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of the major biological discoveries of his day—the fact that extreme phenotypic
uniformity can be observed in many wild populations despite extensive genetic
variation in those same populations—by appealing to the global dynamics
of developmental systems. A genetically canalized developmental system takes
development to the same endpoint from many different genetic starting points.
The development of wild-type phenotypes can thus be buffered against genetic
variation. Waddington represented this idea with his famous ‘developmental
landscape’ (Figure 1).

The ‘developmental landscape’ is a representation of development as a system
whose parameters are genetic loci and whose state space is a set of phenotypic states.
The state space is depicted as a surface, each point of which represents a phenotype.

Figure 1 Waddington’s ‘developmental landscape’. (a) The developmental trajectory
of the organism, represented by the rolling ball, is determined by a landscape representing
the developmental dynamics of the organism. (b) The shape of this landscape is
determined by genes, represented as pegs pulling the landscape into shape via strings, and
by epistatic interactions between genes, represented by connections between the strings.
From Waddington (1957, p. 36).
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The genetic parameters are depicted as pegs that pull on the surface and thus
determine its contours. Epistatic interactions between genetic loci are represented by
links between the strings by which those loci pull on the surface. The development
of the organism is represented by the trajectory over the surface of a ball which passes
through a series of phenotypic states as it rolls ‘downhill’ from conception to death.
Waddington intended this diagram to make vivid the idea that the effect of a change
at one genetic locus depends upon the states of all the other genetic loci, since it is all
the loci together which determine the shape of the landscape. Some genetic changes,
such as those which affect the tops of inaccessible ‘hills,” will have no effect on
development. Other changes of the same intrinsic genomic magnitude which affect
the entrance of a valley or ‘canal’ will have a massive effect on development.
The phenotypic impact of a genetic change is not proportional to the magnitude
of the genomic change, but depends on the structure of the developmental system.
Furthermore, the phenotypic difference produced by a genetic difference is not
explained by that genetic difference in itself, but by how that change interacts with
the rest of the developmental system. This picture retains considerable validity in the
light of contemporary developmental genetics.

In various places, Ariew seems to identify canalization with insensitivity to the
environment: “Waddington called the process of buffering against environmental
cues ‘canalization” (Ariew, 2006, p. 10). But this is only part of what Waddington
meant by “canalization”, as, we believe, Ariew actually understands. It is clear from
Waddington’s presentation of the ‘developmental landscape’ that ‘canalization’ refers
to buffering against both genetic and environmental parameters. Indeed, in many
places Waddington’s primary concern is with buffering against genetic variation. But
if we suppose that some of the ‘pegs’ in the model are environmental factors, rather
than genetic loci, then we can indeed define separate notions of ‘environmental
canalization’ and ‘genetic canalization’. A phenotypic outcome is environmentally
canalized if those features of the surface which direct development to that
endpoint are relatively insensitive to the manipulation of the environmental
parameters. A phenotypic outcome is genetically canalized if those features of the
surface which direct development to that endpoint are relatively insensitive to the
manipulation of the genetic parameters. Ariew proposes to identity innateness
with environmental canalization. Innateness-as-canalization is a matter of degree.
A trait is more innate if the more environmental parameters its development is
buffered against and the wider the range of variation in those parameters against
which it is buffered.

2. Canalization is a Poor Conceptual Analysis of Innateness

One can interpret Ariew’s characterization of innateness as canalization in two
distinct ways. Ariew could be proposing an analysis of the concept of innateness or
he could be proposing to identify innateness with environmental canalization
because this identification provides the basis for a promising scientific research
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strategy. In this section, we focus on the first interpretation of Ariew’s project.
We argue that Ariew’s characterization of innateness is not an adequate conceptual
analysis. In the remainder of this article, we turn to the second interpretation of
Ariew’s project.

So, could Ariew’s characterization of innateness as canalization be a satisfying
conceptual analysis of the concept of innateness? An example shows the answer to be
‘no’. Consider the penile reflexes of the rat. Celia Moore has shown that the spinal
cord nuclei of male rats differ from those of female rats in ways that allow the male to
use his penis during copulation (Moore, 1984, 1992). These neural differences result
from differences in gene expression in the developing spinal cord of the rat pup,
which in turn result from differences in the amount of licking of the genital area by
the mother, which in turn results from greater expression in male pups of a chemical
that elicits maternal licking. According to Ariew’s (2006) characterization
of innateness as canalization, these experiments show that the rat’s ability to
copulate is not innate:

Distinguish between two reasons why the trait appears invariantly in an
environmental range: the first, because an environmental condition is
developmentally required yet is found everywhere the system develops; the
second, because the system develops independently of the environmental
condition. Innateness should be identified with the second sort of invariance,
not the first. (p. 10)

The rat’s ability to copulate depends on an environmental condition
(maternal licking) that is found everywhere the system develops and so, according
to Ariew, it is not innate. But intuitively the rat’s ability to copulate is innate.
It constitutes a counterexample to Ariew’s proposal, understood as a conceptual
analysis of the concept of innateness. To put the same point differently, the example
shows that environmental canalization is not a necessary and sufficient condition for
something to seem intuitively innate.

Why does this example strike us as being innate? A companion paper, written
in collaboration with Stefan Linquist, suggests an explanation (Griffiths, Machery,
& Linquist, gn—press). In this article, we used experimental methods to describe
systematically the vernacular concept of innateness. We hypothesized that when ghe
follk-decide whether a trait (a behavior, an organ, a psychological disposition, etc.)
is innate, they focus on the three following properties of this trait:

1. Fixity: the trait is hard to change; its development is insensitive to environmental
inputs in development; its development appears goal-directed, or resistant to
perturbation.

2. Typicality: the trait is part of what it is to be an organism of that kind; every
individual has it, or every individual that is not malformed, or every individual
of a certain age, sex, or other natural subcategory.

3. Teleology: this is how the organism is meant to develop; to lack the innate trait
is to be malformed; environments that disrupt the development of this trait are
themselves abnormal.
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Furthermore, we hypothesized that these three properties influence people’s decision
about the innateness of a given trait in an additive manner. That is, the typicality,
fixity, and teleology of a given trait should increase people’s likelihood of judging that
this trait is innate independently of each other.

To test this empirical hypothesis, we developed eight vignettes describing
the song of eight different bird species (see Griffiths, Machery and Linquist,
Submitted). These eight vignettes systematically varied whether the trait was
species-typical, whether its development was dependent on the environment, and
whether it had a biological purpose. For instance, one of the eight vignettes was
the following:

Birdsong is one of the most intensively studied aspects of animal behavior.
Since the 1950s scientists have used recordings and sound spectrograms to
uncover the structure and function of birdsong. Neuroscientists have investigated
in great detail the areas of the brain that allow birds to develop and produce
their songs.

Other scientists have done ecological fieldwork to study what role song plays in the
lives of different birds.

The Alder Flycatcher (Empidonax alnorum) is a migratory neo-tropical bird which
breeds in southern Canada and the northern USA. Studies on the Alder Flycatcher
show that the song an adult male produces does not depend on which songs
they hear when they are young. Studies also show that different males in this
species sing different songs. Furthermore, close observations of these birds reveal
that the males’ song attracts mates and helps to defend their territory.
Scientists therefore agree that the bird’s song has a real function, like the heart
in humans.

On a 7-point scale, 1 meaning strongly disagree and 7 meaning strongly agree, how
would you respond to the following statement?

“The song of the male Alder Flycatcher is innate.”

Subjects were each given one of these vignettes and were asked to judge on a 7-point
scale whether bird song was innate for the species described in the vignette.
Subjects’ answers were then statistically analyzed to determine whether typicality,
fixity, and teleology additively influence their judgment about innateness, as
we hypothesized.

Consistent with our hypothesis, we found that typicality and fixity significantly
predicted the folk’s judgments about innateness and that their influence on people’s
judgments was additive. In addition, teleology was a marginally significant predictor
of these judgments. We interpret our experimental findings as showing that folk
judgments about the innateness of a trait are independently influenced by at least two
properties of the trait: its typicality, its fixity, and possibly its teleology. We plan to
replicate and extend these findings in future research.

Our interpretation of these results explains why the rat’s ability to copulate strikes
us as innate and why Ariew’s characterization of innateness as canalization cannot be
an adequate conceptual analysis of the concept of innateness. Let us consider these
two points in turn. We judge the rat’s ability to copulate to be innate because it is
both species-typical and has an evolved purpose. Although the development of this
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ability depends on very specific (and unexpected on a priori grounds) environmental
stimuli, its typicality and its teleology are sufficient to tip us to judge that it is innate.
Furthermore, because intuitive judgments about the innateness of a trait are
influenced by whether a trait is typical, fixed, and teleological, any putative
conceptual analysis that identifies innateness with only one of these three properties
will fall prey of intuitive counterexamples (for a more detailed version of this
argument see Griffiths, Machery and Linquist, Submitted). For instance, consider a
proposal to analyze innateness as species-typicality. Because judgments about
innateness are influenced by typicality, fixity, and teleology, people should be
willing to judge some traits which are not typical but which are fixed and functional
to be innate. These judgments would constitute counterexamples to the proposed
conceptual analysis of innateness. Understood as a conceptual analysis, Ariew’s
characterization of innateness as canalization fails for exactly this reason. It picks out
one of the three properties—namely fixity—that influences folk judgments about
innateness. As a result, it falls prey of intuitive counterexamples that make salient
two other properties influencing folk judgments about innateness—namely typicality
and teleology.

3. Biologicising the Mind

Ariew’s most recent presentation of innateness-as-canalization states clearly that it is
not intended as an analysis of the concept of innateness, but instead is a way to
embody and recommend a particular scientific research strategy (Ariew, 2006).
The strategy is that of modeling the development of a psychological trait on the
development of some paradigmatically ‘biological’ trait such as a limb or an internal
organ. Ariew argues that the distinctive feature of the development of prototypically
biological traits is their independence of the environment, so that using ‘innate’ to
mean ‘environmentally canalized’ as he originally proposed embodies this research
strategy. He calls the strategy “biologicising the mind” and cites the linguist
Noam Chomsky and the philosopher and cognitive scientist Jerry Fodor as examples
of scientists who have used it (Ariew, 2006, p. 1). His analysis should be accepted,
he argues, not because it captures the pre-scientific meaning of ‘innate’, but because
the research strategy it embodies has been a successful one. In the same vein,
Mohammed Ali Khalidi has recently defended his own, very different, analysis
of innateness with the suggestion that it is “presumptuous for philosophers to
advocate rejecting a theoretical concept that continues to play an important role in
some area of science” (Khalidi, 2007, p. 93). Our response is that far from
facilitating the study of psychological development the innateness concept actually
obstructs it. In saying this we are not presumptuous philosophers flying in the face
of scientific success, but instead are drawing the attention of fellow philosophers
such as Ariew and Khalidi to a long and substantial tradition of scientific criticism
of the research strategy they have identified.' The analysis should be rejected
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because it embodies a research strategy that has been subjected to a powerful
scientific critique.

According to Ariew, the term ‘innate’ should be used to mean something like
‘study the development of this trait on the model of legs and livers’, with the
understanding that this means the trait develops independently of many of the details
of the environment. Ariew accepts that a full causal understanding of development
will not reveal any clear distinction between the ‘innate’ and the ‘acquired’, but
argues that it is useful to have this blunt, high-level classification to direct research.
A similar view of innateness has long been defended by the eminent student
of birdsong development {Marlers;2004):

[in comparing the calls of song sparrows and swamp sparrows] we find ourselves
confirming what Lehrman (1953) asserted 50 years ago, that in the long run
classifying behavior as ‘learned’ or ‘innate’ is not conceptually productive; however,
it is not clear whether this is worth getting upset about. The habit of labeling
behaviors in this fashion is so deep-rooted that we will probably never succeed in
eradicating it. And it does have some value in placing behaviors on a lability
continuum, with some behaviors more ‘nurture dependent, more changeable
and variable, and others more ‘nature dependent,” more stereotyped and resistant
to change. (p. 31)

It is therefore unsurprising that Ariew’s main example comes from Sober’s (1998)
discussion of innateness, which in turn derives from the work of Marler and
his collaborators. Some birds, Sober informs us, require exposure to their own,
species-specific song in order to acquire that song, others require exposure to some
song or other, but not the specific song which they will eventually sing, and yet
others will develop normal song when raised in isolation. Ariew places these
three cases along his continuum of greater or lesser degrees of environmental
canalization. He suggests that even if there is no sharp distinction between innate
and acquired, what he calls the innate/triggered/acquired distinction can play a
useful heuristic role. Traits that are independent of salient environmental
parameters to a similar degree are usefully regarded as being of the same kind for
various scientific purposes, despite the many differences of detail between them
(Ariew, 2006, p. 7).

Placing traits along such a continuum might, indeed, be heuristically useful if this
particular axis of variation in the developmental patterns of birdsong were the only
one, or was one of a few common axes of variation, or if there were some correlation
between different axes of variation. But neither of these conditions is met.
The ‘ontogenetic niche’ for birdsong is multi-dimensional and idiosyncratic.
For example, the Brown-headed Cowbird, Molothrus ater is a brood-parasite, and
so cowbirds are not raised by their own species. The species-typical song of the male
cowbird develops without experience of that song, placing at the ‘innate’ end of
Ariew’s continuum. But despite this, cowbird song is heavily influenced by
experience and cowbirds have regional dialects, the classic signature of ‘learned’
song. It is impossible to do justice here to the decades of research of Meredith West
and Andrew King and their collaborators into the ontogenetic niche that supports
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cowbird song development (e.g., West & King, 1988, this issue; West, King, White,
Gros-Louis, & Freed-Brown, 2006), but amongst other processes, males performance
is strongly influenced by feedback from female cowbirds, whose wing stroking and
gaping displays in response to the songs they prefer are strong reinforcers of male
song, and female song preferences are themselves subject to social influences.
The strategy of placing traits along a continuum of independence of the environment
founders on the fact that there is no continuum, but rather a high-dimensional space
whose axes are often specific to one or a few species. Even when the same axes can be
applied to different species, so that canalization of a character in two species can
be meaningfully compared, there is no systematic tendency for traits that are at the
‘innate’ end of one axis to be at the ‘innate’ end of the other. Instead, something that
is ‘innate’ with respect to one axis can be ‘acquired’ with respect to another.
For example, while female cowbirds have a large influence on male song the
development of song is independent of the responses of female conspecifics in the
intensively studied group of North American sparrow species which are probably
the inspiration for Ariew’s description of an ‘acquired’ song. Which of the two
species has the ‘innate’ song and which has the ‘acquired’ song depends on
whether we concentrate on the developmental role of male conspecifics or that
of female conspecifics.

Ariew’s strategy for ‘biologicising the mind’ has the same weakness as the
classical deprivation experiment (Lehrman, 1953; Tinbergen, 1963). Deprivation
experiments, in which animals are raised without any obvious source of
environmental information to guide their development, were originally interpreted
as demonstrating that traits which survive deprivation are ‘innate’. Thus, for
example, a bird might be raised without exposure to species-specific song and
nevertheless produce that song as an adult, or a rat might copulate successfully the
very first time it meets a receptive female. The problem with this interpretation, as we
see from the facts about cowbird and rat development given above, is that there is
no such thing as raising an animal without an environment, only raising it without
access to some specific aspect of the environment. The deprivation experiment is a
way to show that chosen aspects of the environment do not affect certain traits.
But it does not provide evidence for some general property of ‘independence
of the environment’ (for more on the proper use of the deprivation experiment see
Michel & Moore, 1995).

If we examine the examples that Ariew provides of the successes of ‘biologicizing
the mind’, such as Chomskyian nativism about language development, or the
development of birdsong without exposure to adult models, it is evident that what
has been shown is that some prominent environmental factor does not affect the
development of the trait. It is simply not valid to infer from this that the traits in
question have some general property of insensitivity to the environment.
Developmental fixity, environmental canalization and their relatives are not general
properties of traits, so that insensitivity to one variable implies insensitivity to others.
Instead, they are the result of specific feedback mechanisms that buffer the
development of the trait against specific sources of variation. One of the lessons of
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50 years of developmental psychobiology is that detailed research on the development
of a trait almost always reveals that it depends on critical parameter values in the
developmental niche.” Developmental stability is achieved, not by making
development insensitive to that parameter, but by stabilizing the parameter at the
right value. In many species, this stabilization takes the form of parental care.
We have already described one role of parental care in the sexual development of the
male rat. One of the most spectacular achievements of developmental science in
recent years has been Michael Meaney and collaborators’ detailed account of the role
of parental care in the development of temperament in rats. The BALBc strain
of laboratory rat is “highly fearful, and maze dull...these animals show increased
endocrine and behavioral responses to stress, they are hyperactive and show
profound learning and memory deficits that are associated with, among things,
impaired hippocampal development” (Meaney, 2001, 57). Cross-fostering BALBc
pups to mothers of the more laid-back C57 strain removes the differences between
the two strains. Meaney and collaborators have shown in extraordinary detail how
the amount of licking and arched-back nursing which pups receive from the
mother regulates gene expression so as to direct the development of the pup’s
brain (Meaney, 2001). In wild rats, these behaviors, which are heavily influenced
by the mother’s stress levels, may convey important information to the pup
about the quality of its environment, and ‘preset’ stress metabolism to match
that environment.

Meaney and collaborators’ work reinforces another lesson of developmental
psychobiology, which is the relevant aspects of the ontogenetic niche that are
‘non-obvious’. We might guess that the rat pup will respond to indicators of
environmental quality, and we might guess that the mother’s behavior is a useful
source of information on this topic, but we would surely not guess that the
information resides in whether the mother arches her back during suckling.
The concept of innateness is an anti-heuristic which encourages researchers to check
the obvious sources of environmental input, and then to stop looking. This flies
in the face of everything we have learnt from 50 years of developmental
psychobiology including, importantly, the past few years in which those lessons
have been extended to the molecular level. Prototypically biological traits develop
in a highly specific ontogenetic niche (West & King, 1987).

4. Innateness and Human Psychological Development

Ariew’s characterization of innateness is not merely a poor research strategy
for studying the development of rat and birds. It is also misleading when
studying human psychological and behavioral development. To illustrate this
point, we will compare Ariew’s characterization of innateness as canalization with
the poverty of the stimulus arguments that have been developed throughout
cognitive science.
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Chomsky introduced this type of argument to support the conclusion that children
are innately endowed with a tacit knowledge of the grammatical principles that
govern any human language—what Chomsky calls Universal Grammar
(Chomsky, 1967, 1975). In substance, poverty of the stimulus arguments start by
describing a given psychological trait—children’s knowledge of the syntax of
a language such as English in Chomsky’s case. Poverty of the stimulus arguments
contend that children do not have access to the evidence that would be required to
acquire this psychological trait by learning. The relevant evidence may be absent from
children’s environment, its presence may be unreliable, or the environment may
provide children with misleading information (for instance, when adults use
ungrammatical sentences). Poverty of the stimulus arguments conclude that
the relevant psychological trait is not learned and therefore that it is innate.’
In addition to children’s syntactic knowledge, this kind of argument has also been
used to argue for the innateness of our moral sense (Dwyer, 1999; Hauser, 2006;
Mikhail, 2000).

An example will make clear the gist of these arguments. Consider the case
of children’s knowledge of the constituent structure of noun phrases, such as ‘the red
ball’ (Lidz & Waxman, 2004; Lidz, Waxman, & Freedman, 2003, see also
Akhtar, Callanan, Pullum, & Scholz, 2004; Regier & Gahl, 2004; Tomasello, 2004).
One can at least form two distinct hypotheses about the constituent structure
of ‘the red ball’:

1. [[the][red][ball]]
2. [[the][[red][ball]]]

According to hypothesis 2, but not according to hypothesis 1, ‘red ball’ is a
constituent of the noun phrase ‘the red ball” 2 is clearly the correct
constituent structure of noun phrases for adult speakers, as is shown by the fact
that the pronoun ‘one’ can refer anaphorically to the constituent [red ball]
(Lidz et al., 2003):

1. I'll play with this red ball and you can play with that one.

By analyzing a corpus of adults’ utterances to children, Lidz and Waxman
have argued that the linguistic environment of children does not contain the
evidence that would be needed to discriminate constituent structure (1) from
constituent structure (2). Still, evidence suggests that 18-month-old babies know that
(2) is the right constituent structure of noun phrases. Since they could not have
learned it from the evidence they are exposed to, the constituent structure (2) must
be innately specified in their innate universal grammar—or so Lidz and
Wazman conclude.

An extensive literature focuses on the cogency of poverty of the stimulus
arguments (see particularly Cowie, 1999; Laurence & Margolis, 2001;
Piattelli-Palmarini, 1980; Pullum & Scholz, 2002; Putnam, 1967; Seidenberg, 1997)
But, for present purposes, what matters is the similarity between the notion of
innateness at stake in poverty of the stimulus arguments and Ariew’s characterization
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of innateness as canalization. Poverty of the stimulus arguments essentially claim
that the development of a trait does not depend on the presence of specific
environmental stimuli. Thus, according to Lidz and Waxman, to know the
constituent structure of noun phrases such as ‘the red ball, children do not need
to be exposed to linguistic constructions distinguishing constituent structure (2)
from constituent structure (1). This conclusion of poverty of the stimulus arguments
is in line with Ariew’s characterization of innateness, for, as we saw above, Ariew
contends that in some cases, “the system develops independently of the
environmental condition” and that “innateness should be identified with ... [this]
sort of invariance” (Ariew, 2006, p. 10).

Now, it is important to keep in mind that poverty of the stimulus arguments do
not show that the development of a trait is independent from the environment.
Rather, if successful, they show that it is independent from a specific environmental
condition. For instance, if successful, Lidz and Waxman’s poverty of the stimulus
argument shows that the acquisition of the constituent structure of noun phrases
does not depend on exposure to linguistic constructions distinguishing structure 1
from structure 2. This is perfectly consistent with the development of children’s
knowledge of the constituent structure of noun phrases being contingent upon the
presence of very specific stimuli in the environment of children, in exactly the same
way the development of rats’ ability to copulate is contingent upon the mother
licking the pups’ genital area. Furthermore, the stimuli required for the development
of the trait under consideration might well be non-obvious. That is, they might be
such that one cannot predict on a priori grounds that the development of this trait
depends on their presence in children’s environment.

As far as we know, evidence is lacking to assess whether the development of
children’s syntactic knowledge of a given language, of their mind reading capacity, or
of their moral sense depends on the presence of specific non-obvious stimuli in their
environment. This is partly due to the fact that for obvious ethical reasons, one
cannot conduct with children the kind of experiments done with rat pups.
The success in locating environmental tuning parameters in species where controlled
experimentation is ethical should caution us against placing any weight on the mere
absence of evidence in humans. Moreover, recent research on mimicry in human
neonates has produced just this sort of evidence. Mimicry is the disposition to
imitate perceived gestures and bodily movements (including facial expressions).
Numerous psychologists and neuropsychologists have contended that mimicry is an
innate disposition that is present at birth (for a review, see Butterworth, 1999;
Meltzoff & Moore, 1977). However, Susan Jones’ recent work suggests that mimicry
might depend in subtle ways on parents mimicking the child and highlighting their
mimicking with sounds (reported in Jones, Forthcoming; Jones & Yoshida, 2006).
Jones and Yoshida conducted a longitudinal study of mimicry in a female infant
named Yo (from 3 to 18 months). At the beginning of the study, Yo’s motor patterns
were uncorrelated with her mother’s motor patterns, while her mother repeatedly
mimicked Yo’s action patterns. When Yo started mimicking (in the second half of
her first year), she did not mimick every motor pattern of her mother. Rather, as
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Jones puts it, “[t]he actions matched were behaviors (a) that Yo had spontaneously
and repeatedly produced at home, on her own; (b) that Yo’s parents had imitated;
and (c) that produced or were accompanied by sounds” (Jones, Forthcoming).
This suggests that the development of mimicry may be contingent upon a parent
mimicking her child’s motor patterns and associating her mimicking with sounds
(for further evidence, see Jones, Forthcoming).

Because the development of psychological or behavioral traits typically depends
on non-obvious environmental stimuli, even when this development is buffered
from the presence or absence of other environmental stimuli, Ariew’s strategy for
biologicizing the mind is misguiding. Rather than focusing developmental
psychologists’ attention on the environmental conditions that are necessary
for or that contribute to development, calling a trait innate would typically
lead psychologists to believe that some trait, such as children’s syntactic knowledge
or their disposition to mimic, is globally insensitive to the environment.
This would prevent developmental psychologists from properly studying the
development of the relevant trait. Ariew’s proposed research strategy—that
might have such an effect is not a far-fetched possibility. In her discussion
of mimicry, Jones makes a similar point:

Despite its wide interest and relevance, the development of imitation has not been
the subject of a great deal of research. This may be because it is widely accepted
among developmentalists that the ability to imitate is innate, and that much of the
underlying mechanism is inherited. (Jones, Forthcoming)

This is of course not to say that the notion of canalization has no role to play in
studying the development of a psychological and behavioral trait. Developmental
psychology should inquire whether the development of a trait is buffered from
variation in specific aspects of the environment. For instance, the development
of the knowledge of constituent structure of noun phrases seems to be buffered
from the variation in the availability in children’s linguistic environment of
linguistic constructions that would discriminate constituent structure 1 from
constituent structure 2. Rather, the point of our discussion is that canalization is
always relative—traits are canalized with respect to a particular environmental
condition. Identifying canalization with the older idea of innateness, as is
proposed by Ariew, is likely to obfuscate this important fact and to result in
erroneous conceptions of development and misguided research strategies to
study development.

5. Canalization relative to specific parameters

Canalization is commonly described as if it were a single property of a trait, albeit one
that comes in degrees. But this assumes that canalization is assessed in terms
of the dynamical structure of Waddington’s ‘developmental system’ as a whole.
As a theoretical biologist Waddington was free to stipulate that the “pegs” in his
model include all the Mendelian loci in the genome and all the environmental factors
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that affect development, just as he was free to treat the two-dimensional surface
which the pegs determine as a representation of a hyperspace with one axis for every
way in which the phenotype can differ. In the context of this idealized model,
Waddington was able to talk of the canalization of some phenotype in general, that is,
relative to the entire set of developmental parameters, or its canalization relative to all
and only the genetic parameters, or to all and only the environmental parameters.
But this is a luxury not available to biologists who study real organisms. We can
realistically look forward to the day when the systems biology of single-celled model
organisms like the yeast Saccharomyces cerevisiae will allow the construction of
something approaching Waddington’s model from actual data, but doing this for
songbirds or human children is still the stuff of science fiction.

We have discussed above how the experimental evidence produced for
environmental canalization typically examines whether a trait varies in response to
one or a few salient environmental parameter. Obviously, showing that a trait is
insensitive to changes in one or a few “pegs” in Waddington’s diagram is very far
from showing that it is canalized in general. Moreover, different traits are said to be
canalized because they fail to respond to different environmental manipulations.
Classifying traits together as environmentally canalized because they each show
evidence of insensitivity to some environmental factor is hardly better than
classifying them together because one is not very large, another is not very rigid,
and a third is not very heavily pigmented. If the idea of canalization is to be taken
seriously then it must either be relativized to specific parameters or it must be
assessed in the light of a fairly complete model of the development of a trait.
The second of these options is impractical and so the claims about canalization that
have an actual scientific basis are usually relativized ones: grammar is canalized
relative to the corpus of sentences to which children are exposed and the song of
Melospiza melodia is canalized relative to the corpus of birdsong heard in the Song
Sparrow’s first season.

6. Innateness: You Just Know It Makes Sense

We suspect that a common response to these strictures about canalization will
be that they are merely nitpicking. The limited evidence that is cited in support
of claims of innateness may not formally imply that other environmental
variables are irrelevant, but it shows the fundamentally ‘biological’ nature of
these traits, and so only some sort of environmentalist prejudice makes us
demand direct evidence of their independence of other variables. The fundamental
idea behind ‘biologicizing the mind’ is that there is some association between
being part of an animal’s biological nature and developing independently of
the environment. This idea has deep roots, but we do not think they are deep
scientific roots.

We have argued elsewhere that the idea of an innate trait is simply one expression
of a folkbiological theory of the ‘natures’ of living things (Griffiths, 2002; Griffiths,
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Machery & Linquist, Submitted). Just as there are commonsense ideas about physical
objects and the forces acting on them (‘folk physics’), so there are commonsense
ideas about biology, or ‘folkbiology’ (Medin & Atran, 1999). It is part of folkbiology
that some traits are expressions of the inner nature of animals and plants, whilst
other traits result from the influence of the environment. The idea that living things
have inner natures that make them the kind of organism that they are is closely linked
to the idea of heredity. Hereditary traits are those which form part of the inner nature
that is passed on from an organism to its descendants. Despite the valiant efforts
of early geneticists to combat this idea by distinguishing the inherited genotype from
the phenotype that emerges as a result of the interaction of genotype and
environment (e.g., Johannsen, 1911), the folkbiological picture that Schaffner
(1998) has described as the inheritance of ‘traitunculi’ has persisted and even been
strengthened by the well-publicized successes of genetics.

For all its intuitive appeal, the idea that traits which are part of an organism’s
biological nature develop independently of the environment is not well-supported.
The direct evidence against it can be found in textbooks on psychobiological
development (e.g., Michel & Moore, 1995), and we have given a few examples above.
But it is also theoretically unsupported. An evolutionary perspective suggests that
organisms will make use of whatever environmental regularities are available and that
they will not pay the costs of buffering against variation in developmental parameters
unless those parameters vary in a way that makes buffering cost-effective. This is why
human beings and their primate relatives have lost the ability to synthesize vitamin C
that their ancestors possessed and rely on environmental sources of this chemical
(Jukes & King, 1975). If it is more cost-effective to stabilize an environmental
parameter than to build (or to maintain) a mechanism that buffers against variation
in that parameter, organisms will do just that. This is presumably why, as the
evidence increasingly shows, intelligence and many aspects of general health depend
to some degree upon substances provided in the mother’s milk. These principles are
not merely applicable to early development, but continue to apply throughout an
organism’s life cycle. One of Konrad Lorenz’s insights which he initiated the modern
study of animal behavior in the 1930s was that animals do not need the abstract
instincts like ‘parenting’ or ‘sociability’ in which many of Lorenz’s contemporaries
believed. Instead, they rely on regularities in the ecological context in which their
lineage has evolved to structure relatively simple responses into coherent and
appropriate sequences of behavior.

One important aim of philosophical analysis should be to highlight problems that
arise from the conceptual framework within which a topic is being treated. In the
philosophy of science this often means highlighting assumptions which persist from
pre-scientific thought, as opposed to emerging from the science itself. The concept
of innateness is a classic example. The distinction between innate and acquired
characteristics was not invented by Francis Galton in 1874, but has existed in some
form or another as long as people have thought about heredity. It is a highly
intuitive distinction and has survived a half-century of scientific critique because
of the gut-feeling that there must be something to it. It is time that we freed
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ourselves from the idea of an innate characteristic just as we have freed ourselves
from the idea that any projectile must eventually run out of force and fall to earth.
We need to do this, not to embrace some form of environmentalism, since the idea
of an acquired characteristic is as monstrous as its twin (Stotz & Allen, Submitted),
but to make space for a more realistic picture of the development of
biologically significant traits.

Notes

[1] For example, Bateson (1991); Bateson & Martin (1999); Gottlieb (1981, 1997);
Hinde (1966, 1968); Johnston (1987); Lehrman (1953, 1970); Lickliter & Berry (1990);
Michel & Moore (1995); Moore (2001); West & King (1987, this issue); West, King, & Duff
(1990); West, King, & White (2003). For historical accounts of this critique and its influence,
see Gottlieb (2001); Griffiths (2008); Johnston (2001).

[2] TItis probably worthwhile pre-empting the idea that traits can be split into sub-traits some of
which will turn out not to rely on these parameters and thus remain ‘innate’. This suggestion
was first made by Konrad Lorenz in the 1930s in response to evidence of the ‘fine tuning’ of
supposedly innate behaviors by experience. For example, the anterior-posterior axis of a
head-movement might be an innate ‘fixed action pattern’ despite the movement in the
lateral plane which accompanies it depending on interaction with the environment.
However, while it is certainly possible to identify some elements of a complex behavior
pattern that survive a particular deprivation experiment, this does not establish that those
elements are independent of other parameters, and Lorenz later abandoned this idea
(Lorenz, 1965). A brief account of how this idea fails in specific cases of birdsong
development can be found in Marler (2004).

[3] Various types of poverty of the stimulus arguments have been distinguished in
the recent literature (Cowie, 1999; Pullum and Scholz, 2002). We neglect this
complication here.
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