whether they are inward-looking or outward-looking, their relationship
to taxonomic levels, and their primary explanatory targets. I take up each in turn, under the
headings Variation, Environment, Rank, and Explanandum.

Variation. Darwinian functionalism emphasizes the gradual accumulation of small varia-
tions under the influence of natural selection. In the context of the genotype-phenotype dis-
tinction, we can specify that “small” here refers to the size of the phenotypic effect of genetic
mutations, not on the nature of the mutations themselves, considered as changes in DNA se-
quence, as it has long been recognized that the genetic “size” of a mutation is not closely cor-
related to its phenotypic size (Wright 1963). For Darwin, variation was widespread in nature,
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furnishing resources for selection to gradually sculpt parts of organisms to better serve particular
functions. Darwin’s (1859, chap. 6) classic thought experiment about the evolution of the eye
from a simple, light-sensitive nerve is a paradigm case of this.

As noted above (§4.2), Cuvierian functionalism is not primarily a claim about the nature
of variation. In the context of GRN kernels, for instance, Cuvierian functionalist reasoning
does not involve claiming that they vary in ways different from other features of the organism.
Rather, it is assumed that the regions of the genome on which kernel topology is based are just as
susceptible to mutation as any other region of the genome. However, Cuvierian functionalism
does differ from Darwinian functionalism in its treatment of variation in this respect: because
variants are non-viable, there are no prospects for accumulation. Thus, the creative aspect of
natural selection, so crucial toDarwinian functionalism (Godfrey-Smith 2009, 49–51), is absent
from Cuvierian functionalism.

Environment. Darwinian functionalism is outward-looking. Selection pressures are gen-
erated by relations between organisms and their environment. What is beneficial in one en-
vironment may be harmful (or neutral) in another environment, as exemplified by the non-
functionality of the eyes of many cave-dwelling species, which occupy dark environments in
which light-sensitive organs are useless. As environments change, the selection pressures that
affect the evolution of a population also change. Cuvierian functionalism, by contrast, is inward-
looking. Selection pressures are generated by the internal functional integration of the organism
and thus are relatively environment-independent.

Recognizing this allows us to better understand the relationship between Darwinian func-
tionalism and Cuvierian functionalism. Rather than erect a dichotomy between environment-
dependent selection pressures and environment-independent selection pressures, we should rec-
ognize the existence of a continuum of environment-sensitivity of selection pressures. Cuvierian
functionalism emphasizes selection pressures that are highly environment-insensitive, but they
need not be absolutely so. It is at least conceivable, for instance, that an ingenious scientist could
develop a laboratory environment in which a sea urchin with a non-functional endomesoderm
kernel could nonetheless survive (e.g., by injecting the right downstream gene products into
the right cells at the right times). Probably no mutation is lethal in an entirely environment-
insensitive manner. Still, the selection pressures acting on mutations that disrupt the endome-
soderm kernel are more environment-insensitive than, e.g., those that affect eye function.

The deployment of Cuvierian functionalist reasoning in evo-devo rests on a recognition of
this point. Thus, for instance, Eric Davidson’s arguments about the evolution of GRNs recog-
nizes that different kinds of GRN subcircuits show variable degrees of conservation (Davidson
and Erwin 2006; Peter and Davidson 2011). Kernels merely represent one extreme. Günter
Wagner (2014) makes a similar point in his discussion of GRNs and homology, noting that
many GRN subcircuits that share kernels’ property of being recursively wired (and so are sub-
ject to Cuvierian functionalist constraints) are less generatively entrenched than kernels. Thus
they are more evolutionarily labile than kernels, though not as labile as less tightly integrated
features.

Rank. Darwinian functionalism is population-specific. Populations, once gene flow is cut
off, experience independent evolutionary trajectories. As Ron Amundson (2005, 256) puts the
point, “once speciation occurs, no causal force can unify distinct populations.” That is, without
gene flow, distinct populations will experience mutations and selection pressures independently.
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Mutations will arise and spread (or fail to spread) through these populations independently.4
Once gene flow is cut off, populations no longer share their evolutionary fate.

Cuvierian functionalism, by contrast, transcends populations, and can be applied at all ranks
of the taxonomic hierarchy. This can be seen in Cuvier’s own work: he believed that plans of
functional integration existed at the level of his four embranchements as much as at the level of
particular species. Thus, there was for Cuvier a vertebrate plan of integration, distinct from
the molluscan plan, just as much as there was a zebra plan of integration, distinct from the
horse plan. The same holds for contemporary Cuvierian functionalists: We have just seen how
Davidson and Wagner recognize the existence of degrees of integration that coincide with de-
grees of conservation. There is integration common to Chordata and Arthropoda (the heart
kernel); there is also integration common to frogs (the generalized frog foot). Note that, if
the population-specificity of Darwinian functionalism is interpreted as forbidding reference to
any features above the species level in evolutionary explanations (Amundson 2005, chap. 11),
then there is a conflict between Darwinian and Cuvierian functionalism. This issue is discussed
below (§7).

Explanandum. Finally, Darwinian functionalism and Cuvierian functionalism differ in
their target explananda. The primary explanandum of Darwinian functionalism is evolution-
ary change (and the production of organismic diversity via evolutionary change), in particular
adaptation to shifting environments. Because selection pressures are environment-specific, as
environments change, new selection pressures are generated (stasis can thus be explained in-
sofar as environments remain constant). The emphasis on change makes sense in light of the
context in which Darwin developed his theory. At that time, heredity was understand as a force
that promoted stasis, and thus it was evolutionary change that specifically required explaining
(Gayon 1998). This understanding of heredity was abandoned by theMendelians (Gayon 1998),
but change and diversity remained the primary target of Darwinian functionalist explanations
(Dobzhansky 1982, chap. 1).

In fact, precisely the features that make Darwinian functionalism so good at explaining
change—its emphasis on the widespread availability of variation, its emphasis on environmen-
tally generated selection pressures, and its population-specificity—make it rather difficult to ex-
plain stasis within a purely Darwinian functionalist framework. This problem was raised early
in the history of evo-devo, in a classic paper titled “On the Problem of Stasis in Organismal
Evolution” (Wake, Roth, and Wake 1983). They write:

Perhaps no phenomenon is as challenging to evolutionary biologists as what has
been termed “stasis”. With natural selection operating in a changing environment
as an agent of adaptation, we expect to see changes at the organismal, ultimately
physiological and morphological, level. How, though, can we explain the paradox-
ical situation in which environments change, even dramatically, but organisms do
not? (Wake, Roth, and Wake 1983, 212, in-text citation removed)

More recently, Olivier Rieppel has made a similar point:

Stable developmental stages preserved through geologic time create a puzzle for
Darwinian evolutionary theory, based as it is on fundamental variation, natural
selection, and continuity of transformation. (Rieppel 2010, 668)

4Of course, if the two populations interact in ways other than interbreeding, e.g., via predation or competition
for resources, then they can impose new selection pressures on one another. The point, however, still holds: changes
to the genetic composition of one population cannot spread to the other population.
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The basic puzzle is simple. If small variants are produced for all parts of the organism, and
if natural selection accumulates these variants over time, and if these selection pressures are
generated by features of the particular environment in which a population finds itself, and if
divergent populations experience independent evolutionary trajectories, how can anything re-
main constant over long periods of time (during which environments change dramatically) and
in multiple distinct lineages (which occupy a large range of niches at any given time)? How can
we explain the stability of animal body plans across environments and populations in terms of
selection pressures that are relative to particular environments and populations?

As we have seen (§3), the deep conservation of animal body plans is one of the central
explanatory concerns of evo-devo. For this reason, evo-devo cannot be a purely Darwinian
functionalist research program. This is not to say that evo-devo cannot employ Darwinian
functionalist reasoning (cf. Breuker, Debat, and Klingenberg 2006). It simply means that, when
it comes to stasis, something else is required. That something else is Cuvierian functionalism,
whose central explanatory aim is stasis. Precisely because functional integration can generate
environment-insensitive selection pressures, it can explain why, once such functional integration
arises, it is preserved both within lineages as environments shift and across lineages as they come
to occupy different niches.

Thus, despite their differences, Cuvierian functionalism and Darwinian functionalism are
complementary. The history of life on earth involves both dramatic change and equally dramatic
stasis. Evolutionary theory must be able to accommodate both. Supplementing Darwinian
functionalism with Cuvierian functionalism gives it the resources to do so.

7 Cuvierian Functionalism and Exclusive PopulationThinking

At the end of the previous section, I presented a rosy picture of Darwinian functionalism and
Cuvierian functionalism working together to explain the gamut of evolutionary phenomena. I
believe this picture is largely if imperfectly realized in the current state of biological science.
However, there is an issue that threatens it. This lies in Darwinian evolutionary theory’s alleged
commitment to what Ron Amundson (2005, chap. 11) calls “exclusive population thinking.”
My aim in this section is to defuse this issue by showing that the population-specificity of
Darwinian functionalism does not require commitment to exclusive population thinking (indeed,
such commitment would rule out far more of evolutionary biology than Amundson realizes).
Once the demands of population thinking are properly understood, Cuvierian functionalism
can be shown to meet these demands. I will also briefly discuss the implications this has for
relating Cuvierian functionalism to structuralist reasoning in biology.

Throughout this paper, I’ve been making the case that understanding the role of Cuvierian
functionalism in evo-devo can replace analyses of evo-devo as typological. In that regard, it
might be thought that my analysis ipso facto eliminates any conflict between evo-devo and popu-
lation thinking. Nonetheless, Cuvierian functionalism does preserve a key feature of typological
thinking: causal explanations of evolutionary change that refer to taxonomic ranks higher than
the species. By offering a unified explanation of phylum-level conservation, Cuvierian func-
tionalist reasoning offers evolutionary explanations in terms of constraints that affect divergent
lineages undergoing independent evolutionary trajectories. This conflicts with what Amundson
calls “exclusive population thinking.”

Amundson offers two distinct characterizations of exclusive population thinking. The first
is ontological: “Once speciation occurs, no causal force can unify distinct populations” (Amund-
son 2005, 256). The point is the same as that made above (§6) about the population-specificity
of Darwinian functionalism. Interbreeding populations evolve as a unit, experiencing a particu-
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lar set of selection pressures generated by a particular environment and acting on mutations that
will spread or fail to spread throughout the entire population. Even in cases with complex pop-
ulation structure (e.g., multiple sub-populations that experience gene flow but occupy different
environments and so experience different selection pressures), mutations that arise and spread
in one sub-population can, in virtue of gene flow, spread to the other sub-populations (Pressoir
and Berthaud 2004). Their evolutionary histories are yoked together for as long as gene flow
remains.

Once gene flow is cut off, however, populations will experience distinct sets of mutations
as well as distinct selection pressures. Without gene flow, the spread of mutation to a different
population is impossible, so the evolutionary trajectories of distinct populations are split. It is
true that, if the two populations interact, the spread of a new mutation in one population (P1)
can affect the evolution of the other (P2), but only in virtue of generating a new selection pressure
that acts on P2. Even though the populations are causally interacting, they are not causally
unified in the relevant sense. On this ontological reading of exclusive population thinking, the
claim is true. Gene flow is the only evolutionary force that can unify evolutionary trajectories
in the relevant sense.

However, Amundson (2005, 238) also offers a second, epistemological characterization of
exclusive population thinking “as the position that no generalizations or concepts that refer
to higher taxonomic levels are relevant to the causal understanding of evolutionary change.”
Whereas the first characterization concerns the causal importance of gene flow in binding to-
gether populations, the second characterization concerns the structure of our evolutionary expla-
nations. Cuvierian functionalist explanations, which invoke functional constraints at all levels
of the taxonomic hierarchy, patently violate exclusive population thinking in this sense. Thus,
if there is good reason to be an exclusive population thinker in this second sense, then there’s a
problem for evo-devo.

At this point, however, we may ask two related questions: (1) Is Darwinian evolutionary
theory really committed to exclusive population thinking in its epistemological sense? and (2)
Does the epistemological version of exclusive population thinking follow from the ontological?
I will argue for a negative answer to both questions. Since it is the epistemological interpretation
that primarily concerns patterns of thinking, and since, as we will see, only the epistemological
interpretation generates exclusivity (in the sense of forbidding Cuvierian functionalist patterns
of thinking), henceforth I will use “exclusive population thinking” to refer specifically to the
epistemological interpretation.

Regarding the first question, Darwinian evolutionary theory is not committed to exclusive
population thinking. Evolutionary explanations offered outside of evo-devo routinely violate the
epistemological strictures of exclusive population thinking. This can be seen by considering how
evolutionary biologists explain ecological rules. Why, for instance, do many bird and mammal
lineages tend to be larger in cooler climates (Bergmann’s rule; Ashton, Tracy, and de Queiroz
2000; Meiri and Dayan 2003)? And why does this trend fail to occur in other lineages, such
as amphibians and insects (Adams and Church 2008; Shelomi 2012)? If explanations that
transcend single populations are forbidden, then each instance of this trend must be explained
independently. It’s reasonable to ask, however, for a more general explanation, one in terms
of shared features of the groups that experience the trend leading those groups to experience
similar selection pressures in similar environments, and thus to evolve convergently. In the
case of Bergmann’s rule, one proposed explanation invokes the need to minimize heat loss in
colder environments (Walters and Hassall 2006), though this explanation has been challenged
(Ashton, Tracy, and de Queiroz 2000).
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Even if this particular explanation is false, however, the key point is that the explanation has
an acceptable form, despite unifying distinct populations. Even though the lineages experience
these causes independently, we can nonetheless offer a unified explanation of their evolutionary
trajectory. We can do so because the same causal factor is repeated in these lineages and affects
them similarly.

We thus have an answer to our second question as well: Accepting that only gene flow can
unify the evolutionary trajectories of distinct populations does not require abandoning explana-
tions that refer to higher taxonomic ranks. Unified evolutionary explanations, in other words,
do not require unified evolutionary causes; it is enough for similar causes to affect different
populations independently. We are left, then, with no reason to endorse exclusive population
thinking, on grounds independent of any considerations regarding evo-devo specifically.

Once we see this, we can see that Cuvierian functionalist explanations refer to higher taxo-
nomic levels in a way that is justified in just the same way that explanations of ecological rules
are justified. According to Davidson and Erwin, what underlies conserved body plan elements
are conserved GRN kernels. These are conserved because changes to their structure are rarely
if ever viable. Because of this, kernels are passed down to all of the descendants of the lineage
in which they first arose, and thus are present in all populations in that lineage. Because they
generate selection pressures in an environment-insensitive way, all populations in the lineage
experience the same strong selection pressures for kernel preservation. No cause that unifies the
separated populations is required. They are undergoing separate evolutionary trajectories. It’s
just that these separate trajectories are subject to the same constraints on kernel evolution.

This dissolution of the conflict between Cuvierian functionalism and (no longer “exclusive”)
population thinking closely resembles that offered by Tim Lewens (2009) in his “exculpation”
of typological thinking. Lewens, too, offers an explanation in terms of the repetition of shared
features in shared lineages giving rise to similar constraints—in this spirit he speaks of “nominal-
ist types” (Lewens 2009, sec. 7). Importantly, however, Lewens is concerned with structuralist
constraints (those that affect the probability of certain variants arising), rather than with Cu-
vierian functionalist constraints (which affect the probability that variants will be favored by
selection) (Lewens 2009, sec. 8; cf. Amundson 1994). Earlier (§3), I discussed two reasons why
evo-devo might be thought typological: its emphasis on stasis, and its invocation of develop-
mental types to explain change. The example I gave of an explanation in terms of developmental
types (Alberch and Gale’s model of the generalized frog foot) is a structuralist explanation in
this sense.

Lewens’s position and mine are therefore compatible. My exculpation of Cuvierian func-
tionalist explanations covers one “typological” aspect of evo-devo, while Lewens’s exculpation
of developmental type explanations covers the other. However, Lewens treats these as two
separate issues. I want to end this section by arguing that there is in fact a close connection
between them. In particular, it is often precisely because Cuvierian functionalist constraints are
in operation that developmental type explanations have the force they do.

Developmental type explanations explain evolutionary trajectories in terms of how the de-
velopmental system of an organism constrains the kinds of variants that can be produced. Thus,
for instance, Alberch and Gale (1985) explain why frog lineages, if they lose any phalanges at
all, always lose phalanges from the first toe by showing that the frog limb develops in such a way
that any perturbation that leads to loss of any phalanges leads to loss of phalanges from the first
digit. This constraint rests on features of limb development shared by all frogs. These features,
however, can change, as evidenced by the fact that salamanders show a different pattern of digit
loss (Alberch and Gale 1985).
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There are thus two explanatory tasks here: (i) to explain why the frog limb has the spe-
cific variational properties it has, and (ii) to explain why the features of frog limb development
that generate those variational properties are conserved. Developmental type explanations ad-
dress only the first task. When it comes to the second task, it should be clear that there is, at
least potentially, a role to be played by Cuvierian functionalist argumentation. It may very well
be that mutations that substantially change the variational properties of some developmental
process are disruptive of functional integration and only selectively beneficial (or neutral) in rare
circumstances (see Wagner 2014, especially the discussion of “variational modalities”). As Wal-
lace Arthur (2001, 276) puts the point, “negative internal selection at one developmental stage
will appear as constraint at the next.” In my lingo: Cuvierian functionalist constraints can be
precisely what generates Lewens’s structuralist constraints.

Amundson (2005, chap. 11) concluded his discussion of exclusive population thinking by
offering a choice: to harmonize evo-devo with the rest of evolutionary theory, either (i) evo-
devo must give up its reliance on explanations that rely on generalizations above the species
level, or (ii) Darwinian evolutionary theory must give up its adherence to exclusive population
thinking. We have seen that this choice is in fact a rather easy one, since nothing in evolutionary
theory requires commitment to exclusive population thinking. Both Cuvierian functionalist
explanations and the developmental type explanations they enable are safe.

8 Universality and Diversity Revisited

In this paper, I have attempted to elucidate the role of Cuvierian functionalist arguments in
contemporary evo-devo, and to show how these arguments can be integrated into evolutionary
theorizing without falling afoul of classic objections to “typological” thinking. In doing so, I
have defended the following claims:

• There exist at least two distinct paths to anti-gradualism—Cuvierian functionalism and
natural state thinking. These paths cannot be unified under any more general heading,
such as Mayr’s notion of “typological thinking”. (§4)

• Evo-devo draws on localized applications of Cuvierian functionalist reasoning to explain
deep conservation. It does not draw on natural state thinking. (§§3–5)

• Cuvierian functionalism is distinct from, yet compatible with and complementary to, Dar-
winian functionalism. Rather than treating the distinction between them as a dichotomy,
these two forms of functionalism should be understood as extremes of a continuum. (§6)

• Cuvierian functionalist reasoning in evo-devo is compatible with population thinking,
properly understood. Interpretations of population thinking that exclude any role for
Cuvierian functionalism are indefensible. (§7)

In light of this, it is worth revisiting Raff ’s (1996, chap. 1) claim that evo-devo differs from
neo-Darwinian evolutionary theorizing in emphasizing universality rather than diversity. This
is often taken to support the view that evo-devo is a structuralist program in biology, in contrast
to the functionalism of neo-Darwinian theorizing. This view structures Amundson’s (2005)
book-length treatment of the issue, and it has been endorsed by various evo-devo biologists
(e.g., Alberch 1989; Wagner 2014). While a full treatment of the nature of structure-function
disputes is a topic for another paper, structuralists can be roughly understood as those who
see internal and/or ahistorical causal factors as the primary determinants of organismal form,
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while functionalists see external, historical causal factors (especially selection) as the primary
determinants.

There is truth to this view—evo-devo has, from its inception up to the present day, had a
strong structuralist strain (e.g., Alberch 1989; Kauffman 1993; Müller 2003; Newman 2012)—
but it’s overly simplistic. If functionalism is conceived as including only Darwinian function-
alism, with its emphasis on continuous variability and environment-driven selection pressures,
and if structuralism is understood as the only alternative to functionalism, then evo-devo’s em-
phasis on deep conservation can only seem structuralist. Alberch (1989, 25), for instance, seems
to endorse something like this inference when he argues that functionalist approaches inherently
treat nature as continuous.

But the inference is mistaken, because there’s a third option: Cuvierian functionalism. Like
Darwinian functionalism, Cuvierian functionalism (in its post-Darwinian forms) emphasizes
the role of selection in determining organic form. Like structuralism, Cuvierian functionalism
emphasizes what is universal (evolutionarily conserved) over what is diverse (evolutionarily la-
bile), and does so by focusing on the internal organization of the organism, not its relation to
any particular environment. Moreover, pace Alberch, it offers a functionalist explanation for
the discontinuous nature in which actual organisms occupy morphospace. While it’s true that
evo-devo has always had a sizable structuralist contingent, evo-devo, especially those regions
centered on developmental genetics, also has a strong Cuvierian functionalist contingent (e.g.,
Arthur 2001; Carroll 2008; Wagner 2014; Peter and Davidson 2015; Wimsatt 2015).

If we fail to recognize the role of Cuvierian functionalist reasoning in evo-devo, we will
miss out on the internal complexity of evo-devo. Treating evo-devo as a monolithically struc-
turalist research program that clashes with the functionalism of neo-Darwinian theorizing gets
things wrong on both sides. As I’ve argued here, it leads to overstating the extent to which
evo-devo conflicts with other forms of evolutionary theorizing. But it also gets evo-devo it-
self wrong, because it misses out on the structure-function disputes that arise within evo-devo.
Stuart Newman and Ramray Bhat (2008, 2), for instance, criticize Sean Carroll’s functional-
ist approach to evo-devo as “Neo-Neo-Darwinism.” Understanding such disputes is crucial to
developing a proper philosophical understanding of the conceptual foundations of evo-devo.

In order, therefore, to understand both the internal structure of evo-devo and the place of
evo-devo within the broader landscape of evolutionary theorizing, we must recognize Cuvierian
functionalism as an alternative to both structuralism and Darwinian functionalism.
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