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ABSTE^CT 

Ascriptions of innateness are ubiquitous in the 

cognitive, behavioral and biological sciences. For example, 

some linguists think that humans possess an ^"innate" language 

aquisition device. Some ethologists think that a great 

number of animal behaviors are "innate". Implicit in these 

ascriptions is the belief that innateness is a well-

understood biological phenomenon. The question I would like 

to address in this dissertation is, what makes a 

morphological, physiological or behavioral feature "innate"? 

According to some nay-sayers, innateness is not well-

defined in biology and the practice of ascribing innateness 

to various biological traits should be dropped from 

respectable science. Proponents of this view think that the 

notion of innateness rests on a dichotomous conception of 

development that has been, through decades of powerful 

criticism, proven to be mistaken. Accordingly the burden of 

proof rests on those who employ the innateness concept to 

demonstrate that despite the criticisms there really is a 

biological phenomenon underlying the concept. In this 

dissertation I will attempt to shoulder this burden. 
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INTRODUCTION 

Lorenz proposed in his (1935) articulation of a theory 

of behavioral instincts that the objective of ethology is to 

distinguish behaviors that are ^^innate" from behaviors that 

are "learned" (or ^^acquired") . Lorenz's motive was to open 

the investigation of certain ^^adaptive" behaviors to 

evolutionary theorizing; since innate behaviors are 

"genetic", they are open to such investigation. By Lorenz's 

light the innate/acquired dichotomy rested on a familiar 

Darwinian distinction between genes and environments. 

This sort of dichotomous thinking, which pits the innate 

against the acquired, genetic factors against environmental 

factors, and nature vs. nuture, has exerted a powerful 

influence in many areas of scientific and philosophical 

discourse even though it has been argued since Kuo (1921) and 

generally accepted since Lehrman (1953) that, in particular, 

the gene/environment dichotomy that Lorenz invoked is 

literally false: no biological trait is the product of genes 

alone. Why the insistence among philosophers and scientists 

alike to appeal to a false dichotomy, especially one that 

misleads the public and negatively affects social policy? 

Are these philosophers and scientists just stubborn, 

dogmatic, or misguided in their use of a completely 

discredited concept? Or, is there something to the dichotomy 
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worth preserving despite the need for revision and 

clarification? Proponents of both attitudes towards the 

nature/nuture issue exist (of course). I venture to guess 

that no one (who is competent of the ways of science and/or 

philosophy) thinks that the dichotomy is self-evident or 

without need of revision (even Lorenz (1965) calls for 

reformulation) . The ^'^eliminitivists" (as I call them) wishes 

to do away with all such dichotomies—nature/nuture, 

gene/environment, innate/acquired—either in all of 

scientific and philosophical discourse (Oyama 1985), or at 

least in the discourse of biological and psychological 

development (Johnston 1987). 

Although my own position might be read as opposing 

eliminitivsm, I stress the need for conceptual and 

methodological clarification. Part of the task of this 

dissertation is to propose a legitimate definition of 

innateness that is well-grounded in biology. So, for 

instance, I do think the concept ^^innate" has biological 

grounding but it does not merely mean "genetic". 

An evaluation of the debate between Lorenz and his 

critics and the establishment of a set of desiderata for an 

adequate account of innateness is the aim of the first 

chapter.^ 

^The ideas for chapter one have benefitted from discussion from 
audiences at Virginia Tech, University of Arizona, Arkansas State 
University, and the University of Rhode Island. I would like to 
especially thank Thomas Bontly, Joel Pust, and Richard Sweat for 
valuable discussion. 
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In the second chapter I will provide critiques of two 

proposals derived from concepts found in population genetics: 

heritability and norms of reaction. I'll show that neither 

concept provides an adequate definition of innateness.2 

In the third chapter I will offer my own proposal that 

stems from developmental biology. The idea is that the 

degree to which a trait is innate depends on the degree to 

which it is canalized in development. Roughly, canalization 

refers to a developmental process whose outcomes are to some 

degree environmentally invariant. I will demonstrate the 

superiority of the canalization account over other 

developmental accounts of innateness. 

Finally, in the fourth chapter, I will apply the 

"Innateness as Canalization" theory to three case studies. I 

will evaluate Steven Pinker's parsimony argument for the 

innateness of an acquisition procedure for language learning 

in humans, Jerry Fodor's argument for nativism about concept 

acquisition, and Noam Chomsky's argument for the innateness 

of language acquisition devices in humans. 

^Much of the material for this chapter is taken from Ariew (1996) 
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CHAPTER ONK 

Lorenzian Tnnatpnps.q 

l.Q IntrQductiQn 

The focus of this chapter is to evaluate some of the 

arguments on both sides of the nature/nuture debate between 

Lorenz and his proponents on the one hand, and Lehrman and 

his proponents on the other. Misunderstandings and unsound 

arguments abound in the literature, concerning, among other 

issues, the nature of the relationship between genotypes and 

phenotypes, the explanatory nature of natural selection, and 

the distinction between population-level phenomena and 

individual-level phenomena. I wish to cover each in what 

follows. 

I will begin with a brief exposition of Lorenz's concept 

and usage of the innate/acquired distinction. In section two 

I discuss the consequences of the fact (truism), which serves 

as a starting point for many critics of Lorenz, that no 

biological trait is the product of genes alone. I endorse 

Elliott Sober's idea that one cannot meaningfully asJc about 

the relative causal contributions that genes and environments 

make to an organism's phenotype. Some critics of Lorenz take 

this to be a consequence of the truism about phenotypes, but 

I argue that the essential point is, as Sober says, that 

genes and environments do not make their contributions in a 

common currency. In section three I evaluate Lorenz's later 
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modification of his definition of innate. Lorenz's motive 

was to preserve the role of natural selection to explain why 

individuals have the traits that they do. I argue that this 

is an over-extension of the explanatory power of natural 

selection. Natural selection explains the prevalence and 

predicts the maintenance of trait types; it also explains why 

individuals produce some or no offspring. However, selection 

does not explain individual traits. In section four, I 

demonstrate that the innate/acquired distinction is 

meaningful when asked to explain phenotypic differences. 

This is the sort of question that quantitative geneticists 

typically ask of population-level phenotypic differences. 

Yet, it is possible to apply an analysis of phenotypic 

differences to an investigation of factors of an individual's 

development, as I shall discuss in section five. 

1.1 Lorenz's Theory of Instincts 

At the core of Lorenz's theory of instinct is a distinction 

between two types of behavior, innate and learned. Roughly, 

innate behavior is that behavioral tendency determined by 

genetic inheritance and manifested independent of an 

individual organism's experience with its environment. 

Learned (or acquired) behavior by contrast varies with 

environmental factors. The theoretical significance of 

identifying innate traits is three-fold: it is useful in 

taxonomy, individual explanation, and in evolutionary 
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explanation (Richards 1974). (1) Taxonoiny: to characterize 

species-specific traits as opposed to traits that pick out 

differences between individuals in a species or a population. 

(2) Individual explanation: citing innate behavior may 

explain why individual organisms act as they do in certain 

circumstances. For example, why does a stickleback attack a 

wax model of a fish that lacks all structural resemblance to 

a rival stickleback? The answer is that the model has a red-

underbelly which serve in sticklebacks to release an innate 

attacking behavior (Richards 1974). (3) Innate traits are 

genetically determined and hence are subjected to 

evolutionary investigation and explanation. Lorenz sought to 

provide natural selection explanations for certain ^"^adaptive" 

species-specific behaviors. 

According to Lorenz empirical investigation of behaviors 

is to be conducted through both field observations and 

"isolation experiments". In an isolation experiment the 

organism under study is deprived of the opportunity to 

"learn" or acquire the candidate behavior from environmental 

cues. If the organisms undergoing isolation develops the 

trait "normally" then the trait or behavior is said to be 

innate. For example, Lorenz observed that female mallards 

raised to reproductive age in exclusive company of pintail 

ducks show no sexual affinity for the pintail drakes. But 

upon seeing a male mallard for the first time, the females 

immediately engage in the sexual courtship behavior 



particular to its species. Remarkably, a mallard expresses 

courtship behavior even if it had no opportunity to learn it. 

That is, mallards which are naturally or experimentally 

deprived of the opportunity to observe courtship behavior 

through experience, tend to develop it nonetheless. 

Determining that the mallard's courtship behavior is innate 

allows the investigator to: (1) include the behavior as part 

of the taxonomy of mallards, (2) explain why mallards exhibit 

courtship behavior, and (3) open the study of courship 

behavior to evolutionary investigation. 

If courtship behavior is not acquired from environmental 

cues, where does it come from? Here, Lorenz asserts the 

basic dichotomy on the basis of which he defined innateness: 

what is not learned is innate. Accordingly, the mallard's 

courtship behavior is innate. But what is innateness besides 

not learned? 

Influenced by Darwin's theory of natural selection, 

Lorenz viewed many of the behaviors he investigated as well-

adapted to the organism's environment. There are two ways 

well-adapted behaviors can arise. The behavior could be the 

product of an individual's interaction with its environment 

(as in a learning experience). Or, it could be the product 

of natural selection whereby the behavior is genetically 

transmitted from parent to offspring. So, if a behavior was 

not learned or acquired, it must have been genetically 

transmitted. Hence, on Lorenz's account, innateness is a 
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genetic phenomenon: an innate trait is nnf> that is 

genetically transmitted as opposed to accpiired by an 

individual's interaction with its environment (as in the case 

of learning. 

1.2 The Fact About Development 

Critics (past and present) of Lorenz's theory of instincts 

charge that the innate/acquired dichotomy at the core of 

Lorenz's theory of instincts is a false dichotomy. 

Attributing behavior to the genes is to misunderstand the 

nature of how biological traits are manifested. No 

biological trait is the instantaneous product of genes alone 

or of the environment alone. Biological traits are the 

product of a developmental process which depends on the 

actions and interactions of both genes and environments. 

Lorenz thought that the results of deprivation experiments 

showed that some traits appear "out of a vacuum" (cite 

Lehrman). Yet, even behaviors manifested in deprivation 

depend on some environmental interaction, namely the 

environment of the deprivation device (assuming that the 

creature is kept alive) . It follows from the truism that no 

phenotype is the product of genes alone. I shall refer to 

this fact either as "the truism of the phenotype" or as "the 

fact of development" hereafter. 

Richard Lewontin (Griffiths et. al. 1993, 813) adds that 



biological traits are determined not only by genes and 

environments but also the random developmental factors that 

affect cellular division among other processes. If one takes 

"the environment" to denote factors outside of the gene in 

question, then Lewontin's point is subsumed by the truism of 

the phenotype. However, if "the environment" includes 

factors impinging upon the organism, "outside the skin" as it 

were, then the truism of the phenotype needs to take 

Lewontin's point into consideration. I propose that we let 

the environment be anything outside the genes. So extra 

genetic material influence in the cytoplasm is environmental. 

Some authors have responded to the charge that genes are 

not the sole cause of phenotypes by pointing out that the 

situation for phenotypes is not unique (Gifford 1991, Levin 

1994). Striking a match causes the matchstick to burn 

although we know that striking is insufficient for matchstick 

burning. Other conditions are necessary for the match to 

burn including the presence of oxygen and the lack of 

moisture on the matchstick. Nevertheless the fact that 

striking is not the sole cause of burning does not undermine 

our talk of striking as a "salient causal factor" for 

burning. Mutatis mutandi for phenotypes. For any given 

phenotypic trait a particular gene or cluster of genes plays 

a positive causal role. However, this argument misses the 

critic's point. What the critic denies is that genes alone 

make-up phenotypes. 



18 

I should point out, however, that some critics, most 

notably Susan Oyama (1985) and Timothy Johnston (1987) do go 

further in their attack on Lorenzian ethology and offer 

reasons to deflate the role of the genes in the make-up of 

such complex traits as behavior.^ Let me pause to offer some 

remarks on these deflationary accounts of genetic causation. 

On Oyama's view genes ^^merely" synthesize amino acids. 

As soon as the amino acid chain has been synthesized, all 

further development of the phenotype results from a highly 

complex interaction between the phenotype (the synthesized 

chain) and the environment (Oyama 1985). Oyama's view, 

however commits her to a much too narrow view of causation in 

general. A robber pulls the trigger which pops a bullet 

through the gun muzzle through his vicitim's vulnerable 

flesh, killing the victim instantly. On Oyama's view, the 

robber's role in the killing of his victim is finished when 

the robber pulls the trigger. After that the bullet 

undergoes a complex interaction between steel, air 

resistance, the force of gravity, and inertial g-forces (due 

to the victim's flesh). Is it the interaction that is fully 

responsible for the murder? Should the robber's sentence be 

diminished given that his role in the death is so miniscule? 

I think the answer is no. 

^Her target is the idea that genes contain information for the 
development of traits. This is an issue that I will take up in the next 
chapter. Nevertheless her argument exposes her view of genetic 
causation which 1 scrutinize here. 
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Other critics are less radical. Johnston writes: ^^The 

fact is that we know very little about how the genes 

contribute to the development of behavior, and what we do 

know suggests that their involvement, although critically 

important, is extremely indirect" (1987 161). Even here, 

Johnston is not arguing that genes do not play a role in the 

make-up of phenotypes (he admits that their role is 

"critically important") rather he's bringing up an 

epistemological point about trying to determine what role 

they play. I bet the longer the epigeneticist examines the 

subject, the closer they will come to understanding gene 

action. I do not mean to downplay the difficult 

epistemological task of trying to isolate genes or gene-

clusters as playing a salient causal role in the 

determination of a phenotype. My point is that the issue is 

an empirical one, and does not affect the fundamental fact 

that phenotypes are composed of genes. The question of how 

to isolate a particular gene as playing a positive causal 

role is just an instance of the more general issue concerning 

the determination of causal factors, as the striking a match 

example illustrates. For an analysis of the complexities of 

that issue see (Eells and Sober 1983) for an overview. 

1.3 Natural Selection and Development 

Lorenz devoted a small book to respond to his critics. In 

his response Lorenz makes some concessions though he 



20 

maintains that the category of innateness is useful to 

ethology. Lorenz's main concession was to acknowledge that 

attributing behavior to the genes is misleading in the 

context of a developmental explanation of behavior. 

Nevertheless, Lorenz asserts that the categories of innate 

and acquired (or learned) are explanatorily useful (and hence 

ought not be dropped) as they serve to articulate the 

^^adaptiveness" of certain behaviors. Lorenz writes. 

As students of behaviour, we are not interested in 
ascertaining at random the innumerable factors that 
might lead to minute, just bearable differences of 
behaviour...What we want to elucidate are the amazing 
facts of adaptedness. Life itself is a steady state of 
enormous general improbability and that which does need 
an explanation is the fact that organisms and species 
miraculously manage to stay alive (*Innate Bases of 
Learning' in On the Biology of Learning, K. Pribram, 
1969) . 

I think that Lorenz's response is significant. It reveals to 

me that the exchange between Lorenz and his critics is in 

part a clash between divergent explanatory strategies or 

approaches to explain the nature of organic life. (But, as we 

shall see, this is only part of the story.) 

What's clear from the passage just quoted is that 

Lorenz's interest in the category of innateness is to explain 

an evolutionary phenomenon, adaptiveness. What does it mean 

to be interested in explaining adaptiveness? Adaptiveness is 

a relation between an organic form and its habitat. Within a 

particular habitat, an adaptive trait is one that confers 



relative survivability and/or reproductive success to 

individuals that possess them. Neo-Darwinists explain 

adaptiveness by appeal to the theory of natural selection. 

More precisely, since evolution is a population-level 

phenomenon, what neo-Darwinists explain is the origins and 

prevalence of adaptive traits in a population of organisms. 

In contrast, Lorenz's critics are in large part 

developmental biologists interested, not in the relation 

between organic form and its habitat, but in the organic form 

itself. Further, developmentalists are not necessarily 

interested in a prevalence of organic form, but its origins 

in an individual embryo. 

Given this distinction between what evolutionists and 

developmentalists seek to explain, I think we can clarify 

Lorenz's response to his critics. He admits that attributing 

behavior to the genes is an error if the point is to explain 

how a trait comes to develop in an individual (the 

developmentalist project). However, if the point is to 

explain the characteristics of adaptiveness (the evolutionist 

project) then attributing behavior to the genes is part of a 

standard neo-Darwinian evolutionary explanation. Let me 

briefly explain why Lorenz might have thought this is so. 

While there are many points of intersection between 

evolution and development, evolutionary explanations often 

^^black-box" development. That is, evolutionists often talk 

about the genetic transmission of phenotypes without regard 
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to what might be a complex correspondence between genotypes 

and phenotypes. From the evolutionist's point of view what 

is important is not the knowledge of the causal factors that 

lead individuals with a given genotype to develop particular 

phenotypes, but that genotype and phenotype are correlated in 

a way that allows investigators to examine an evolutionary 

phenomenon (Sober 1984, Amundson 1994). In other words, the 

developmental story that links genes to phenotypes is not the 

central issue for evolutionists though it is important that 

that there is some developmental story to tell. 

Let's pause to consider a possible reason why these 

divergent explanadum are so often conflated in the literature 

on innateness. 

Although both explanatory strategies appeal to the 

concept of "'^gene" and ^^environment", in the case of genes, 

what counts as the sigificant causal role diverges between 

developmentalists and environmentalists, and in the case of 

the ^^environment", meanings (reference) differ. Let's see 

how the evolutionist and the developmentalist diverge in what 

they take to be the central causal role of '^genes" and 

"environments". 

For evolutionists (especially adaptationists) genes 

serve as the unit of inheritance necessarily, and sometimes 

as the unit of selection. The laws that dictate how genes 

play that role (e.g. Mendelian and non-Mendelian laws of 

segregation and assortment) are insensitive to the molecular 
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composition of genes (i.e. the fact that genes are bits of 

chromosomes composed of DNA in the form of a double-helix, 

etc.).'' But for the developmentalist, genes play a crucial 

bio-chemical role in the determination of organic form. 

Genes code for amino acids that determine the 3-D folding 

structure of protein molecules, etc. Further, in regard to 

what counts as the ^^environment", what distinguishes modern-

day epigeneticism from pre-19th century preformationism is 

the tenet (truism) that genes alone do not produce biological 

traits. Development involves complex interactions between 

genes, among genes, between genes and other components of a 

cell, etc. Everything outside of a particular gene is called 

•'^the environment" for developmentalists. 

The evolutionist (again, especially the adaptationist) 

regards the environment as part of the "selective regime" 

including all conditions external to the organism itself (or 

outside the unit of selection): resources (food, shelter), 

existence of predators, climatic conditions, topography, 

location of mates, etc. The evolutionist typically gloss 

over the role of the environment in the development of 

individuals. Are they justified in doing so? 

To answer, consider how natural selection explains 

prevalence and maintenance of biological traits. Selection 

operates over variants in a population. Certain organisms, 

Waters (1994), Vance (1996) among others distinguish between the 
"classical genetics" and the "molecular" conception of genetics. 
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because of particular traits they possess, are better suited 

to survive and reproduce than their conspecifics in the 

environment they all inhabit. The key is that an 

adapationist is interested in trait differences between 

organisms exibited in an environment where selection is going 

on. In a particular selective regime the factors of the 

environment that instigate selection (climate, resources, 

etc.) are fixed as far as the evolutionist is concerned. The 

phenotypic differences are all due to genetic differences 

(hopefully much of that genetic differences is responsive to 

selection) . That is not to say that gene and environment 

interactions do not occur, in other words it is not to say 

that the development of the organism is solely due to the 

genes. That would violate the central tenet of epigenetics 

and make evolutionary theory incompatible with the best 

theory of development. Rather, it is assumed that these 

various ways in which environment effects development does 

not account for the phenotypic variation. It is this sense 

in which, vis-a-vis the evolutionary project that the 

environmental role in development is said not to matter and 

is often taken for granted.^ 

If the evolutionary project were the extent of Lorenz's 

methodology, I think that Lorenz's response is relatively 

uncontroversial. For example, it might interest an 

^"Radical structuralists" are those that believe that the details of 
development will reveal that selection is not a powerful evolutionary 
force. They challenge this assumption. 



evolutionist to consider the selection pressures that might 

have been present to favor individuals possessing innate 

behavior capacities rather than individuals who must acquire 

or learn their behaviors. In the spirit of adaptationism a 

model may be constructed to speculate on possible answers 

(see Sober 1994a). 

But Lorenz fails to distinguish the question of 

explanatory significance from the question of what makes a 

trait innate. Lorenz, you may recall, originally identified 

innateness with the ability of an indivudal organism to 

develop a trait in isolation of environmental cues. In 

response to his critics, Lorenz asserts the value of 

innateness from an evolutionist's point of view. But his 

response fails to answer the original question, what sort of 

developmental phenomenon is innateness? 

Lorenz recognizes this problem and provides an answer 

consistent with his evolutionary approach. His answer is 

roughly as follows; for adaptive behavior to develop in an 

individual the organism requires information about its 

environment. There are two possible sources for this 

information. Either it is provided by the individual's 

interaction with its environment, or it is provided by the 

evolutionary proceess of natural selection in which case it 

is encoded in the organism's genes. When the source of the 

information is provided by natural selection, Lorenz argued, 

the trait is said to be "innate". So, the category of 



innateness is not only important to the study of evolutionary 

biology, but it is also important to the study of 

development. It allows one to distinguish traits whose 

developmental information is due to natural selection from 

those traits whose developmental information is in the 

individual organism's environment. 

Setting aside Lorenz's associations between innateness 

and ^^information" let us focus on his views on the 

explanatory role of natural selection. I take it that the 

key point is: knowing that a trait is a product of natural 

selection helps explain its development in an individual. 

But as the psychologist Daniel Lehrman (1970) pointed out, 

Lorenz's theory about the role of natural selection in 

development is mistaken. According to Lehrman, knowing that 

a trait is a product of natural selection does not settle any 

questions about the developmental process by which the 

phenotypic characteristic is produced in an individual 

organism. 

Lehrman writes, ^^the clearest possible genetic evidence 

that a characteristic of an animal is genetically determined 

in the sense that it has been arrived at through the 

operation of natural selection does not settle any questions 

at all about the developmental processes by which the 

phenotypic characteristic is achieved during ontogeny" (1970, 

25-28). Lehrman's argument rests on an example of a trait, 

species-specific mating preferences that is widely under 
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selective control. Compare the development of the trait 

between doves and cowbirds. For both the trait is a product 

of natural selection, yet individual doves develop their 

mating preferences through "learning" while the cowbird does 

not. 

I think the most perspicuous way of illustrating 

Lehrman's point is to consider an example used by Elliott 

Sober (1984), which I alter to fit our purposes. Imagine 

that entrance to a school requires that individuals read at 

the third grade level. Suppose that Sam, Aaron, Marisa, and 

Alexander pass the test and so are admitted, whereas other 

students do not pass, and so are excluded. The selection 

process explains why the room contains only individuals that 

read at the third-grade level. But the selection process 

does not explain why the individuals in the room (Sam, Aaron, 

and so on) read at the third-grade level. As Lehrman put it, 

the selection process favors certain outcomes not the process 

by which those outcomes are achieved. Notice that it is 

quite possible that the story about how each individual came 

to read at the third grade level varies. For example, 

suppose Sam and Aaron have parents who taught them how to 

read at a young age, Marisa took a pill which enhances her 

reading ability, and Alexander reads well despite living with 

parents that did nothing to aid his progress. These 

individual differences are not part of the selection-

explanation for the prevalence of children who read at the 



28 

third-grade level. But they are part of the developmental 

explanation for how each child came to read at the third-

grade level. 

Lorenz's mistake was to miss-apply natural selection 

explanation. Selection explanations are taylor-made for the 

investigation of evolutionary phenomenon. Yet they are 

inappropriate for the investigation of what is essentially a 

developmental phenomenon, the "innateness" of biological 

traits. Further, by defining innateness as a product of 

natural selection (via genetic transmission), we are left 

without an adequate definition of innateness as a 

developmental phenomenon. 

Let us put the point in a different way. Attributing 

biological traits to genes as Lorenz would have it does not 

answer the central question that innateness ascriptions were 

meant (by Lorenz) to address.® The issue is, broadly, why 

does an individual have the traits that it does? (Or, how 

does an individual come to manifest the traits that it has?) 

To say that a trait is innate, that is, to say that it is 

genetically determined is only to deny that it is, in some 

unclear sense, not environmentally acquired. Identifying 

traits as innate as opposed to acquired says nothing of the 

developmental process involved in the production of the trait 

®Johnston writes on behalf of Lehrman: "the main point of Lehrman's 
argioment was not to take a stand on the issue of whether, or how much, 
behavior is due to the environment as opposed to the genes, but rather 
that any such stand simply reflects a misunderstanding about the nature 
of development" (1987, 153) . 



(Lehrman, p. 344) . If we want to know why an individual has 

the traits it has we need to ask hov environment and genes 

interaction to produce the trait in question. Attributing a 

trait ''^mostly" to the genes says nothing about the 

developmental process that gets us from genes to the trait in 

question. 

1.4 Decomposition of Causes; Genes and Environments 

Is there another way to preserve Lorenz's genetic account and 

still have it that innateness is a feature of development? 

Some authors, most notably Robert Richards and Michael 

Levins, have suggested that the distinction between innate 

and acquired traits is in fact useful to the developmental 

project of decomposing phenotypes in terms of genetic and 

environmental components. The thought is that the fact of 

development does not preclude the possibility that the causal 

role of each may be distinguished. As both Richards and 

Levins point out the decomposition of phenotypes is consist 

with standard practice in physics and chemistry. Levins 

(1992) writes ^^the causal role of genes can be isolated, just 

as the causal role of any single chemical in a reaction can 

be" (p. 50) . Richards (1974) concurs, "The discernment of 

the sources of behaviour, a little like the discernment of 

spirits, is rarely easy...The situation is no different, of 

course, in any of the other sciences.. .the problem of holding 

constant or eliminating factors other than those of interest 
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is one which...all experiments in natural science share" (p. 

127) . 

Unfortunately, Levins' and Richards' approach won't 

work. The method of decomposition to which Levins and 

Richards refer is not applicable to the investigation of 

phenotypes. Let us see why."' 

In chemistry and in physics one can meaningfully ask 

"How much did two causal factors contribute to an event?" We 

can ask this about chemical or physical systems because 

physics and chemistry both obey J. S. Mill's principle of the 

composition of causes. Consider a Newtonian example where 

the event is a particle's acceleration, one causal factor is 

an effect of gravity, and the other is an effect of 

electricity. By Mill's principle the result of the two 

forces is just the sum of what each would have achieved had 

each acted alone (Sober 1994b, 184) . To answer the question, 

"how much did gravity and electricity contribute to the 

particle's acceleration" we ask two further c[uestions: (1) 

How much acceleration would there have been, if the 

gravitational force had been present, but the electrical 

force been absent? (2) How much acceleration would there 

have been if the electrical force had been present, but the 

gravitational force had been absent? 

Such questions have no analogue in developmental 

biology. The investigation of phenotypes does not obey Mill's 

^My demonstration is borrowed heavily from Sober (1994b). 



principle. It follows from the fact of development that one 

cannot ask what effect genes or the environment would have 

had on the production of a biological trait if genes or 

environment had acted in isolation. For example, one cannot 

ask of Sally how tall would she have been if genes acted in 

isolation or the environment acted in isolation. 

Interestingly, Sober argues that Mill's principle is 

inessential to the issue of whether it is possible to ask how 

much genes and environment contributed to a biological trait. 

If that's right, then the truism of the phenotype does not 

automatically yield the negative conclusion. What is 

essential to the conclusion is that the contributions of 

genes and environments to the production of a biological 

trait are incommensurable; as Sober puts it, ^""their 

contributions are not made in a common currency" (Sober, p. 

193) . 

Consider the following example to illustrate the notion 

of commensurability between two causal factors and to 

demonstrate why the truism of genes and environments is 

inessential to the conclusion (Lewontin 1974). Suppose two 

brick-layers are responsible for building a wall. Each 

begins work on one end of the wall and work his/her way to 

the middle, both involved in the task of laying down the 

mortar and the bricks. Since both perform the same task, it 

is possible to ask which brick-layer contributed more to the 

job. To answer we simply count the number of bricks each 



worker contributed to the job. There is a way to determine 

the relative causal contribution of each worker for each 

makes her contribution in a common currency. Notice that to 

ask how much each brick-layer contributed to the wall, it is 

not necessary to ask how much would each contribute had she 

acted alone. That is, to answer the question about causal 

contribution we do not need to appeal to Mill's principle of 

contribution of causes. We just need to compare the numbers 

of bricks each brick-layer layed. 

One might object that counting each brick-layer's 

contribution just amounts to asking how much each would have 

contributed had she acted alone.® A slightly different 

example puts some doubt to that intuition. Suppose the 

masons coordinate their work load such that they each take 

turns laying down one brick before the other lays down 

theirs. So, one mason sets down brick number 1, 3, 5, etc. 

while the other sets down brick number 2, 4, 5, etc. After 

the wall is built, we cannot answer the question how much did 

each contribute had each acted alone because each worker's 

contribution does not constitute a wall at all. A wall with 

successive bricks missing is not a wall but a heap of bricks! 

If we want to know the relative contribution of each worker 

we simply count the bricks each mason laid down. 

Now suppose that the division of labor is such that each 

®I thank Joel Pust and Tom Bontly for pointing this out to me and 
helping me with a solution. 
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brick-layer has a specific task, one lays down the mortar and 

the other sets the bricks. Is it meaningful to ask which 

brick-layer contributed more to the task of building the 

wall? Since, in this scenario, each brick-layer does not 

make her contribution in a common currency, this question is 

meaningless, The interaction between genes and environments 

is akin to the second brick-laying example whereby the 

contribution the factors make are incommensurable. 

What would it be like for biological traits to be 

decomposable and their relative contributions have a common 

currency? Suppose height were the result of an accumulation 

of height particles whereby both genes and environments 

contributed a certain number of particles to make up a 

person's height. If so, then we could compare the number of 

particles genes and environments contributed to, say, Jane's 

six-foot stature (Sober 1994b, 193) . Getting back to 

innateness, if the term is meant to denote a trait that owes 

a great deal of its structure to genes, and if the 

contributions genes and environments made were commensurable 

in this way (e.g. there are height particles) then innateness 

ascriptions would be helpful in apportioning causal 

responsibility between genes and environments. We could 

determine the relative number of particles genes and 

environments contributed to the trait by elaborating various 

deprivation experiments. Alas, there are no height 

particles; the contributions that genes and environments make 
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to biological traits are not commensurable; it is meaningless 

to ask how much each factor, genes and environments, 

contributed to a trait; innateness cannot be ascribed to 

answering such questions. 

The nature/nuture case is not unique. The distance a 

cannonball travels depends on both the angle of the cannon's 

barrel and the muzzle velocity. But the two factors do not 

make their contributions in a common currency; there is no 

telling how much muzzle velocity and barrel angle contribute 

to the distance the cannonball travels (Sober 197). 

Let us take stock. So far we've determined that 

innateness cannot simply denote traits that develop by the 

action of genes alone. It follows from the truism of genes 

and environments that if innateness is so defined, it has no 

real-world referrent. We refined the definition of 

innateness to get around the problem. This time innateness 

refers to a trait that is mostly genetic, that is, 

environment has little to do with the trait. Yet Lehrman and 

others note that knowing that genes were heavily involved 

does not explain the process that gets from genes to 

behaviors. That is, innateness ascriptions do not explain 

the developmental question: how does an individual come to 

have the traits that it does. We entertained the thought 

that innateness ascriptions are useful in answering the 

question, how much did genes and environments contribute to 

the expression of a biological trait? However, because genes 



and environments do not make their contributions in a common 

currency, the explanatory project of decomposing biological 

traits into their genetic and environmental components is 

meaningless. So, it makes no sense to say of a biological 

trait that it is mostly genetic. For example, it makes no 

sense to say that Jane's height is 91% genetic and only 9% 

environmental. 

So, I conclude that Levins' and Richards' suggestion 

intended to save Lorenz's genetic account of innateness 

fails. 

Does it follow, as Lehrman and his modern-day 

counterparts would have us believe, that the gene/environment 

dichotomy upon which the innate/acquired dichotomy rests is 

unexplanatory? Is there no refinement of the notion of 

innateness that is useful for any field of inquiry? 

Although, as I concluded above, one cannot ask how much genes 

and environments causally contribute to the development of a 

biological trait, there are other ways of apportioning causal 

responsibility between genes and environments- There are 

other explanatory contexts upon which the distinction between 

genes and environments may be useful. If so, the definition 

of innateness may be refined such that invoking the term is 

explanatory. 

1.5 The Difference Question 

Contrast the unanswerable cjuestion, "how much do genes and 



environments contribute to an individual's phenotype?" with 

the answerable question typically asked by quantitative 

geneticist, ^^how much difference do genes and environments 

make in the variation in a trait found in a population of 

individuals?". As part of the quantitative geneticist's 

explanatory project, the difference question is typically 

formulated at the population-level; it concerns the pattern 

of phenotypic variation one sees in a population. Although 

the difference question is typically formulated, among 

quantitative geneticists, at the population-level I will 

argue that the difference question may be formulated at the 

level of the individual as well. First I'll explain how an 

analysis of variance that distinguishes between genetic and 

environmental variation is performed and why ANOVAs are 

useful for various natural selection explanations. Then I'll 

turn to an analysis of how the difference question may be 

formulated to inform development. The main point is that 

innateness ascriptions are meaningful in the context of the 

difference question. I'll offer two distinct ways to define 

innateness, one in the context of the population-level 

difference question, the other in the context of the 

singleton-level difference question. In the next chapter I 

will test specific proposals. 

For an example of how one answers the question about 

differences, a quantitative geneticist might ask, among all 

the cornplants in this field, how much of the variation in 
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height, a quantitative trait, is attributable to genetic 

differences and how much to environmental differences? To 

answer, one performs an analysis of variance (ANOVA) , The 

idea is to fix one condition, genes or a particular 

environmental condition, while allowing the other to vary and 

see whether the arrangement affects differences in the 

pattern of phenotypic variation. 

For example might an investigator grow a particular 

variety of cornplant (all sharing a particular genotype) in 

different environments, say, different amounts of fertilizer. 

The same is done for other cornplant genotypes, checking 

their growth as they develop under the same fertilizer 

conditions as all the other varieties. The information on 

the ANOVA is then used to describe the relative contributions 

that genes and environments make to explaining the pattern of 

variation of the trait in the population covered by the study 

(Sober forthcomingb, 190). For the sake of illustration, 

let's consider four different hypothetical ANOVA outcomes:^ 

El 

E2 

G1 G2 

1 1 

4 4 

(i) 

G1 G2 

El 1 4 

E2 1 4 

(ii) 

G1 G2 

El 1 2 

E2 3 4 

(iii) 

G1 G2 

El 1 3 

E2 2 4 

(iv) 

In outcome (i) going from one genotype to another makes no 

®This discussion is taken from Sober (forthcomingb). 
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difference to height. All the height differences (from one 

segment high to four) is explainable by differences in 

environments (in this case, amount of fertilizer). In 

outcome (ii) the height differences is all explainable by 

differences in genotype. Changing environments has no affect 

on the height for either genotype. In outcome (iii) and 

(iv) , both genetic and environmental differences make a 

difference in height. In outcome (iii) differences in 

genotype provides a one unit difference in height, yet 

differences in environments provides two units of difference 

in height. Here we say that the environmental factor makes 

more of a difference to height than does the genetic factor. 

The opposite is true in outcome (iv). Changing environments 

changes height by one segment, while changing genotypes 

changes height by two segments. Here we say that the genetic 

factor makes more of a difference than the environmental 

factor. 

Why would one be interested in the results of an ANOVA? 

Interests may vary, and investigators have applied the 

results of ANOVA's to support various sorts of conclusions, 

including some that cannot be legitimately drawn from an 

ANOVA (next chapter I will discuss such cases) . For now it 

suffices to say that the results of an ANOVA may be of 

interest for those trying to determine whether selection may 

have (or had) an effect on the changes in the genetic 

composition of a population of individuals possessing the 
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trait in question. Selection operates over traits that may 

be transmittcible genetically (assuming that heredity is not 

Lamarckian). But, not all of the genetic variance is 

responsive to selection. Some interactive affects between 

genes and between genes and environments affect what 

selection can respond to. In the four outcomes we analyzed 

above, notice that changes to height effected by changing 

from G1 to G2 does not depend on which environmental 

condition the plant is grown in. Likewise, changing from El 

to E2 has the same impact on plant height regardless of 

genotype. We say that the effects of gene and environment on 

plant height are "additive" in outcomes (i)-(iv). Height 

differences that are due mostly to genetic differences 

whereby the genetic differences are additive are responsive 

to selection. Let's see what it means for the effects to be 

non-additive, and why only additive genetic variance is 

responsive to selection. 

Consider the following two examples of non-additive 

effects: 

G1 G2 

E14 7 

E2 7 3 

(V) 

In outcome (v) notice that changing from El to E2 increases 



height by four segments for G2, and only 3 segments for G2 

plants. Changing from G1 to G2 increases height by three 

segments for plants in El, but reduces height by four 

segments for plants in E2. We say that the outcome in (v) 

contains some ^*gene and environment interaction" effect. 

So, which plants are responsive to selection? Suppose 

selection operates over height differences in both El and E2 

and favors the taller plant. In (i) the difference in height 

is not responsive to selection because in both environments, 

G1 and G2 plants are the same height. No matter which 

genotype selection favors future populations will still 

exhibit the variation of height that it does in the 

generation represented in (i). In (ii) the difference in 

height is responsive to selection because in either 

environment G2 plants are taller than G1 plants. Selection 

will cause a change in the phenotypic (and genotypic) 

composition of the population. Assuming that parents 

resemble their offspring, the population will eventually 

contain only G2 individuals that are all four segments tall. 

In (iii) and (iv) difference in height is responsive to 

selection. However, notice that if selection favors G2 in 

both cases (as only G2 plants become four units tall) then 

there will always be a variation in height—though not as 

much variation—as height varies for G2 depending on whether 

G2 plants are in El or E2. In (v) height is not responsive 

^°In the next chapter I discuss this in more detail. 
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to selection. Even with selection favoring the tallest 

plant, there will always be the same variation in height and 

variation in genotype. These examples are supposed to 

illustrate the fact that only additive genetic variance is 

responsive to the effects of selection. 

Here we may have a way of making sense of why one might 

be interested in whether a trait is innate. In the context 

of the difference question formulated at the population 

level, innateness might refer somehow to genetic variation. 

Maybe innateness refers to a trait whose analysis of variance 

shows that genetic variation makes for all the phenotypic 

variation in a population. Or maybe innateness refers to, 

for any trait, the difference genetic variation makes to 

phenotypic variation in a population. I'll analyze these 

possibilities further in the next chapter, and I'll discuss a 

related concept, ^^heritability". Notice that if innateness 

denotes a trait whose phenotypic variance is solely due to 

"additive" genetic variance then innateness ascriptions might 

be useful in explaining how selection might have affected the 

phenotypic composition of a population. 

I think an explanation for why certain "adaptive 

behaviors", i.e. why certain behavioral TYPES, are prevalent 

is one of Lorenz's explanda. Natural selection explanations 

are particularily useful for that enterprise.However, 

iiof course, natural selection isn't the only evolutionary force. The 
prevalence of some traits might be due to forces other than that of 
selection. To exclude that possibility, a priori, makes for bad 



several things about Lorenz's approach to answering such 

questions are worth noting. 

First, nowhere in the analysis of variance is the notion 

of "information" used. The unit of analysis in an ANOVA is 

phenotypic variation, not information. If we are to think 

that Lorenz was referring to genetic variation or 

heritability when he invoked the innateness concept, we'll 

either have to dismiss his talk of information or try to 

understand how the notion of information is related to the 

natural selection project. In the next chapter I will argue 

that the notion of ''"'information" is reducible to the notion 

of "variance" and that depending on what sort of question one 

is asking of a trait, variance either refers to genetic 

variance (as a population-concept) or as developmental 

invariance (qua notion of canalization) . 

Second, performing a deprivation experiment is not the 

same thing as performing an ANOVA. The former deprives an 

organism of certain environmental conditions to determine 

whether the behavior requires those conditions for its 

development. ^ ANOVA is a study of the phenotypic 

differences in a population whereby different genotypes are 

tested in identical environments, and identical genotypes are 

empirical science. 
^^Remember early Lorenz thought that the results of a depriviation 
experiment could help one to determine whether environmental conditions 
were at all needed for the development of particular traits. As we saw, 
the truism of the genes and environment render that possibility 
meaningless. 
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tested in different environments. If Lorenz intended to use 

the results of deprivation experiments to support conclusions 

about how selection affected the prevalence of certain 

behaviors, his methodology would be incomplete, his 

experiments unconclusive. 

Yet maybe Lorenz had in mind to apply deprivation 

experiments to a different explanandum (which he thought was 

not distinct) : why do individuals have the trait tokens that 

they do. This is to use deprivation experiments to usher in 

developmental explanations which I have argued is a distinct 

explanatory project. 

In sum: I think Lorenz confused two projects, the 

natural selection explanation of why certain trait types are 

prevalent in populations, and the developmental explanation 

of how individual's come to possess particular trait tokens. 

My main project in this section is to demonstrate that 

innateness can be defined to reflect various answers to the 

difference question. Depending on whether the difference 

question is formulated at the population-level or at a 

singleton case, an innateness ascription might be useful in 

answering a variety of questions about phenotypes. So far 

I've claimed that the difference question is typically 

formulated to ask about population-level phenomenon and that 

the results of an ANOVA are useful to natural selectionists 

in trying to determine which sorts of quantitative features 

are responsive to selection. This is useful if one wants to 
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know about a trait's prevalence. It is also useful if one 

wants to know how selection might affect the pattern of 

variation in the future. If innateness refers to genetic 

variance, or ^^heritability"—a technical term which I will 

define and discuss in the next chapter—then innateness 

ascriptions are explanatory in the context of such natural 

selection explanations. Next I want to show how apportioning 

causal responsibility between genetic and environmental 

differences applies to singleton cases as well. If I can do 

that then we have another context in which innateness 

ascriptions are explanatorily useful: in developmental 

explanations of individual trait tokens. Then maybe I will 

have vindicated Lorenz's use of deprivation experiments and 

innateness ascriptions to inform developmental questions as 

well. But then there remains an open question, does the same 

notion of innateness apply to explanations of both trait 

types and trait tokens? I will leave that question open 

until the next chapter. 

Now I'm claiming that a formulation of the question, how 

much difference do genes and environments make in E? can be 

formulated at the individual level, e.g. how much difference 

do genes and environments make to Jane's height? The 

explanandum concerns phenotypic variance not the pattern of 

variance observed in a population, but rather the 

counterfactual phenotypic variation pertaining to one 

individual. To answer the cjuestion about Jane's height we 
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ask two hypothetical questions: What difference would it make 

to Jane's height had she developed in a different 

environment? What difference would it make to Jane's height 

had she developed with different genes yet the same 

environment? 

Since the difference question about a particular 

individual is based on a counterfactual situation, it is not 

easy to test. However, if the trait in question can be 

cloned, then one may ask about the difference particular 

environmental factors make to a phenotype by placing the 

genetic clones under various environmental conditions. 

Obviously we cannot do this to Jane, but suppose Jane had a 

twin from which she was separated at birth. Anyhow, my point 

is to elaborate how the difference question may be ask of a 

singleton case as in the case of Jane's height or a 

particular cornplant's height. Now, how does this pertain to 

understanding how Jane or the cornplant came to have the 

traits that it does? This is an important question for what 

is at issue between Lorenz and his critics is whether 

attributing behavior to genes reveals anything about 

development. 

Recall that we cannot ask how environments simpliciter 

make their contributions to, say, Jane's height. That's 

because genes and environments do not make their 

contributions in a common currency. However as a species of 

the difference question we can meaningfully ask a distinct 
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yet related question about whether the presence of a 

particular environmental factor makes any difference to the 

phenotype. For illustration consider the following question 

about counterfactual differences to Jane's height: how much 

difference would it make to Jane's height had she consumed 

more fruits and vegetables when she was growing up? The 

answer will reveal itself in the developmental outcome, if an 

environmental factor, say nutrition, has any effect on Jane's 

height, that difference would be clear in the phenotypic 

outcome. Maybe giving her counterfactual twin more fruits 

and vegetables results in a greater height. If not, Jane's 

height would be the same had she not varied her nutrition. 

From this experiment we could legitimately conclude that an 

increased consumption of fruits and vegetables (a particular 

environmental factor) has no effect on Jane's height.The 

question about particular environmental factors is a species 

of the difference question formulated at the level of the 

individual. It asks whether a particular environmental 

factor registers a phenotypic difference given that the 

individual has not varied its genes. The answer to the 

counterfactual questions does not answer any questions about 

the relative causal contribution genes and environments 

simpliciter make to a biological trait token. Rather, it 

asks whether a particular environmental factor has any affect 

^^That is not to say had she consumed less fruits and vegetables she 
would not have the same height that she has. That would be another 
hypothesis to test 



47 

at all on the phenotype. 

Determining whether a particular environmental factor 

makes a difference to the expression of a biological trait is 

the sort of explanatory project to which Lorenz's 

isolation/deprivation experiments usefully contribute. What 

one gets from a deprivation experiment is the answer to the 

question: relative to individuals possessing similar genetic 

structure^^ does a particular environmental factor have any 

effect on the phenotypic outcome? That's not to say, as 

Lorenz sometimes did, that no environmental condition has any 

affect on the phenotype. We know that's not true by the 

truism of the phenotype. All phenotypes depend on some 

particular environmental condition. Why would Lorenz be 

interested in whether a particular environmental factor has 

any effect on the phenotypic outcome? 

Recall that part of Lorenz's project was to pick-out 

certain adaptive behaviors that particular animals exhibit 

even if they had no opportunity to ^^learn" or ^^experience" 

the behavior in the wild. Ethologists are still interested 

in such behaviors. For example, ethologists of bird song 

have discovered, via the use of deprivation experiments, 

various ways in which species-specific birdsong develops in 

different species of birds. Certain birds develop their 

'̂'That genetic structure might constitutes individuals possessing a 
token of a particular gene-type, a token of a particular cluster of 
genotypes, or a whole genome. In chapter four, I will discuss the 
ramifications of varying the unit of analysis when asking developmental 
questions. 



species-specific song regardless of whether or not they hear 

another bird sing that song. Other birds seem to require 

experiencing the song before themselves singing it. Here we 

have a contrast in developmental requirements some birds 

require a specific environmental cue for the development of 

their own song while others do not require that specific 

environmental cue. Lorenz would say that bird song is 

"innate" for the latter, if for a wide-range of environments 

the bird song develops normally. It is "learned" or "derived 

from" if it requires a specific environmental cue for its 

development. Given a particular environmental cue, the 

genetic structure of one sort of bird is such that it does 

not require the environmental cue. The opposite is true for 

the genetic structure of the other bird. 

Why is this sort of experiment of any use to 

ethologists? Developmental ethologists employ the 

deprivation experiment^^ to test a specific hypothesis about 

the contribution of a particular aspect on the environment on 

the development of an individual, or, more specifically, of 

individuals of a certain genetic type (e.g. same species, 

same genotype, etc.). This may or may not have anything to 

do with the determination of whether a trait or category of 

behavior is innate or learned. For some investigators the 

aim is to determine whether (and how) exposure to a 

particular environmental cue contributes to the normal course 

^^Lehrman (1970) calls it a "selective rearing experiment". 
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of development (Johnston 1987) . It follows from the truism 

of phenotypes that this sort of study is required to fully 

understand the development of any biological trait. However, 

an ethologist's aim might be different. Perhaps the aim is 

to determine whether and how the particular trait under study 

is responsive to natural selection. If so, then we can ask 

either etiological questions about how the biological trait 

type became prevalent. Or we can ask questions about the 

maintenance of the biological trait type, for example, for 

breeding purposes. In either case, for a range of 

environments, determining whether the development of a trait 

requires a particular environmental cue might be an important 

first step in telling the natural selection story. I think 

this is what Lorenz had in mind he wanted to present natural 

selection explanations for how certain adaptive behaviors 

became prevalent. 

Obviously, this new way of fomulating "innateness" does 

not come with the air of "universality" that Lorenz's notion 

of innateness was supposed to convey. But remember, the 

truism of the phenotype entails that the phenotype, birdsong, 

is the product of both genes and environments. So it makes 

no sense to call a trait innate simpliciter. Innateness is 

relative to environmental conditions. A trait is more innate 

than another if the former depends on fewer environmental 

conditions than the latter. I will discuss this in much more 

detail in later chapters. For now it suffices that I've 
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Shown that apportioning causal responsibility between genetic 

and environmental differences can be applied to explain 

various features of an individual's phenotype and that 

deprivation experiments are one way of performing the task. 

1.6 Conclusion 

Let me summarize the chapter's key line of reasoning. Lorenz 

proposed in his (1935) articulation of a theory of behavioral 

instincts that the objective of ethologists is to distinguish 

behaviors that are '''^innate" from behaviors that are "learned" 

(or "acquired") from the individual's environs. Lorenz's 

motive is was to open the investigation of certain "adaptive" 

behaviors to evolutionary theorizing and since innate 

behaviors are "genetic" they are open to such investigation. 

This sort of dichotomous thinking, innate/acquired, 

genes/environment, nature/nuture, has exerted a powerful 

influence in many areas of scientific and philosophical 

discourse even though it has been argued since Kuo (1921) and 

generally accepted since Lehrman (1953) that, in particular, 

the gene/environment dichotomy that Lorenz invoked is false. 

Why the insistence among philosophers and scientists alike to 

apeal to a false dichotomy, especially one that misleads the 

public and negatively affects social policy? Are these 

philosophers and scientists just stubborn and dogmatic? Or, 

is there something to the dichotomy worth preserving albeit 

incorrect in its current incantation? 
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At the core of Konrad Lorenz's theory of instinctual 

behavior is lies a controversial dichotomy between innate 

and acquired traits. Ever since Daniel Lehrman's (1953) 

critique of Lorenz, it is commonly said that the dichotomy 

has been shown to be false and the notion of innateness 

rendered meaningless. Some critics have suggested that the 

term "innateness" ought to be eliminated from scientific 

discourse. I think Lehman's own arguments at best 

demonstrate a reason for amending the definition of 

innateness, not eliminating it. However, there have been 

other arguments presented since Lehrman that demonstrate, 

more powerfully, that there are certain questions that innate 

ascriptions were meant to answer about the causal 

contributions genes and environments make in a trait are 

meaningless (hence innate ascriptions that are invoked in 

such explanatory contexts are likewise meaningless). 

However, eliminitivism does not follow from these arguments 

either. There are other explanatory contexts upon which 

innate ascriptions, reformulated accordingly, are perfectly 

sensible and explanatory. I take it that much of what Lorenz 

said in response to Lehrman's critique can be viewed as a 

first attempt to establish the proper explanatory context 

upon which innate ascriptions are meaningfully invoked. But 

as with many first attempts, Lorenz's arguments are flawed 

and need the sort of fixing that one, with a bit of 

hindsight, can now provide. Much of this chapter was a 
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revisit of the exchange between Lorenz and Lehrman from the 

perspective of a broader debate concerning how biologists 

(including ethologists, developmental biologists, and 

evolutionary theorists) apportion causal responsibility 

between genes and environments. Along the way, I paused at a 

particularly interesting exchange between Lorenz and Lehrman 

on the nature and limits of natural selection. Such issues 

are still hotly debated today, and Lorenz and Lehrman's 

contributions are timely. 

It remains for us to evaluate specific proposals for the 

biological definition of innateness. So far I've suggested 

that the innate/acquired distinction might be useful to 

explain either population-level or individual-level 

phenotypic differences. I've yet to discuss if there is an 

overall notion of innateness that might fill either bill. In 

the literature we often see innateness defined in terms of 

^^heritability" a term that refers to a component of an ANOVA, 

Lorenz defined innateness in tems of ^^information". Both 

Lewontin and Sober seem to favor defining innateness in terms 

of ^^norms of reaction". Wimsatt defines innateness in terms 

of '^generative entrenchment". Stich advances a Cartesian 

approach to define innateness. These are some of our 

candidate proposals. What they all have in common (as we 

shall see) is that they define innateness in a way that is 

consistent with the truism of the phenotype. None of these 

proposals supposes, as Lorenz naively did in 1935, that 
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innateness means that a trait is solely the result of genetic 

causes. 



CHAPTER TWO 

What Innateness Is Not 

2.Q Introduction 

As I discussed in the previous chapter, it follows from the 

truism about genes and environments that to ask whether genes 

alone caused a particular phenotype to develop generates 

false answers. However, we may ask a related question: how 

much of the phenotypic differences in a population of 

organisms is explainable by genetic differences and how much 

is explainable by environmental differences? In the last 

chapter I distinguished two ways to construe this question 

about phenotypic differences: as a question about population-

level differences and as a question about individual 

phenotypic differences. In this chapter I exploit this 

distinction to organize an evaluation of specific innateness 

accounts. What makes these proposals worth considering is 

that they allow us to talk about genetic factors of a trait 

in a way that isn't falsified by the truism of the phenotype. 

We will evaluate the proposals on the basis of a set of 

desiderata influenced by what is fairly uncontroversial about 

Lorenz's theory of instincts. From Lorenz's work one can 

highlight a number of rough characteristics or diagnostic 

features that may serve as guidelines for a reformulated 

definition of innateness. The following are a sample: 
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(a) iia ontogeny: One important aim of ethology is to explain 

how individual organisms come to develop the traits they do. 

For Lorenz, innateness ascriptions contribute to the 

determination of the significant factors that enter into the 

development of some traits. As we saw, the deprivation 

experiment is useful in determining whether or not a 

particular environmental factor plays a causal role in the 

development of the trait in question. 

(b) Innateness as an environmentally stable trait: Innateness 

seems to have something to do with what environment does not 

do to influence development in an individual. Evidence from 

isolation-rearing experiments and observations in the wild 

suggest that some traits develop normally in a range of 

environments, including impoverished and non-normal ones. In 

such cases, the environment does not prevent the trait from 

being manifested. Ethologists since Lorenz sometimes 

associate innateness with environmentally stable, as opposed 

to labile, traits (Hinde 1982, 86). 

(c) Innateness as a product of natural selection: Recall 

that Lorenz was interested in invoking natural selection to 

explain the prevalence of certain highly adaptive species-

specific traits. For example, he was interested in how 

selection might explain the prevalence of ducklings that 
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display courtship behavior without any need of actually 

experiencing other duckling displaying that behavior. This 

project seems promising even though it is an open question 

whether all and only such traits are explainable via natural 

selection. 

Here is a roadmap for navigating the discussions in this 

chapter. First, I consider various proposals stemming from 

the population-level question about differences, all related 

to the quantitative geneticist's use of the ANOVA. In the 

last chapter I said that the ANOVA is typically used to 

answer questions about phenotypic variation in the 

population, but I did not consider whether or not such 

concepts can be applied to answering questions about 

individual phenotypic differences. There is an extensive 

literature that purports to be a part of developmental 

genetics that applies the results of ANOVAs to drive 

conclusions about individual traits. These theorists tend to 

equate ^^innateness" with ^^heritability"—a statistical 

measure of the proportion of phenotypic variation that is due 

to genetic variation. I evaluate this proposal and another 

one that equates "innateness" with "flat norm of reaction 

curves". I find both proposals to be flawed when evaluated 

more closely with the set of desiderata as our guide. To 

make my arguments convincing it behooves me to present a 

brief primer on quantitative genetics to clarify the meaning 
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of '^heritability" and "norms of reaction".^® First, I begin 

with Michael Levin's accoiont of innate trait types. 

2.1 Levin's Account of Innateness 

Levin proposes to define innateness in terms of his model for 

genetic causation. However on his account there is a 

distinction between "genetic traits" and "innate traits". 

The latter is identical to his concept of "naturalness".^'' 

Although Levin professes to agree with the critic of gene 

action that it takes both genes and environments to produce a 

phenotype. Levin demonstrates his underestimation of the 

gene/environment truism when he proposes the following 

definition of genetic traits: "what people appear to mean by 

calling a trait of an organism "genetic" or saying it is "in 

the genes" is that the trait will be displayed in all 

environments" (1994, my itallics). If Levin were to take the 

truism of genes and environments seriously he would realize 

that no trait will be displayed in all environments. As we 

know from basic biology and from common sense, certain 

environments are essential to the development of biological 

traits, otherwise the organism merely dies or the trait 

malforms or the trait fails to form. Levin thinks that 

primer is an amalgamation of three texts or essays. Sober 
(forthcominga), Falconer (1986), and Griffiths et al. (1986). 
^^Although it isn't clear from the text that Levin had that consequence 
in mind. 
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carnivory is in lions' genes because all lions are 

carnivorous. Are dead lions carnivorous? Is it 

inconceivable that a (freak) developmental process could 

alter the nutrition requirements of lions (genetically 

equivalent to a carnivorous one) such that the endstate is a 

vegetarian lion? 

Levin offers a definition of ^^innateness" that stands apart 

from his misleading views of genetic causation. Levin and I 

share the view that innateness does not simply mean "in the 

genes" (see the last chapter for my evaluation of Levin's 

concept of "'^in the genes"). Unfortunately, what Levin's does 

take innateness to mean is not at all conducive to the 

standard accounts. That wouldn't be so bad except that we 

cannot apply Levin's notion of "'^innateness" to ask the 

standard questions that ethologists typically ask of innate 

traits. 

According to Levin, "a trait is innate if it appears, not in 

all environments, but in all environments like those in which 

the organisms that display it evolved" (1994, my itallics). 

By this account, ''^Puberty is innate even if baby boys lack 

beards and even if hormonal imbalances sometimes keep puberty 

from arriving on schedule. High school French is not innate, 

since it did not appear as an adaptation when mankind was 

evolving" (p. 58). 
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Notice right off that there is an inconsistency between 

Levin's formal definition of innateness in which he invokes 

"evolution" and the example he gives of a non-innate trait 

where the determining factor is that high school French is 

not an "adaptation". Having evolved and being an adaptation 

aren't one and the same thing. Natural selection is one way 

for a trait to evolve, but there are others, including (but 

not exclusively) random genetic drift whereby mutations that 

confer no fitness advantage to its possessors sweep a 

population and cause phenotypic change. Random genetic drift 

is a particularly effective evolutionary force when the 

population of organisms undergoing evolution generation after 

generation is small. 

For the sake of argument let us assume that Levin has merely 

overlooked this fact about the many forces of evolution. I 

will assume that Levin meant to invoke selection when he said 

"evolution" in his definition of innateness. 

Nevertheless if we are to take seriously the explanatory 

projects in which "innateness" is typically invoked among 

geneticists and ethologists. Levin's condition, "appearing as 

an adaptation" is neither a necessary nor a sufficient 

condition for a trait to be innate. 
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I take it as (at least) intuitive and (at best) not at all 

inconsistent with standard practice to attribute some non-

adaptive traits as innate. Taking the paradigm example of a 

non-adaptive trait, chinshape (see Gould and Lewontin), it is 

still an open question of whether chinshape is innate or not. 

If you do not like that example, consider ^^junk DMA". Isn't 

it an open question whether the appearance of junk DNA is an 

innate feature? If so, being an adaptation is not a 

necessary condition for a trait to be innate. I take it that 

even for Lorenz, innateness ascriptions contribute to the 

determination of the significant factors that enters into the 

development of some traits. The question of whether the 

trait is an adaptation does not enter into the picture. 

Being an adaptation is not a sufficient condition for 

innateness either. The reason is that innateness is a 

property of development. If Levin was to deny this, then how 

are we to make sense of the seemingly valid question, "when 

does selection favor innate traits over learned (or acquired) 

ones? What does the question have to do with the sufficiency 

of adapations? Knowing that a trait is an adaptation 

(product of natural selection) says nothing about how the 

trait has come to develop. For example, suppose (it 

certainly is conceivable that) that French did appear as an 

adaptation when mankind was evolving. That is to say that 

French-speaking ancestors enjoyed reproductive success (after 
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all/ french is the language of love) compared to conspecifics 

in the population (say, German speakers). For French-

speaking to figure in the evolutionary story all that is 

required is that the offspring of French speakers themselves 

could speak French.^® On this natural selection story it is 

left open as to how an individual manifests its French-

speaking trait. The natural selection story applies equally 

well if it was the case that speaking French is an ^"innate" 

trait, or if speaking French is a learned trait. Albeit, the 

natural selection story just told could be modified such that 

there is some advantage for individuals that have French 

^^innately" (e.g. suppose the time it takes to go through all 

of Levin's high school textbooks presents a selective 

disadvantage to "innate" speakers) . But even on that story 

we presuppose that "innateness" (whatever that means) is a 

property of ontogeny, not necessarily a product of natural 

selection. 

2.2 Heritabilif-y 

In the last chapter I explained the rudiments of an ANOVA. 

Let's consider a few other important features of ANOVA here: 

G1 G2 G3 .... Gm 

El xll xl2 xl3 ... xlm xl. 

^®That is to say that French is a heritable trait. A trait is heritable 
if parents resemble their offspring to a greater average degree than 
they resemble another member of the population picked at random. 
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E2 x21 x22 x23 ... x2in x2. 

•  •  •  • • • • •  •  

•  •  «  • • • » •  •  

En xnl xn2 xn3 . . . xnxn xn. 

x.l X.2 X.3 ... x.m M 

In this presentation I've included two new variables. The 

variables written along the verticle and horizontal margins 

are called, "marginal averages". They represent phenotypic 

averages. The verticle marginal averages represent the 

average phenotypes for individuals experiencing the same 

environment but different genes. The horizontal marginal 

averages represent the average phenotypes for individuals 

experiencing different environments but same genes. The "M" 

represents the "grand mean" or the average phenotype for all 

entries. 

A quick note on each individual cell. Each entry might 

represent the phenotypic score of a single individual, or the 

average phenotypic score for a population of individuals 

each raised under the same conditions (same genes, same 

environment). A geneticist might represent population 

phenotypic averages instead of the phenotypic scores of 

individuals to account for "developmental noise" or 

phenotypic differences that are due to random pertubations in 

cellular division. 

Quantitative geneticists are interested in accounting 
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for the "spread" of the phenotypic differences one sees in 

the population. Suppose that instead of an ANOVA, we provide 

a histogram of the phenotypic score of all individual 

members—^normalizing to ensure that the phenotypic scores can 

be presented as a continuous curve. 

The measure of spread is the "variance", the mean of the 

squared deviation of the population mean. From the information 

in the ANOVA, variance is computed by finding the difference 

between each xi j and the grand mean (M), squaring the 

difference and computing the average across all of the squared 

differences. 

Recall from the last chapter, an appropriate question 

concerning the phenotypic differences is: how much of the 

phenotypic differences (variance) is due to genetic differences 

(variance) and how much is due to environmental differences 

(variance)? In a simplified account phenotypic variance (Vp) 

decomposes into two components, genetic variance (Vg) and 

environmental variance (Ve): 

Vp = Vg + Ve 

There are important qualifications to this equation. The 

^^Falconer (1981, 106) claims that the frequency distributions of most 
metric characters approximate normal curves. Sometimes, however, 
statistical "tricks" are employed to normalize the curve for the 
appropriate study. For exair^sle, a skewed curve may be normalized by 
measuring phenotypes in logarithmic units instead of plotting the 
phenotypic score directly (e.g. number of eyefacets). 
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equation does not account for either gene/environment 

correlation or interaction. I discuss both of these 

qualifications a bit later. 

To compute Vp from an ANOVA one finds the difference 

between the phenotypic value registered in each cell (xij) and 

the *^grand mean", squares the difference, and then computes the 

average of the differences. Vg and Ve are computed in terms 

of how much the marginal averages vary from the grand mean. 

Ideally, Vg reflects the genetically inherited properties 

of a population. If so, computing the proportion of phenotypic 

variance that is due to genetic variance would be useful from 

the standpoint of defining innateness. The value associated 

with this proportion is called or "heritability in the broad 

sense": 

h2= yg/vp 

For illustration, consider the typical test for heritability 

depicted in figure 1. 

The curves represent the phenotypic distribution of some 

quantitative character, e.g. bristle number in Drosophila. 

Members of the population from both extremes in the 

distribution are mated with their own kind. Their offspring 

are raised in a common environment. If there is an average 

difference in the phenotypic distributions of the offspring 



Same y 
environment \ 

Heritable 

or 

Not heritable 

FIGURE 1: TYPICAL TEST FOR HERITABILITY 
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populations, e.g. the averages are shifted to reflect the 

extremes in the parental generations, then the trait is said 

to be heritable (1 >= > 0). That is, the phenotypic 

differences in the population are in part explainable by 

genetic differences among members of the population. 

In the second case the offspring distribution exhibits 

no average differences, hence = 0. That is, all of the 

phenotypic variance is contributed to the environmental 

variance (Ve) and none to the genetic variance (Vg). In the 

first case there was a difference in the offsprings' average 

phenotypic distributions, hence > 0 (in the extreme, = 

1). That is to say, a significant fraction of the phenotypic 

variance was due to genetic variance. 

It might seem as though a plausible account of 

innateness would define innateness in terms of high 

heritabilty: a trait is innate if and only if it is highly 

heritable. Accordingly, whether or not a trait is innate 

depends on how much an effect genetic differences have on 

phenotypic differences in a population of individuals. Right 

off, since heritability is a matter of degree (H^ ranges from 

0 to 1 inclusively), the proposal suffers from a bit of 

vagueness, i.e. at what point is a heritable trait highly 

heritable? But, vagueness may be a consequence of any 

account trying to get around the truism of the phenotype. 

Since every trait depends on both genes and environment for 

its development, the distinction between a phenotype (trait) 
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whose variance is mostly affected by genetic differences and 

a phenotype whose variance is mostly affected by 

environmental differences is a matter of degree. To reflect 

this in the proposal: a trait is innate ho c;nch-and-surh a 

degree if and only if the trait is heritable to thp> same 

degree. Vagueness aside, the proposal benefits in that one 

can estimate heritability of traits in natural populations, 

even human ones. 

A typical test for heritability for some quantative 

character in human populations, e.g. height, is to rely on 

studies of identical twins separated at birth and raised in 

different environments. Identical or monozygotic twins have 

identical genes, so Vg (mono-twin) = 0. Thus, if twins are 

raised apart, phenotypic differences between twins are 

explained solely by environmental differences: Vp (mono-twin) 

= Ve (mono-twin) . Notice that this is true only if we grant 

several key assumptions about gene and gene-environment 

interactions (see Sober (forthcomingb)) . Suppose that twins 

reared apart live in environments as varied as any two 

randomly selected individuals from the general population, 

that is, Ve (mono-twin) = Ve. Then, Vp = Vg -t-Ve (mono-twin) . 

After some combining, we get the useful result that the 

genetic variance of the population as a whole can be measured 

by observations of the phenotypic variance between members of 

the general population and phenotypic variance between the 

twins: Va = Vp - Vp (mono-twin) . Heritability is large if 
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twins are more similar to each other with respect to the 

trait in question than are two randomly-picked individuals 

from the general population: = (Vp - Vp (mono-twin) Wvp. 

Unfortunately complications in measuring heritability 

arise. The equation for Vp shown above is an 

oversimplification. There are at least two reasons why a 

heritability may be over or underestimated. 

First, if genotypes are not distributed randomly across 

environments, covariance between genes and environment will 

be hidden in the variances measured. Suppose that a set of 

genes influences musical talent. Parents with those genes 

may themselves be musicians who are inclined to provide a 

musical environment for their children. Those children will 

possess both the genes and the environment that enhance 

musical ability. The covariance between musical genes and 

musical environments—^higher valued genotypes tend to live in 

higher-valued environments—^boosts the phenotypic variance 

for musical ability and hence provides erroneous estimates of 

the heritability of musical ability (Griffiths et. al. 1986, 

721). Taking into account gene/environment covariance, we 

rewrite the equation for Vp: 

Vp = Vg + Ve + cov 

The covariance term is a number between -1 and +1 that 

adjusts the final Vp score accordingly. 
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The second complication arises from an implicit 

assumption that environmental differences have the same 

effect on the different genotypes. If this assumption fails 

we need to adjust for gene-environment interaction in the 

equation for Vp. We've discussed this complication in the 

last chapter. For another illustration, in figure 2 we see 

seven different varieties (genotypes) of Achillea plants that 

are grown in low, medium, and high elevations. Among 

varieties planted at the same elevation, height differences 

correspond to genetic differences for each variety was 

planted in a common soil and (presumably) at the same time. 

So, among varieties planted at the same level, height is 

highly heritable, hence, if the proposal is sound, the 

differences in height are innate. Notice, however, that each 

variety of plant reacts differently to being planted in 

different environments. Variety 1 is tallest among the 

varieties planted at high elevation yet shortest among the 

varities planted at medium elevation. So, environmental 

differences affect height differences after all. A 

heritability estimate taken for plantings at one elevation 

will fail to account for the fact that environmental 

differences affect each genotype differently; hence the 

estimate will be erroneously high. To reflect the 



High elevation 
t50 

Medium elevation 

Low elevation 

1 2 3 4 5 6 
Parental plant (source of cuttings) 

2: VARIATIONS OF ACHILLEA PLANTED AT DIFFERENT 

ELEVATIONS 
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interaction effect, we rewrite the equation for Vp once 

again: 

Vp = Vg + Ve + cov + I 

The Achillea example illustrates a practical difficulty for 

heritability estimates in natural populations: heritabilities 

vary with the environments in which they are measured. 

Consec[uently, heritability estimates are relativized to the 

environments from which they are sampled. This affects our 

heritabilty account of innateness accordingly: a trait is 

innate to such-and-such a degree in a given environment if 

and only if the trait is heritable to such-and-such a degree 

in that environment. 

The complications mentioned here wreck havoc on the 

practice of estimating heritability in natural populations. 

Uncareful heritability estimates may poorly reflect the truth 

about the difference that genetic variation makes to 

phenotypic variance. 

Another complication concerns the application of the 

account of innateness to a natural selection explanation of the 

prevalence (or maintenance) of "^highly innate" traits. If Vg 

did in fact accurately reflect the genetically inherited 

2°Lewontin (1974) calls this the "locality" condition. 
2iciaiitis about the innateness of intelligence based upon heritability 
studies are particularly prone to faulty estimates. See the furor over 
Murray and Hernnstein's The Bell Curve, e.g. Block (1995) . 
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properties of a population, then information about the h2 in a 

population would be useful for natural selection explanations 

for the prevalence of certain traits because, as a 

representation of the inherited properties of a population, a 

trait with a high score will be highly responsive to 

selection. 

Unfortunately, Vg does not always reflect the cause of 

resemblance between parents and their offspring and thus 

phenotypes with a high value are not necessarily responsive 

to selection. This jeopardizes the account of innateness as 

high heritability since one of the desiderata of an adequate 

account is to take seriously the use of natural selection to 

explain innate traits. The reason why Vg does not necessarily 

reflect the genetic properties of a population is that the 

value glosses over some particular effects of genetic 

interactions resulting from the fact that parents pass on their 

genes (and not their genotypes) to be recombined in the zygote. 

Before I explain further, the components that make up Vg are as 

follows: 

Vg = Va + Vd 

Vg is the ""^total genetic variance", Va is called the "additive 

genetic variance", and Vd represents "dominance genetic 

variance". As I will demonstrate, for the sake of determining 
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whether a phenotypic trait is responsive to selection, Va 

(otherwise known as "the breeding value") is the important 

measure and h^ or "heritability in the narrow sense" is the 

important ratio; 

h2 = Va/Vp 

Suppose that height is influenced by two alleles, a and A, that 

segregate at one locus.22 There are three possible genotypes 

that might result from combining the genes passed down from 

either parent: aa and AA are called the "homozygotes" and Aa is 

called the '^heterozygote"- If the heterozygote score is 

exactly intermediate between the two homozygotes, then the 

genetic variation the population is all additive (Vg = Va) 

If the genetic variance is all additive then the variance one 

sees is the result of substituting a alleles for A alleles or 

vice versa. However, if the heterozygote score is not exactly 

intermediate between the two homozygotes, then some of the 

genetic variance is due to dominance variance. That is, 

dominance variance is all the genetic variation that is not 

^^The following discussion is taken from Griffiths et. al. (1993, 728). 
Falconer (1981, chapter 8) also has a coherent discussion of the 
con^onents of Vg. 
^^This is not the same "additive" relationship discussed in the last 
chapter (and above). There, "additivity" referred to a special 
relationship between genes and environments (outside the skin of the 
organism)• Here "additivity" concerns the relationship between genes on 
a chromosome. For sin^licity sake, I leave out a discussion of a 
special type of "dominance" relationship called "epistasis". Variation 
due to epistasis concerns interactions between genes on separate loci. 
See Falconer for a good discussion. 
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explained by the average effect of substituting A for a. To 

illustrate dominance (in this case "overdominance" whereby the 

heterozygote score is outside the range of the homozygotes) and 

to see why only additive genetic variance is responsive to 

selection, consider the following population of individuals, 

their mean phenotypes (in height units) and the frequency of 

the three genotypes in the population: 

Ai2 M 

Phenotype 10 12 10 

Frequency 0.25 0.5 0.25 

There is genetic variance in the population as the phenotypic 

mean is different for the different genotypes. If some of the 

genetic variance were due to additive variance (Va) then it 

would be the case that the ^^additive effect" of substituting 

one allele for another would account for some of the variance. 

But that is not the case in this example. To calculate the 

"average effect" of substituting one allele for another one 

counts the number of a and A alleles in the population (talcing 

into account their frequency in the population) and multiplies 

them by the height score. So, the average affect of the a and 

A alleles are as follows: 

average effect of a = 2(0.25) (10) + 1 (0.5) (12) 

2(0.25) + 1(0.5) 
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= 11 units of height 

average effect of A = 2(0.25) (10) + 1(0.51 (12) 

2(0.25) + 1(0.5) 

= 11 units of height 

The average effect of substituting A alleles for a alleles 

results in NO difference in the phenotypic score for each has 

an average affect of 11 units or height. None of the genetic 

variance in the population is due to additive genetic variance. 

Suppose a breeder wished to increase the average height of 

her stock by breeding the largest organisms with each other. 

Suppose the genetic and phenotypic frequencies are exactly like 

the one shown above—all the genetic variance is due to 

dominance variance, then her selection procedure will be 

totally ineffective. The tallest individuals are the 

heterozygotes. When breeded together the result is exactly the 

same genetic and phenotypic distribution that she had from the 

start. This is a case in which ^^genes get in the way of 

selection". 

The lesson learned here is that if an adequate account of 

innateness has it that innate traits are responsive to 

selection, then innateness is not or heritability in the 

broad sense. Rather, innateness is h^, heritability in the 

narrow sense whereby all the genetic variance is additive 

genetic variance. 
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2.3 Criticism of the Heritability Acc^onnh 

Now I' 11 turn to substantive problems with the proposal to 

define innateness in terms of h^. Given what ethologists 

characterize as paradigm examples of innateness, high 

heritability (in the narrow sense) is neither a necessary nor 

a sufficient condition for innateness. 

I'll start with sufficiency. Recall that ethologists 

believe that a distinguishing feature of an innate trait is 

its environmental stability. Innate traits tend to be 

expressed in a wide range of environments. If the definition 

in terms of high heritability is to capture these features of 

innateness, highly heritable traits should turn out to be 

environmentally stable. But this need not be the case. 

Griffiths et. al (1993) asks us to consider the results of 

adoption studies in which children are separated in their 

infancy from their biological parents and raised by adoptive 

parents. Three characteristics are common to many of these 

studies: "First, adopting parents generally have higher IQ 

scores than the biological parents. Second, the adopted 

children have higher IQ scores than their biological parents. 

Third, the adopted children show a higher correlation of IQ 

scores with their biological parents than with their adoptive 

families" (p. 724). To capture these generalizations, 

Griffiths et. al. presents a hypothetical data set: 
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Biological parg;nts 

parents 

Children Adoptive 

90 

92 

94 

96 

98 

100 

114 

116 

118 

120 

115 

110 

112 

110 

120 

112 

11£ 

115 

118 

114 

Mean 95 

Here IQ scores between children and their biological parents 

are perfectly correlated; reading from top to bottom there is 

a 2 point step-up for the IQ scores of both children and 

biological parents. Further, the scores are not at all 

correlated between children and adoptive parents. Perfect 

correlation between children and biological parents and non-

correlation between children and adoptive parents entails 

that h^ = 1; all of the IQ variation among children is due to 

variation among the biological parents.But: (i) the mean 

IQ score of children is identical to that of their adoptive 

parents, and (ii) the mean in both is twenty points higher 

than that of biological parents. This suggests that 

environmental conditions (manifested in the IQ scores of the 

adoptive parents) has some effect on a child's IQ score. So 

while IQ is highly heritable, it is nonetheless 

2^See Griffiths et. al. (1993) for an explanation for this. For a hint, 
heritability studies among relatives measure the ratio of the genetic 
correlation—the chance that two relatives share an identical allele— 
between relatives over their phenotypic correlations. 
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environmentally plastic. This example shows that high 

heritability is not a sufficient condition for innateness. 

High heritability is also unnecessary for innateness. 

Consider what might be considered a paradigm human 

adaptation, the possession of opposable thumbs. The 

possession of opposable thumbs is so successful an adaptation 

that all "normal" humans possess human thumbs; it has nearly 

gone to fixation in human populations. Further, human thumbs 

are environmentally stable traits; like the structure of many 

limbs and digits, opposable thumbs develop in a wide range of 

viable environments. But, it turns out, depending on the 

population under analysis in the heritability estimate, the 

possession of thumbs is not necessarily highly heritable. To 

see why, recall that high heritability is defined as a ratio 

that reflects the total amount of phenotypic variation that 

is due to genetic variation (Vg/Vp) . But, for human 

populations in which the possession of opposable thumbs is 

100%, there is no variation. Hence for most human 

populations, heritability is undefined as the denominator in 

the H^ ratio is 0. Now, suppose we enlarge our population to 

include one or two individual humans lacking opposable 

thumbs. Now there is phenotypic variation in the population, 

so heritability is at least definable. But consider a case 

in which the individuals lacking opposable thumbs do so 

because their mothers took particular drugs during pregnancy 

that disrupted fetal development. Because the variation in 
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the population is due to environmental differences, 

heritability will be very low: hence on the proposal that 

innateness is high heritability, the possession of opposable 

thumbs is in this case (counter-intuitively) not innate. 

To diagnose the problem with the proposed definition 

further, innateness ascriptions are supposed to tell us 

something about the development of a trait in the individual 

(see the ontogeny condition above). However, heritability 

measurements tells us no such thing. Heritability is a 

measure of the variation of traits in a population; it does 

not explain why individual members of a population have the 

traits they do (Sober forthcomingb). For example, if one 

were to determine that height in humans is 60% heritable, it 

follows that 60% of the differences in height one sees among 

humans can be associated with genetic differences among them. 

It does not follow that 60% of an individual's height (say, 

from mid-thigh up) is due to genes, the rest to environment. 

The heritability estimate provides no information about how 

genes and environment interact to express height in an 

individual. 

Another way to see the same point is to consider the 

difference between biochemical notions of additivity and 

dominance and the notion of genetic additive variance and 

dominance variance. The former two terms refer to facts 

about gene action in the development of an individual, the 

latter are statistical properties of populations. Without 
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genetic variation among individuals there can be no Va, Vd. 

However that does not preclude the fact that gene action 

takes place for the expression of phenotypes in an 

individual. 

2.4 Norms of reaction 

Is there a different concept in genetics that may fare better 

than the high heritability account? Here we'll consider the 

merits of defining innateness as a flat norm of reaction for 

a given genotype. A norm of reaction for a genotype is a 

graph of the pattern of phenotypes produced by a given 

genotype under a range of environmental conditions (Griffith 

et. al. 1993/ 794) . As is the case for deteriming 

heritability, the information for a norm of reaction is 

obtained from an ANOVA. However, there is an important 

difference between heritability and norms of reaction. 

Heritability is a sxammary statistic for the whole of variance 

in the population—it reduces the information from an ANOVA 

into a single number (Sober 1994b, 21). That's why 

heritability does not provide much information about how 

changing environments affects particular environments. A 

norm of reaction, on the other hand, is a graphical 

representation on the effect of environmental change on a 

genotype. That information is obtained from a single column 

in an ANOVA. 

For illustration. Figure 3 depicts the norms of reaction 



81 

for height of seven varieties of Achillea expresses across 

all three elevations. 

The graph shows that some varieties withstand 

environmental changes better than others. In particular, 

variety 6 plants are less sensitive to environmental changes 

than their conspecifics• They express a consistent height 

regardless of the elevation of their planting- This fact is 

represented by the flat norm of reaction line associate with 

the genotype. In general, a flat norm of reaction for a 

particular genotype indicates that the genotype produces the 

same phenotype across a range of (viable) environments. 

We thus have the following proposal: a trait is innate 

foe a genotype within a particular environmental range if and 

only if its norm of reaction is flat across the range of 

environments specified. 

Two points are worth mentioning here about the proposed 

definition. First, notice that innateness on this proposal 

is relative to particular genotypes. For example, we do not 

say that a trait, e.g. a particular height, is innate 

simpliciter for Achillea plants. This comports well with the 

evidence presented in the graph. Only variety 6 plants grow 

to the same height in all three elevations. Other varieties 

are more sensitive to environmental conditions. Likewise in 

mallard ducks, it may turn out that only certain genotypes 

express courtship behavior across a range of relevant 



30 1400 3000 

Elevation (m) 

FIGURE 3: NORM OF REACTION FOR SEVEN VARIETIES OF ACHILLEA 
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environments; other genotypes may express courtship behavior 

only in particular environments. On the flat norm of 

reaction account we would say that courtship behavior is 

innate for only those genotypes that express courtship 

behavior in a relevant range of environments. 

Second, norms of reaction are relativized to a specified 

range of environments. Consequently, it would be wrong to 

extrapolate from the Achillea graph that variety 6 plants 

innate (i.e. produce flat norms of reaction) across, say, all 

"normal" environments for that variety. It may be that air 

quality, elevation, or any number of other environmental 

conditions would produce non-flat norms of reaction curves 

for the same genotypes. One way around this problem is to 

relativize the innateness proposal accordingly; a trait is 

innate for a given aenohype for a specifiable range of 

environmental conditions. 

One may complain that this allows rather trivial 

ascriptions; if we specify a very narrow range of 

environmental conditions, just about any phenotype is innate 

for a particular genotype. It will turn out that a height of 

50 cm is innate for variety 1 genotypes planted at 30 meters, 

or a height range of 52-llcm is innate for all varieties of 

Achillea planted in elevations ranging from 30m to 3000m. 

But, notice that these ascriptions aren't trivial; they fit 

the empirical evidence. Besides, one may find it useful to 

determine the range of heights that Achillea plants (all 
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varieties) are innately (i.e. producing flat norms of 

reaction for) fixed. I propose to let biological practice 

determine the sorts of ranges that make this sort of 

innateness ascription worthwhile. Obviously, the fact that a 

height of 50 cm is innate for variety 1 genotypes at 30 

meters elevation won't interest many biologists, but maybe 

knowing that a height of 30 cm is innate for variety 6 

genotypes across a large range of elevations is. Further, if 

one is interested in how natural selection influences the 

prevalence of certain heights, then it might be useful to 

know that for variety 6 Achillea plants 30 cm is innate 

across elevations that Achillea plants have been found in 

past selective regimes (environments whereby selection was 

operating over Achillea plant heights). 

The flat norm of reaction account of innateness has 

merit. Significantly, it captures the ethologist's intuition 

that innate traits are ones that are environmentally stable 

rather than labile. Unfortunately, problems plague the 

account. First, a flat norm of reaction such as the one 

shown in figure 4 depicts the pattern of adult phenotypes 

produced by a given genotype under a range of environmental 

conditions that are fixed throughout the course of 

development. What's missing is the possible effect a 

fluctuating environment during the course of development has 

on the phenotype in question. That is, what is needed is to 
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FIGURE 4: A TYPICAL NORM OF REACTION GRAPH 



plot individual life histories across a variety of 

environmental conditions, not norms of reactions. For 

exairaple, from the figure we have no idea how fluctuating 

temperature throughout development affects body size for each 

genotype. In short, a flat norm of reaction can mislead one 

to conclude wrongly that a trait is stable for a genotype 

when in fact it isn't. Therefore, flat norms of reactions 

are insufficient to determine innateness if innateness 

ascriptions are supposed to inform ontogeny. 

The second problem is that flat norms of reaction are 

properties of populations, whereas innateness is supposed to 

be a matter of an individual's ontogeny. A flat reaction 

norm is a measure of the average phenotypic scores for all 

individuals possessing an instance of the genotype. (More 

precisely, the norm of reaction is a best fitting regression 

line—the least squares line for all individual scores 

measured.) Phenotypic scores of individual members of the 

population are represented as dots on the graph, as shown in 

the figure. Na individual member is represented by the 

regression line. Notice the scatter of dots around the 

regression lines. The difference between the reaction norm 

and the individual phenotypic score is what geneticists call 

"developmental noise" which indicates that there are 

differences in how each individual develops. The point here 

is that the reaction line does not represent the development 
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of any particular member of the population; the dots do. It 

would be a category mistake to say that innateness qua 

property of an individual is defined as a flat reaction norm 

qua property of a population. Therefore, flat norms of 

reaction do not define innateness. 

Supporters of the norm of reaction concept will no doubt 

note that norms of reactions that plot individual histories 

as prescribed are possible (yet unstandard in usage). 

However, to plot individual life-histories is not to provide 

a norm of reaction as it is derived from an ANOVA. In the 

next section I will discuss norms of reaction of a single 

individual's genome. 
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CHAPTF.R THREE 

Whar. Innatenpfis Is: The Canalization Account: 

The paths of change are, as I have said elsewhere, canalized. 
They are not like roads across Salisbury Plain, where it 
would be relatively easy to drive between them over the 

grass. They are more like Devonshire lanes; once you are in 
one, it is very difficult to get out again and you have to go 

on to where the lane ends. 

—C. H. Waddington 

3.Q. Introduction 

At the end of the last chapter I argued that norms of 

reactions do not define innateness. More specifically, I 

argued that a genotype^s norm of reaction does not define 

innateness. However, one can create norms of reaction to 

track more than genotypes. For instance one can create a 

norm of reaction that tracks an individual's entire 

developmental trajectory. Distinguish the following types of 

norms of reaction: 

(A) a norm of reaction of a single genotype. 

(B) a norm of reaction of a single individual's genome that 
contains the genotype in question. 

(A) is represented by the regression line fitted to the 

performance of many individuals with that genotype (they of 

course will differ genetically at other loci). (B) is a 

regression line connecting the dots in an experiment 
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(hypothetically, if the individual cannot be cloned) in which 

various environments are tried out. So, for example, suppose 

we are interested in the effects of different environments on 

the development of plant height for individual plants 

possessing an instance of a particular genotype. In other 

words, we're interested in how tall a token plant would be if 

it were grown in one of several environments, for example, 

where environmental conditions differ with respect to amount 

of fertilizer, sunlight, water, etc. To perform the 

experiment (to test the counter-factual) we would grow 

genetically identical plants (each possessing an instance of 

the same genotype) in different environments and plot each 

plant's height development within the environments they are 

in. That is to plot a (B)-type norm of reaction. 

(A) does not provide a good basis for the definition of 

innateness primarily because it is a property of populations, 

not individual development (see last chapter). So, 

innateness of a trait is not adequately defined as a ^^flat 

norm of reaction of the genotype (underlying the trait)." 

However, (B) is a property of an individual's development as 

it describes an organism's varying phenotype as a function of 

varying environments (Stearns 1989, 436) . When (B) is flat 

across a range of environmental conditions trait development 

for an individual (possessing an instance of a genotype) is 

unaffected by lifetime of fluctuating environmental 

conditions. Further, when a set of individuals each 
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possessing the same distinct genotype nonetheless produces 

flat type (B) norms of reactions across a range of 

environments the phenotype in question is said to be 

canalized for those individuals possessing the same genotype 

(Lewontin 1974). 

With (B) we have the makings of a good account of 

innateness. If an individual's development were to express 

the phenotype as its end-state in a wide range of initial 

environmental conditions and would have persisted despite a 

wide range of environmental fluctuations during the course of 

development then the trait in question is innate, i.e. 

canalized. As C. H. Waddington put it, canalized traits 

^^ha[ve] the capacity to produce a particular definite end-

result in spite of a certain variability both in the initial 

situation from which development starts and in the conditions 

met with during its course" (Waddington 1975, 99) . Let us 

see how Waddington introduced the term ^^canalization" in 

developmental biology. 

3.1 Canalization 

In 1936 the developmental biologist C.H. Waddington along 

with his associates (Joseph Needham and Jean Branchet) made a 

remarkable discovery. They had set-out to determine the 

specific substance that induces competent ectoderm tissue 

into developing neural plates. Waddington had thought that 

the sxibstance was a particular steroid and only that steroid 
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could induce neural plate development from competent 

ectodermal tissue. However Waddington's crew discovered, 

rather than a specific steriod, a large variety of natural 

and artificial compounds induced neural plate development. 

Since lots of different substances served as an inducer and 

not all cells could form neural plates, Waddington proposed 

that there must be something special about the competent 

tissues of the ectoderm that allowed it to respond to the 

range of the inducing chemicals. What is special, Waddington 

conjectured, is that competency to respond to a range of 

inducing agents is a genetically controlled feature of 

certain tissues. The wide-ranging competency of the ectoderm 

allows neural plates to develop in a wide range of 

environments. 

If competency is genetically inherited it might be 

susceptible to natural selection forces. For instance, 

neural plates develop out of ectoderm in a wide range of 

developing environments, even environments lacking steroids. 

For certain selective regimes the capacity to develop in a 

range of environmental conditions might confer reproductive 

success to individuals possessing them, say, in unstable 

environments. In such a case, Waddington said that the 

pathway became canalized by natural selection. Canalization 

denotes a process whereby the endstate (the product of 

development) is manifested despite environmental 

perturbations (Waddington 1940) . 
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According to Waddington, canalization explains why 

developing organisms tend to produce a number of distinct and 

well-defined body types despite environmental variation 

between the individuals. Waddington envisioned development 

as "an epigenetic landscape," a branching out of various 

developmental pathways each leading to the production of a 

distinct end-state. Once development starts (e.g. in the 

egg) any number of a range of inducing agents force the 

developing organism down one or another canalized pathway 

(Waddington 1957, see figure 5). 

Further, the canalization model could account for why, 

for some quantitative characters, there appears to be a 

^^normal" range, such that deviant morphologies are difficult 

to produce. Waddington writes: "for most animals there seems 

to be a ^normal' size, to which the adult individual often 

closely approximates even though it may have suffered various 

enhancements or retardations of growth during its lifetime as 

a consequence of factors such as the number of its litter-

mates, the level of its feeding and so on" (Waddington 1975, 

99) . 

In later works, Waddington refined the concept of 

canalization to cover phenotypic development that is 

insensitive to either environmental perturbations or genetic 

variation. Some researchers make the distinction between 

genetic and environmental canalization (Stearns 1983). A 
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FIGURE 5: WADDINGTON' S EPIGENETIC LANDSCAPE 
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genetically canalized developmental pathway is buffered 

against genetic variability such that genetic differences 

between individuals (for the trait in question) are not 

manifested. Environmentally canalized developmental pathways 

produce their endstates despite environmental perturbations 

during the course of development (including the initial 

state). Waddington, however, preferred that canalization 

refer to both processes: "the canalization of development 

protects the individual not only against fluctuations of the 

environment but also buffers it to some extent against the 

effects of variations from the normal or Vild-type' 

genotype" (Waddington 1975, 101) . Since evolutionary 

biologists are interested in traits that exhibit both genetic 

and environmental canalization I prefer to refine the concept 

of canalization to cover both features. We could say that 

the developmental pathways for individuals possessing 

genotypes (Gl, G2,...Gn) are canalized if the developmental 

pathways for individuals possessing those genotypes (Gl, 

G2, ...Gn) produce a phenotypic endstate (P) despite 

environmental perturbations. On this formulation most of the 

important features associated with both genetic and 

environmental canalization are covered. 

Waddington's model of canalization stimulated 

evolutionary biologists to investigate the phenomenon. For 

example, Rendel (1967) discovered that wild-type Drosophila 

exhibit a constant phenotype, four scutellar bristles, in a 
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range of "normal" environments despite genetic variability 

for that character. That is, Rendel discovered that the 

development of four scutellar bristles is canalized for a 

number of genotypes associated with wild-type Drosoptiila. 

The "naturally" hidden genetic variation is revealed either 

by developing embryo flies in "stressful" environments^^ or by 

introducing a rare mutation (scute) that disrupts 

development. When Rendel introduced scute to a developing 

embryo the number of bristles varied from fly-to-fly. Rendel 

then selected for two separate lines, some lineages producing 

flies with either zero or one bristle, others with three or 

four bristles 

Upon removing the mutation from the two lineages, one 

lineage produced flies with exactly two bristles while the 

other produced flies with exactly six bristles. Rendel's 

extraordinary experiment demonstrated the evolutionary 

significance of traits that are both genetic and 

environmentally canalized: a character that is phenotypically 

uniform in a species may nevertheless undergo evolution if a 

stressful environment uncovers the genetic variation 

(Griffiths et. al 1993, p. 747). 

3.2. Canalization and Tnnateness 

In regard to our project of providing an adequate biological 

stressful environment is one that lies outside the "normal" 
environment range. 
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account of innateness, canalization fits the bill. Recall 

the three desiderata for an adequate account of innateness. 

An adequate account ought to: (a) make innateness a feature 

of development, (b) contrast traits that are environmentally 

stable rather than labile, and (c) be part of natural 

selection explanations for the prevalence of certain traits. 

Waddington provided an account of the development of 

environmentally stable traits that occur in individuals and 

whose prevalence can be effected by natural selection, 

satisfying the three desiderata. I propose the following as 

an adequate account of innateness: 

The degree to which a biological trait is innate for 
individuals possessing an instance of a genotype (or set 
of genotypes) is the degree to which the developmental 
pathway for individuals possessing an instance of that 
genotype (or set of genotypes) is environmentally 
canalized. 

The degree to which a developmental pathway is canalized 
is the degree to which development of a particular 
endstate (phenotype) is insensitive to a range of 
environmental conditions under which the endstate 
emerges. 

The concept of canalization is useful because there often 

exists a high degree of constancy ("^robustness") of 

phenotypes over fairly well-defined '"normal" range of 

environmental conditions. 

In what follows I discuss various features of the 

canalization account of innateness. Then I introduce rival 
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developmental accounts of innateness and provide reasons for 

preferring the canalization account. Finally, to strengthen 

the motivation for thinking innateness is canalization, I'll 

re-evaluate Lorenz's research project and demonstrate that 

canalization clarifies Lorenz's methodology. 

3.3 Features of the Canalization Account 

Several features of the canalization account of innate traits 

are worth noting. First, the canalization account preserves 

the idea that traits are innate with respect to certain 

genotypes. It may turn out that, for example, some of the 

genotypes that typically express blue-eyes are canalized 

while others are more sensitive to environmental 

fluctuations. 

Further, although Waddington's account of canalization 

was intended to provide an illustration of the genetic 

control of phenotypic characters, it is important to note 

that Waddington recognized that development is an interactive 

process involving both genes and environmental conditions. 

Certain environmental conditions are essential for the 

development of certain traits. No developmental pathway is 

resistant to all possible environmental perturbations. As 

Waddington states, ^^even the most well-canalized character 

is, of course, never entirely invariant" (Waddington 1975, 

100). So, that there is a limit in the environmental ranges 

to which a developmental pathway produces a single phenotypic 
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endstate should come as no surprise given the fact of 

development. 

To reflect the fact of development on the canalization 

account, innateness is a matter of degree-, the greater the 

environmental range against which a developmental pathway is 

buffered, the more canalized is the developmental pathway. 

The steepness of an entrenched pathway (or "chreode") in 

Waddington' pictorial representation of development (figure, 

above) represents the degree to which a pathway is canalized. 

The steeper the sloping sides of the pathway, the more 

resistant the pathway is to disturbances. 

More precisely, Waddington illustrated canalization as a 

matter of degree in a graph depicting several norms of 

reaction lines. Although norms of reaction depict continuos 

traits—^phenotypes that vary as a continuous function of the 

environmental stimulus—Waddington's point applies equally 

well to discontinuous, all-or-nothing, traits since 

discontinuous trait differ with respect to how dependent 

their development is on environmental cues. 

On the canalization account, innateness too is a matter 

of degree. Loosely speaking, limb development in many 

organisms is highly canalized; limbs develop in all but only 

the harshest environments. However, a trait requiring 

several very specific environmental cues to develop in an 

individual, e.g. learning French (as opposed to learning 

languages) , is not highly canalized. 
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Notice in Waddington's graph trait comparisons are 

performed in a common environment. This raises an important 

issue: we can determine the differences in the degree to 

which a phenotype is canalized only when comparisons are made 

in a common environment (or set of common environments) . The 

following example, demonstrates why. 

Suppose mice possessing genotype G1 expresses blue eyes 

only in environments El and E2 (where each environment 

represents distinct environmental conditions) and no other. 

Mice possessing genotype G2 expresses blue eyes only in 

environments E3, E4, and E5 and no other. 

G1 + 

El + > Blue eyes 

E2 

G2 + 

E3 + > Blue eyes 

E4 + 

E5 

Although G2 expresses blue eyes over a larger range of 

environmental conditions, we cannot compare the degree to 

which G1 mice have blue eyes innately relative to the G2 

mice. We do not know which is more innate because one cannot 

compare the degree of innateness by simply counting 
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environments. To see why, define E* to mean E3 or E4 or E5. 

Now, G2 has blue eyes in fewer environments than G1 because 

G2 expresses blue eyes in only one environment, E*, while G1 

expresses blue eyes in two environments. El and E2. 

G1 + 

El + > Blue eyes 

E2 

G2 + 

E* > Blue eyes 

The problem is remedied when one set of environments is 

properly contained in the other. For example, if it turns 

out that G2 expresses blue eyes in (and only in) El, E2, and 

E3, then we can say that within the environmental range, El-

E3, blue eyes is to a higher degree innate for G2 mice than 

for G1 mice because across commensurable environments G2 mice 

express blue eyes across a greater number of environments 

than G2 mice do. 

G1 + 

El + > Blue eyes 

E2 

G2 + 
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El + > Blue eyes 

E2 + 

E3 

On the view advanced here, innateness is somewhat analogous 

to fitness. One cannot compare the fitnesses of different 

individuals occupying differing environments, for the fitness 

differences between the two populations are incommensurable. 

Possessing a certain trait may lead one group of individuals 

to prosper in one environment but go extinct in another. So, 

for example, between the Venus flytraps of the Amazon and the 

lions of the Senengheti, it makes no sense to ask which is 

more fit. However, between individual lions vying for the 

same resources a fitness comparison is reasonable. 

Waddington's graph bring up another important point. 

Wadington's comparisons are made within a specific 

environmental range. What counts as an appropriate 

environmental range to determine innateness? This problem 

appeared before when we considered the genotype norm of 

reaction account of innateness. There I doubted that there 

is a uniquely correct answer to the question. We probably 

cannot avoid having to determine the appropriate range on 

pragmatic considerations, say, depending on the interests of 

^^Although, as Sober points out (pers. com.), the commensurability 

problem in regard to innateness is more stark in that at least it makes 
sense to assign some overall fitness level singly for Venus flytraps and 
lions. It does not make sense to assign an overall innateness level for 
a trait. 
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the biologist. The same goes for the canalization account. 

As Waddington himself recognized, as a consequence of the 

fact that no biological trait develops independently of 

biological factors no trait is canalized simpliciter. 

Mutatus mutandis for innateness. Recall that Lorenz's 

mistake was to think innateness denoted traits that appear in 

vacuo. An adequate account of innateness should not make the 

same error. 

However, biologists and ethologists tend to ascribe 

innateness to traits whose development are to some surprising 

degree insensitive to certain environmental conditions (we 

made this environmental stability condition as one of our 

desiderata of an adequate account of innateness). Let us 

look at three examples illustrating that what constitutes the 

appropriate range depends on the trait in question. 

First, Lorenz was interested in understanding the 

development of goslings who exhibit a '^follow-mother" 

behavior even in the absence of mother geese. For Lorenz, 

the exhibition of a gosling's follow-mother behavior is 

insensitive to whether mothers are present or not. Lorenz 

was not interested in how fluctuating embryonic temperatures 

effect the development of the behavior although it may be an 

open question as to whether temperature does effect the 

outcome. Lorenz was impressed that a behavior that is 

specifically designed to follow mother (that is, a well-

adapted activity) is exhibited without the need of the actual 
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mother or any other gosling present. According to Lorenz, 

there is something interesting about the behavioral 

development of goslings that allow such a trait to emerge. 

In the terms of the canalization account, what's interesting 

is that the end-state is canalized within the range of 

environments whereby mothers are present or not. (Note: it 

may be that the development of the follow behavior is 

canalized or innate within environments where mothers are 

either present or not, but not canalized within environments 

in which, say, embryonic temperature is fluctuating.) 

Second, birdsong ethologists are interested in the 

contrasting developmental pathways between individuals of 

different sparrow species. Some sparrows produce their 

characteristic song even if they are reared in silence while 

among other species, a sparrow produces its song only if it 

first hears that song performed (Gould and Marler 1991). 

Birdsong ethologists are interested in contrasting 

developmental pathways of individuals representing different 

songbird species, i.e. ones that develop when reared in 

silence with ones that require their specific song as a 

precondition for development. 

Third, Waddington expressed interest in traits whose 

development appeared to be insensitive to "normal" 

environmental conditions. Waddington sought to provide 

selection explanations for why certain traits persist in 

"normal" environments and express variants only in 
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^^stressful" ones. What counts as a "normal" and "stressful" 

environmental range is vague, but it probably denotes the 

environments a population of individuals typically shared 

throughout their selective history. 

To reflect the varied interests of biologists, what 

counts as an appropriate range might change depending on the 

trait in c[uestion. But at least one caveat is in order: at 

minimum biologists should restrict themselves to environments 

in which the organism can develop. This is an important 

condition vis-^-vis an account of innateness. For example, 

one does not prove that hair color is not innate (for 

individuals possessing a genotoken) by showing that there are 

environments in which the individual does not develop hair at 

all (Sober, pers. com.). 

3.4 Canalir.ation Versus ^^Triggers" 

By making innateness a matter of degree we avoid having to 

decide where to draw the line between innate traits and 

acquired traits. Elliott Sober illustrates the problem with 

the following example: 

The epistemological situation among song birds is quite 
variegated. Within some species, birds produce their 
characteristic song even if they are reared in silence. 
Among others, a bird sings its song only if it first 
hears that song performed. And among still others, a 
bird produces its characteristic song only if it hears 
some sort of song or other. We are inclined to apply 
the concept of innateness to the first type of bird and 
to withhold it from the second. But what of the third? 
Should we say that these birds learn their songs by 
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hearing any of a set of quite dissimilar songs? Or 
should we say that the song is innate—that it is "in" 
the bird, only awaiting an environmental trigger for its 
release? 

Although both options seem unsatisfactory, some philosophers 

opt for the ascription of "triggers" to distinguish the 

second and third type of bird. Carruthers (1991) goes so far 

as to provide a distinction between "general" triggers and 

"specific" triggers to preserve the idea that despite the 

dependency on some environmental cue, such "triggered" traits 

are innate. Accordingly, the second type of bird has its 

song innately yet it requires a specific trigger, while the 

third requires a general trigger. 

As Sober remarks, to imply that the song is "in" the 

bird sounds suspiciously like the preformationist doctrines 

of the 18th century according to which fetal development 

involves an increase of size of the fully-formed individuals 

found in the fertilized egg. 

To avoid the preformationist charge one might argue that 

the environmental cues are triggering conditions for the 

newborn bird's disposition to acquire the song. The 

disposition is actualized when the bird passes through 

various developmental landmarks and experiences certain 

environmental cues. But this is to offer a denatured reading 

of the idea of innateness. As Sober remarks, it becomes 

trivially true that all developmental endstates are innate. 
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On the canalization account, innateness is a matter of 

degree. We can group the song birds along a continuum 

without having to draw lines distinguishing innate, 

triggered, and acquired songs (Sober, forthcoming) . 

To see how canalization handles a related problem, 

consider the polymorphic development of a certain species of 

bees. The larvae of fertile queen bees and sterile worker 

bees are genetically identical, yet their adult morphologies 

are distinct. A specific environmental cue, a threshold 

amount of food consumed during a growth stage, determines 

which of the two morphological states will result. Fed a 

quantity of food (call it ^^royal jelly") below the threshold, 

the bee larva develops into a sterile worker bee. Consume 

more than the threshold amount, a queen bee develops. 

Intuitively one might think that although both developmental 

end states, queen and sterile worker, depend on a specific 

environmental cue, neither queeness nor sterile workerness 

are thought of as typical acquired traits. 

Some philosophers revert to talk of triggers to describe 

the threshold quantity of royal jelly. For example, 

according to Kim Sterelny, since the differences between 

queen bees and sterile workers are due to a specific 

e n v i r o n m e n t a l  c u e ,  t h e  d i f f e r e n c e s  a r e  d u e  t o  a  t r i g g e r . T o  

Compare this to Carruthers' account whereby specificity is 
inessential for triggers. In short, there is no general consensus as to 
what constitutes a "trigger" among the philosophers. On Fodor's view, a 
triggered trait is one that pre-exists its occasioning experience. The 
purpose of the trigger is to (in Sterelny's words) "tack" the concept 
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distinguish triggered traits from environmentally induced 

ones, Sterelny hints at something quite close to the 

canalization account: 

A trait is under genetic control if its appearance in 
the phenotype of the organism is insensitive to a wide 
variety of environmental conditions, namely most of 
these normal to the organism. Thus, in humans, eye 
colour is under genetic control but body weight is 
not...But the case of royal jelly is not like the case 
of brown eyes. A wide range of environmental inputs 
would have left me my brown eyes. Not so with the 
development of a larvae into a queen" (Sterelny 1989, 
128) .  

Sterelny advocates "a poverty of stimulus" test to 

distinguish between genetically controlled yet triggered 

traits from environmentally induced ones, "the food cannot 

tell the larvae how to be a queen, for that (enormously 

complex) information simply isn't in the trigger" (ibid.) 

Sterelny's use of "poverty of stimulus" to distinguish 

"genetically controlled" traits from environmentally induced 

traits is unsatisfactory. Consider a paradigm for an 

environmentally induced traits, a sunburn. What does 

Sterelny's poverty of stimulus test say about sunburns?, 

where is the "information" for sunburns? In the sun or the 

skin or both? A poverty of stimulus test provides indecisive 

results. I do not know what it would be like for most of the 

information for sunburns to be in the sun. Is it that one 

onto reality such that the concept becomes epistemologically available. 
This sounds suspiciously preformationist. 
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can infer sunburn-causing properties by examining sunbeams? 

The canalization account eschews talk of triggers. 

Accordingly neither queeness nor sterile workerness is 

innate, for none develop in a wide range (e.g. normal for 

that species) of environments. In fact these end states 

require specific environmental conditions for their 

manifestation. So their development depends on a narrow set 

of environmental circumstances. Only when larvae consume a 

certain aimount of food during a specific growth stage does it 

develop into a queen. 

However, suppose the specific environmental conditions 

necessary for the development of the end states are 

preconditions for the environmentally invariance or 

canalization of the development of the end states. For 

instance, suppose we can experimentally confirm that given a 

specific amount of food bee larvae develop into queens in a 

wide range of environmental conditions In this case what 

is canalized is queeness (the endstate) plus the requisite 

environmental condition (the requisite amount of royal jelly 

consumed) . So, on the canalization account, the endstate is 

innate given the requisite environmental cue, e.g. queeness 

is innate given that the larva consumes an above threshold 

amount of food. Or in other words, the disposition to 

develop into a queen or sterile worker given the very 

don't know of the enpirical data confirming this, but I suppose it 
is roughly true. 
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specific environmental cue is canalized. Notice the 

disposition I am ascribing here does not commit me to the 

denatured reading of innateness, e.g., view that queeness is 

innate because larvae have a disposition to develop into 

queens once fed enough royal jelly at some crucial growth 

stage. Rather, the disposition to develop into a queen given 

enough royal jelly is innate, on my view, because the 

disposition is canalized. 

My proposal to eschew talk of triggers has its 

proponents in the ethology literature. For instance, 

Gottlieb (1991) speaks of environmental experiences that lead 

to the canalization of certain behaviors. Gottlieb 

demonstrates the phenomenon through experiments on the 

responsiveness to the species-specific maternal call of 

mallard ducklings. From the results of a what is essentially 

a Lorenzian deprivation experiment, Gottlieb demonstrates 

that a duckling's responsiveness to the maternal call of its 

species depends on it being previously exposed to its own or 

its siblings' vocalization or "contact call". According to 

Gottlieb the experience of hearing its own or its sibling's 

contact call is a precondition for the canalization of the 

mallard's species-specific responsiveness to maternal calls. 

What makes it a precondition is two-fold: (i) the behavior 

develops in individual ducklings only when the contact call 

is heard, and (ii) those ducklings not exposed to their own 

vocalizations do not exclusively respond to their species-
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specific maternal calls, that is, they become susceptible to 

extra specific maternal calls (p. 6). Species-specific 

responsiveness is not innate, but the responsiveness ability 

given the contact call is innate. Those ducklings that are 

exposed to the contact call are responsive to their species-

specific maternal calls in a relatively wide range of viable 

environments. Hence the contact call is an environmental 

precondition for the responsive behavior to develop. 

Notice, the existence of environmental preconditions for 

the canalization of certain endstates should come as no 

surprise given Waddington's epigenetic landscape model. 

Waddington described development as a branching system 

whereby developing tissue encounters numerous forks in the 

road that require some range of environmental stimuli (some 

inducing agent) to force development down one or another 

canal (or ^^chreod") . Once development enters a chreod, then 

the endstate is said to be canalized. As both Gottlieb's 

research on mallards and bee larva example show, sometimes a 

very specific environmental cue is required to start 

development down a canalized pathway. But, as the example of 

the development of neural plates shows, sometimes any number 

of a wide range of environmental conditions is sufficient to 

initiate development of canalized characters. 

3.5 Stich's Cartesian Account and Sober's Invariance Account 

I wish to compare the canalization account of innateness with 
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three other developmental accounts, one by Stich (1975), one 

by Sober (forthcominga), and a third by Wimsatt (1986). 

Using certain counter-examples, I hope to demonstrate the 

superiority of the canalization account over the others. 

Further, in demonstrating why the canalization account is 

superior, I highlight its key features. For example, I have 

emphasized that canalized development is (relatively) 

insensitive to developmental environments. The resiliency, 

not the interaction with environmental conditions, accounts 

for the developmental invariance of the phenotype in 

question. This feature is not clearly a part of either 

Stich's or Sober's developmental account of innateness. 

Stich's aim is to provide an account of innate ideas. 

Following Descartes, his strategy is to provide a more 

general account of innateness (actually, one of innate 

diseases) and then apply it to the case of ideas: "in calling 

ideas innate, Descartes tells us, he is using the same sense 

of the word we use when we say certain diseases are innate. 

So let us launch our analysis of innateness by pursuing 

Descartes' hint and asking what it is to be afflicted with an 

innate disease" (p. 3). 

Stich's account resembles Descartes' own; both are 

"disposition accounts". On Descartes' view, individuals that 

suffer an innate disease "are born with a certain disposition 

or liability to acquire them" (Stich 1975, p.6). Stich's 

account unpacks the disposition to provide the following 



112 

account: 

A person has a disease innately at time t, if and only 
if, from the beginning of his life to t it has been true 
of him that if he is or were of the appropriate age (or 
at the appropriate stage of life) then he has or in the 
normal course of events would have the disease's 
symptoms (1975, p. 6). 

The Cartesian approach (of which Stich's is a piece) is 

sensitive to the intuition that "inborn" or "present at 

birth" is not a necessary condition for "innateness". 

Muscular dystrophy is, intuitively, an innate disease, yet 

the symptoms do not appear until later in a child's life. 

Stich's Cartesian account preserves this intuition: a child 

born with muscular dystrophy has the disposition to 

experience the associated symptoms hence muscular dystrophy 

is an innate disease. 

Stich's account does not fare well with diseases that 

are associated with parasites that are acquired in the normal 

course of one's development as Wendler (1996) demonstrates. 

Humans typically possess an abundant supply of a particular 

species of bacteria clostrium difficile (c. diff.) in our 

intestines. Humans are not born with c. diff,, we typically 

acquire it from ingesting food and water. C. diff. is not 

harmful to healthy humans, but it can make sick people on 

antibiotic treatment sicker by colonizing in areas which the 

Or, more precisely, it is true of the diseased child that at the 
appropriate age she will begin to experience the symptoms (Wendler, p. 
91) . 
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antibiotic treatment (to which c. diff, may be resistant) is 

killing off harmful bacteria. Unabated colonization of c. 

diff. produce toxins that lead to diarrhea and associated 

symptoms. Is the possession of c. diff. in one's intestines 

innate? 

Innateness is generally and intuitively contrasted with 

environmentally acquired (albeit as a matter of degree). C. 

diff. is acquired from ingesting food and water, so, 

intuitively the possession of c. diff. is not innate. 

However, in the normal course of events humans eat and drink 

water and hence acquire c. diff. As Descartes would say, 

humans have a disposition to suffer the symptoms of c. diff. 

in the intestines. It follows, on Stich's Cartesian account, 

c. diff. is an innate disease of the intestines. This is an 

unfortunate consequence of Stich's account. 

Stich recognizes the loophole in his account: ^^there are 

commonly a host of necessary environmental conditions for the 

appearance of the symptoms of a disease. If these conditions 

all occur naturally or in the normal course of events, the 

symptoms will be counted as those of an innate disease" (p. 

7). Stich's response amounts to hoping for vagueness in 

one's intuitive judgments per case: "it is often unclear 

whether the occurrence of a certain necessary [environmental] 

condition is in the normal course of events. So it will 

often be unclear whether a person is afflicted with an innate 

disease or is, rather, susceptible to a (noninnate) disease" 
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(p. 7). But Wendler's counter-example is a paradigm. 

Clearly c. diff. is clearly in the normal course of event, at 

least part of the normal task of eating and drinking. 

It must be admitted that the problem that Stich alludes 

to is difficult for any account of innateness. Stich's 

problem can be generalized as follows: for the development of 

any biological trait, disease, or otherwise, there will be a 

host of necessary environmental conditions for the appearance 

of that trait. This just follows from the fact of 

development, that genes do not operate in vacuo. 

As we have seen, the canalization account handles this 

fact in two ways. First by making innateness a matter of 

degree, and second by noticing that for the development of 

certain traits, once a certain environmental (or genetic) 

condition is met, development becomes resilient to further 

environmental perturbations; in other words, development 

becomes canalized. Let's see why this is an improvement over 

Stich's account. 

Stich's account fails to take into account the causal 

dependency of development on the environmental conditions 

that constitute the normal course of events. Sober's account 

suffers from a similar problem. For Sober, "a phenotypic 

trait is innate for a given genotype if and only if that 

phenotype will emerge in all of a range of developmental 

environments" (forthcoming). In other words, innateness 

amounts to phenotypic invariance across a range of 
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environmental conditions. Both Stich and Sober fail to 

recognize that there are two ways in which a trait emerges 

(invariantly) in a (e.g. normal) course of development: 

1) By means of strict genetic control over development so 

that the outcome of development is insensitive to the 

conditions under which it occurs. Such outcomes are said to 

be strongly canalized against environmental perturbation. 

2) By means of a developmental is sensitivity only to 

environmental factors that are themselves invariant within 

the organism's (e.g. normal) developmental environment (both 

conditions come from Johnston 1982, 420). 

The second outcome is not canalized in Waddington's sense but 

it invariant under the normal conditions of development. The 

c. diff. case is a paradigm example of the second case. 

Contracting the symptoms associated with c. diff. (or even 

contracting c. diff. itself) is part of one's normal course 

of environment. Further, acquiring the disposition to suffer 

the symptoms associated with the possession of c. diff. 

emerges across quite a range of (normal) human environments. 

So, we would say the outcome is invariant and hence innate on 

Sober and Stich's account. But acquiring c. diff. and having 

the disposition to suffer the consequences are both normal 

and developmentally invariant because humans are susceptible 
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to an environmental condition that is itself invariantly part 

of human development. C. diff. is in the food we eat and the 

water we drink, and we obviously need to eat and drink to 

develop at all. Although the outcome is invariant it is 

acquired, not innate and not canalized. 

Note that the distinction between the two means of 

invariant outcomes is not a dichotomy but a matter of degree. 

A developmental system that corresponds to the developmental 

*rule of thumb', ^^Develop X no matter what the state of the 

world happens to be" exemplifies an extreme form of the first 

case. Less extreme are systems that conform to the 

conditional rule: ''^Develop X if experience is C" or "Develop 

X if experience is C, do Y if experience is D". The more 

sensitive to the environmental condition the developmental 

system is the less inclined we are to say that the 

developmental endstate is canalized (Godfrey-Smith 1996). 

3.6 Wimsatt's Generative Entcenclment Model 

Next, I turn to Wimsatt's "generative entrenchment" account 

of innateness. I reject it because generic entrenchment is 

not at all an essential condition for innateness. 

The "crucial feature" of Wimsatt's account is the idea 

that, "features that arise early in development have a higher 

probability of being required for features that appear 

later...and tend to have a larger number of downstream traits 

depending on them" (1986, p. 198). Accordingly, Wimsatt 
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defines "generative entrenchment" of traits "to the degree 

that they have a number of later developing traits depending 

on them" (p. 198). There appears to be two central claims 

here. One is that innate traits tend to appear early in 

development (more on this below when we discuss Wimsatt's 

concept of an environmental trigger) . The second is that 

innate traits have a number of later developing traits 

depending on them. I'm not altogether sure how Wimsatt 

conceives of the relationship between these two concepts, 

nevertheless I think neither are necessary features of innate 

traits. To see what's wrong with Wimsatt's theory, consider 

the innate development of pubic hair in adolescents. 

Because: (i) pubic hair appears late in development, and (ii) 

pubic hair has no further trait (at least prima facie) 

depending upon it Wimsatt must say that pubic hair is not 

innate. Whether or not a trait is innate has nothing to do 

with how late in development it appears or what further trait 

depends on it. 

Wimsatt might retort that pubic hair is in fact not 

innate. But, that would contradict his motivation to unify 

many philosophical and ethological accounts of innateness 

(which he cites (cite)) under the concept of generative 

entrenchment. The idea that pubic hair is innate is 

does seem that the concept of generative entrenchment is most 
central to Wimsatt's notion of innateness judging from his quip, "on 
this analysis, if it is generatively entrenched, it is 'innate'" (p. 
200)  .  
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supported by several of these accounts, including this one: 

Innate behavior for a given species is universal among 

normal members of that species in their normal environment 

either: (a) because the behavior has a genetic base [or] (b) 

because the behavior is ^canalized' or homeostatically 

regulated in development" (p. 187) 

According to Wimsatt, an interesting consequence of his 

developmental model is that some environmental experiences 

count as being innate. For example Wimsatt claims that "not 

only is the imprinting mechanism of the greylag goose at 

birth ' innate.but the object of imprinting is also 

'innate'" (p. 200). Take one of the minimal requirements for 

an environmental condition to be called innate: "the 

acquisition of that kind of information at that stage of 

development is deeply generatively entrenched with respect to 

subsequent behavior" (p. 200). Accordingly, imprinting is 

innate because a lot of later developing traits depend on it: 

"there is a very high probability that the young goose will 

properly imprint on its mother and will, in short order, 

learn to distinguish her cries and her appearance from that 

or other female greylag geese nearby" (p. 201) . To see 

what's wrong with this account, try applying it to the 

should point out that both intuitively and on my canalization 
account, the universality condition is not central or necessary to 
identify innateness. Consider those unfortunate persons who possess 
the/a gene that increases one's chances of developing Tay-Sach's 
syndrome. It appears that Tay-Sachs syndrome is canalized to a large 
degree for those members possessing the gene. Neither possessing the 
gene or developing the syndrome is universal among humans. 
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developmental stages of the hvunan body's natural healing 

process from a sunburn. In the later stages of sunburn 

healing depend on the acquisition of the sunburn itself: the 

redness, the pain, the occasional accumulation of puss, the 

drying out of the affected layers of skin, the peeling off of 

this dry skin, etc. But sunburns are not innate (even if the 

healing process is) although a lot of developing traits 

depend on it. I conclude, whether or not a trait is innate 

has little to do with whether it is generatively entrenched. 

To his credit, Wimsatt recognizes that traits which 

occur early in development ought to be buffered from 

environmental perturbation (i.e. canalized). But, Wimsatt 

confuses a trait's being in a position where it ought to be 

innate with what it is for a trait to be innate. As a 

result, Wimsatt is forced to say that the effects of 

thalidomide (loss of limbs in the child) when taken during 

pregnancy is innate. But for those who wish to preserve the 

contrast between innate and acquired, the effects of 

thalidomide are not at all innate when we consider that the 

presence of thalidomide, an environmental condition, makes 

all the difference between a child being born with a limb or 

without. 

In the next three sections I apply the canalization 

account of innateness to a re-evaluation of Lorenz's research 

project. First, I consider a natural selection account of 

owe both the point and the example to Denis Walsh. 
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the prevalence of innate (i.e. canalized) traits. Second, I 

argue that Lorenz's source of information metaphor that I 

introduced in chapter two can be interpreted as a signifier 

of canalization. 

3.7 Genetic Assimilation 

In accepting that Waddington's notion of canalization applies 

well to the idea of innateness, we open the doors to a range 

of parallels between the work of Waddington and the work of 

ethologists like Lorenz. A striking example will further 

strengthen the case for thinking that innateness is 

canalization. In this instance, we find Waddington solving a 

problem that Lorenz failed to solve: how can we invoke 

natural selection to explain the prevalence of highly 

adaptive traits, such as sexual affinity in mallards, that 

are seemingly environmentally acquired yet turn out upon 

further investigation (e.g. by performing an isolation-

rearing experiment) to manifest in isolation? For 

Waddington, the key is the concept of canalization. 

Recall Waddington's notion of competence. Competent 

tissues are inducible by a range of compounds. Most 

importantly, the range may extend to compounds found either 

to be Internal or external to the developing organism. 

Waddington hypothesized that once a developmental pathway is 

canalized, the competent tissue may transfer its 

responsiveness from one inducing agent to another (Gilbert 
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1994, p. 851) . The possibility of transfer of competency is 

significant for evolutionary biology. For example, calluses 

are typically environmentally induced by friction between 

skin cells and some external surface. Here, the genes play a 

role in proliferating cells to form the callus. Suppose the 

competence of the skin cells to form a callus structure when 

induced by friction is both a product of natural selection 

and the pathway initiated by the friction that leads to the 

callus structure is canalized. The canalization of callus 

formation depends on an external agent in this instance. But 

if the skin cells are competent for a range of agents it is 

possible for an internal agent to substitute for the external 

agent. For instance, suppose a mutation appears that enables 

the skin cells to respond to a stimulus within the developing 

embryo. Then, the ability to form a callus due to friction 

may become part of the ^^genetic heritage" of the organism. 

That is, what starts as an externally induced trait undergoes 

a mutation that in effect transfers its competence to 

internal inducers. The end result is an organism that 

develops a callus in the absence of a friction. In some 

selective regimes the transfer of competence from external to 

internal inducer may confer fitness to organisms possessing 

the capacity. Waddington called the transfer of competence 

"genetic assimilation". He hypothesized that selection 

aiding in the genetic assimilation of the capacity of 

ostriches to develop calluses explains why ostrich embryos 
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possess calluses (Waddington 1975). If the transfer of 

competence is due to a mutation, genetic assimilation is said 

to be an instance of what is known as the "Baldwin effect". 

Unfortunately, Waddington did not back, his hypothesis 

concerning ostrich calluses with experimental evidence. 

However, Waddington did find evidence of genetic assimilation 

in experiments on thorax development in Drosophila. To 

illustrate the phenomenon, Waddington (1975) managed to 

induce an extreme environmental reaction in the developing 

embryos of Drosophila. In response to ether vapor a 

proportion of embryos developed a radical phenotypic change, 

a second thorax. At this point in the experiment we would 

say that bithorax isn't innate; it is a kind of chimera 

induced by an unusual environment. But then Waddington 

continually selected for Drosophila with the developmental 

capacity to respond to the environmental stress. After about 

20 generations of selection, some Drosophila were obtained 

that developed bithorax without being exposed to ether 

treatment. What happened, according to Waddington, is that 

selection favored a particular pathway that led to the 

production of the optimal (in this case desired) effect. 

Eventually the pathway became canalized, hence the end-state, 

bithorax, appeared regardless of environmental conditions. 

More precisely, Waddington's genetic assimilation 

subsumes several possible explanations for what happened in 

the bithorax experiment. On one interpretation (see figure 
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6), unithorax—the normal outcome—was canalized such that 

unithorax developed under all but the most stressful 

environmental conditions. In the figure, ^X' represents 

unithorax, ^Y' represents bithorax. The hollow arrow in the 

left diagram represents the stressful environmental cue (e.g. 

ether) required to ^^push" development over the threshold and 

result in bithorax. During the course of the experiment, 

Waddington selected for flies with the capacity to respond to 

etherization, that is, flies with the epigenetic profile of 

the left diagram. On this first interpretation, the change 

occurred when a mutation appeared which substituted for the 

environmental stress and bithorax became canalized. This is 

an instance of the Baldwin effect and is represented by the 

right diagram. The black arrow represents the mutation that, 

in place of the environmental stress, ^^pushes" development 

over the threshold. 

In Waddington's favored interpretation, selection serves 

to uncover pre-existing genetic variation as opposed to 



FIGURE 6: WADDINGTON'S. ACCOUNT OF THE BALDWIN EFFECT 
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allowing for a mutation to arise.The following 

hypothetical account taken from Jablonka and Lamb (1996) 

serves to illustrate the role selection played in the genetic 

assimilation of birthorax. See figure 7. 

Suppose the development of the thorax involves (among 

other things) three unlinked interacting gene loci: A, B, and 

C in the figure, each with two alleles. There are 27 

possible combinations of alleles that each individual may 

possess. The possible combinations are shown in coliamn 

in the figure. Now, assume that 26/27 possible combinations 

produce the normal single thorax under a wide range of 

environmental conditions (except the stressful environment). 

In other words, assume that unithorax is canalized for 

individuals possessing an instance of one of the 26 genotypes 

and bithorax is canalized for individuals possessing an 

instance of the one special genotype. Column indicates 

whether a genotype produces the normal thorax, ^^N", or the 

constitutive phenotypes, "CON", i.e. bithorax. Now, when 

ether is applied to the developing individuals, some 

individuals possessing an instance of any one of 10/27 

genotypes produce bithorax. These inducible individuals, 

"IND" are indicated in column Z. The remaining 16/27 

^^Waddington (1975) left it an open question whether the bithorax 
experiment was an instance of the Baldwin effect or an instance of the 
following interpretation, or a combination of both. 



X Y Z 
Genotypes Phenotypes in the Phenotypes in the 

original environment new environment 

AiA|B|B|C,C| N N 
AiA|BiBiCiC2 N N 
A1A [BIB N N 
AiA|BiBjC|Ci N N 
AIA |B {Bx^t^z N IND 
AiAiBiBiCjCj N IND 
AiAiBjBjCiCf N N 
AfAiBjB^CiCj N IND 
AiAjBjB CON CON 
AiAjBiBiCiCi N N 
A|A2BJBIC|C2 N N 
A1 AjB [B |C2C2 N IND 
A1A2B1B2C1C1 N N 
AtA2BiB2CiC2 N IND 
AiAzB,82.0202 N IND 
A1A2B282C1C1 N N 
A1A2B2B2C1C2 N IND 
A1 A2B2B2^2C2 N IND 
A2A2B|B|C|C| N N 
A2A2BIBiC)C2 N N 
A2A2B|B,C2C2 N IND 
A2A2B |B2C|C| N N 
A2A2B|B2C|C2 N N 
A2A2B1B2C2C2 N IND 
A2A 282820|C| N N 
A2A2B2B2CtC2 N N 
A2A2B2B2C2C2 N N 

The rules governing inducibiliiy or non-indudbility ire: 
(1) A|A,B;BiCjCj is CON. i.e. it is constitutive and produces the 

modified phenotype in both environmental conditions. 
(2) All genotypes Ai-Bj-Ci- (except AiAiBjBiCiCj) are i.e. 

are inducible and produce the modified phenotype only in the new 
environment. Dashes represent either of the two alleles. 

(3) Genotypes Aj-B|-CjCj are also IND. 
(4) Homozygosity for Ci. and all other combinations not included in (l)-

(3). ilways result in the normal (N) phenotype in both environments. 

FIGURE 7: HOW SELECTION MIGHT FAVOR BITHORAX 
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genotypes produce normal, "N" single thoraxes. (Note: the 

proportions chosen in Jablonka and Lamb's example are 

arbitrary. The rules governing inducibility are given at the 

bottom of the figure.) 

On this model, selection serves to make a rare genotype, 

the one whose canalized endstate is bithorax (A1A1B2B2C2C2 in 

the figure) common. Suppose the allele frequencies (f) 

before selection are: 

f{Ai} = 1/2, 

f{Bi} = 9/10, 

f{Ci} = 4/5, 

f{A2} = 1/2, 

f{B2} = 1/10, 

f{C2} = 1/5. 

Given these frequencies, only one in 10,000 flies will 

possess the genotype that corresponds to canalized bithorax 

(A1A1B2B2C2C2). By applying ether shock and selecting for 

those individuals that produce the induced phenotype 

(bithorax given ether), the frequencies of the initially rare 

alleles, B2 and C2 are increased in the selected lineages. 

Eventually, the frequency of the A1A1B2B2C2C2 genotype which 

produces the canalized bithorax phenotype is increased. 

Here, selection acts to: (1) uncover a great deal of 

hidden genetic variation (akin to Rendel's bristle 

experiment), and (2) increase the frequency of what is 

initially a rare genotype whose possessors manifest bithorax 

as a canalized trait. 
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A third interpretation of the experimental results, 

published by M.W. Ho et. al. (1983), suggests that 

etherization produces changes in the cytoplasm which in turn 

increases an individual's sensitivity to etherization. The 

important point is that the mechanism proposed by Ho et. al. 

is extra-genetic yet inherited. Etherization produces 

cytoplasmic changes in the affected flies and these changes 

are inherited to their offspring. As Ho et. al. put it, ^Ve 

do not rule out the action of modifier genes [in the 

production of bithorax]. Rather we draw attention to the 

existence of other mechanisms which can greatly speed up 

phenotypic changes in evolution in response to environmental 

challenges". 

Genetic assimilation subsximes all of these possible 

mechanisms. Through the concept of genetic assimilation, 

Waddington showed how natural selection can, so to speak, 

install a trait as innate. In bithorax case natural 

selection turned what was once an acquired trait—bithorax qua 

reaction to ether shock—into an innate, i.e., canalized, 

trait. 

3.8 Information Account 

Finally I wish to re-evaluate Lorenz's sources of information 

metaphor. By itself Lorenz's attribution of developmental 

'̂'Some researchers have gone so far as to conclude that the experimental 
evidence that backs Ho. et. al.'s interpretation support the existence 
of a Lamarckian inheritance scheme (Jablonka and Lamb 1995) . 
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information to the genes is vague. Yet we might interpret 

the information metaphor in a way that suggests Lorenz 

hinting at something very close to the canalization account. 

Recall from chapter two, Lorenz contended that the 

information about an organism's environment (relevant to 

development of adaptive traits) can come from two sources, 

the organism's developing environment or the organism's 

genes. Accordingly, innate traits have the information for 

development in the genes. Originally Lorenz suggested that 

the source of the information for innate traits are due to 

natural selection forces. In chapter two of this 

dissertation I argued that Lorenz's natural selection 

explanation was fallacious for it constitutes an instance of 

applying natural selection to explain why an individual has 

the traits that it does. Now I propose to set the fallacious 

reference to natural selection explanations aside and focus 

on Lorenz's information metaphor that he employs to 

distinguish between innate and acquired traits. 

What exactly does it mean to say that the information is 

stored in the genes? What is the information concept that 

Lorenz invokes? Richards (1974) believes that the 

information metaphor is another way of expressing the idea 

that what is inherited is *^that range of possible forms 

expressible in the phenotype". Unfortunately, neither 

^^Lorenz's actual words are inscrutable, "What is preformed in the 
genome and inherited by the individual is not any "character", such as 
we can see and describe in a living organism, but a limited range of 
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Lorenz nor Richards provides us a further clue as to what 

that means. Maybe Lorenz is referring to a genotype's norm 

of reaction. If so, we've already seen the limitations to 

that view as it applies to a concept of innateness. 

Johnston (1987) claims that the only suitable way to 

interpret Lorenz's concept of information is in accord with 

Shannon and Weiner's theory of information used in 

communication theory. Otherwise Lorenz's conception is a 

meaningless metaphor. According to the Shannon-Wiener 

theory, information consists in relation between a "sender" 

and a "receiver". The physical event that constitutes the 

interaction is the "signal". The transmission of information 

involves: "the production of one out of several alternative 

states of affairs in a system (the receiver) because of the 

influence (via the signal) of another system (the sender)" 

(Johnston 1987, 156). For illustration suppose a monkey 

spots a leopard and begins a particular vocalization that 

results in other monkeys running up to the tops of trees. 

Here, the sender is the "look-out" monkey, the receivers are 

the other monkeys, and the signal is the vocalization. On 

the account of transmission of information, "the fact that 

information is communicated in that situation depends 

critically on the existence of alternative signals that might 

have been sent but were not" (p. 156) . For example, we know 

possible forms in which an identical genetic blueprint can find its 
expression in phenogeny" (1965, 1). 
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that one type of vocalization provides ^^information" about 

leopards nearby because the particular vocalization led to 

the monkeys running up to the tops of trees instead of hiding 

in a bush, or some other such behavior. 

Notice that on this rough and ready account of 

information it appears that information is not identified in 

terms of the ^^content" or '^meaning" of the signal, rather it 

is identified in terms of inacting one state of affairs in 

the receiver rather than another. All we know about the 

^^look-out" monkey's vocalization is that it has the effect of 

sending other monkeys up in the trees. Other than that we 

have little idea as to whether the vocalization means that 

there is a leopard nearby, or that there is a ground-dwelling 

predator, or '^go up to the top of the trees", or ^^seek high 

ground", etc. If Lorenz's conception of "information in the 

genes" is meant to convey the content of developmental 

information, then the Shannon-Weiner concept is not a good 

fit. 

However, Lorenz's concept of information might convey 

something about the "^transmission of information". Suppose 

the source of information (the sender) is the environment, 

the receiver is the developing organism and the signal is 

whatever aspect or aspects of the environment that influences 

the development of the organism. One can determine whether 

information is transmitted between the environment and the 

organism by testing whether a change in the signal, i.e. some 
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aspect of the organism's environment, corresponds to a change 

in the developmental outcome of the trait in question. If 

so, the aspect of the environment one changed provides a 

source of information for the developing organism. If not, 

the aspect of the environment we changed does not provide a 

source of information for the developing organism. 

According to Lorenz, deprivation experiments try to 

determine the source of information for a trait's 

development. The point of a deprivation experiment is to 

determine whether a radical change in the environment 

(signal) corresponds to a change in the phenotypic endstate 

(receiver). If it turns out that the development of the 

trait in cjuestion is invariant to changes in many aspects of 

the environment, then the information for the development of 

the trait is said to be encoded in the genes. 

Lorenz's error was to suggest that the results of the 

deprivation experiment demonstrate no information is carried 

by the environment (all the information is carried by the 

genes). What Lorenz should have said is that the results of 

the deprivation experiment provides evidence that development 

is canalized to some degree within a certain range of 

environmental conditions. Or, the phenotype in question is 

to some degree canalized for the genotype under test. 

On my proposal, Lorenz's source of information metaphor 

corresponds roughly to phenotypic canalization. However, 

there are two crucial differences between the source of 
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information metaphor (suitably interpreted) and the 

canalization account. First, Lorenz explicitly attributes 

the information (i.e. the environmental invariance) to the 

genes. On the canalization account, the invariance is 

attributed to development which is constituted by 

interactions between genes and environments. Consequently, 

the canalization account stays clear of the fallacy of 

attributing development to the genes. 

Second, the information account (and the deprivation 

experiments that support it) might tell us when a trait is 

innate, i.e. when the environmental information is not 

transmitted in the phenotype. But the information account 

does not tell us what it is for innateness to obtain in an 

organism. That is, it does not tell us what makes 

development immune from the environmental perturbations. 

That's because the information account involves a correlation 

between the sender and the receiver states. Correlations are 

not the same as causes. To tell us what makes a trait immune 

from environmental perturbations we need a causal account. 

To put the point another way, recall that a trait's 

invariance has at least two causes. Either the developmental 

pathway is to some degree canalized (i.e. innate), or the 

environmental conditions necessary for its development are 

themselves invariant (and the trait is to some degree 

acquired). The information account tracks invariance 

correlations between senders and receivers. Without further 
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conditions the information account does not tell us what 

causes invariance. On the information account traits that 

owe their invariance to environmental conditions that are 

themselves invariant in the range of environments under test 

are misleadingly called innate. 

Of course, deprivation experiments can help us determine 

the cause of a trait's invariance. Recall Gottlieb's 

experiments on the mallard's maternal response. Through a 

deprivation experiment, Gottlieb was able to determine that 

vocalization in the egg is a necessary condition for the 

canalization of maternal response call. That is, those 

individuals deprived of an opportunity to hear the 

vocalizations of its siblings were incapable of exhibiting 

the maternal response call later in development. 



CHAPTER FOTO 

Three Case Studies; Pinker^s ParsirnQny^ Fodor's Nativismr 

Chomsky^s Poverty of Stimulus 

4.Q Introduction 

In this chapter I analyze two distinct innateness arguments 

in linguistics, one advanced by Noam Chomsky the other by 

Steven Pinker. According to both Chomsky and Pinker human 

speakers possess an innate acquisition procedure for 

language. The discussion of "nativism" (or what should be 

called "innativism") in linguistics illustrates how an 

analysis of biological innateness applies to fields outside 

of evolutionary and developmental biology. Further, I hope 

to show that the canalization account, as a developmental 

account, clears up confusions concerning what adequately 

demonstrates innateness in linguistics. For instance, 

linguists recognize that innateness is a biological property. 

Yet many linguists, including Pinker and Fodor (but not 

Chomsky, as we shall see), think that what is not learned is 

innate. In biology, ^Hnnate" (as a matter of degree) is 

contrasted with "acquired". Not recognizing the biologist's 

contrast causes problems for some innateness arguments, 

including Fodor's argument that all our primary concepts are 

innate. 

Chomsky's "poverty of stimulus" argument dominates the 
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language acquisition literature. Most conceive the argument 

to be, roughly, that: unless children possess some innate 

acquisition procedure to begin with, it would be impossible 

for them to develop a language, given the impoverished 

language data to which the children are exposed.^6 

Chomsky's poverty of stimulus argument is by far the 

most popular among linguists, philosophers and cognitive 

scientists; however it is not the only argument for the 

innateness of language rules. According to Steven Pinker 

(1996) if one adopts the hypothesis that children know, prior 

to acquiring a language, universal grsunmar rules then, on 

considerations of parsimony, one ought to conclude that these 

grammar rules are innate. His argument is, roughly, that 

having to learn the universal grammar rules necessary for 

acquiring a specific language would require possessing a 

further acquisition schema specific to the task of learning 

the universal grammar rules. Since the tacitly known grammar 

rules are universal for humans, it is not '^logically 

necessary" for humans to learn them (as it is necessary for 

hijmans to learn a language) . Hence postulating that humans 

must learn universal grammar rules is less parsimonious than 

postulating that humans possess the rules innately. The 

former postulates fewer cognitive mechanisms (one acquisition 

procedure rather than two with one embedded within the 

other). Let us begin first with a discussion of Pinker's 

^®My interpretation differs as we shall see in the last section, below. 
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argiament. 

4.1 Pinker^s Parsimony 

Pinker's arguiment is unique in appealing neither to poverty 

of stimulus nor to biological arguments for innateness. Is 

Pinker's argument from parsimony a contender? I think not; 

appeals to parsimony do not settle the innateness issue. On 

my view, whether language acquisition involves innate grammar 

rules is a developmental issue whereby a trait is either 

innate (canalized) or acquired (labile). Linguists recognize 

innateness as a biological property of a trait, yet many, 

including Pinker, contrast innate traits with learned traits. 

As we shall see, this causes problems for some innateness 

arguments. 

Pinker's argument from parsimony is embedded within a 

language acquisition theory whereby all human speakers learn 

languages with the aid of tacitly known acquisition 

procedures. The procedures which Pinker labels collectively 

as "AP (L) " consists of the overall grammatical structure and 

formal rules that all children are purported to tacitly know 

prior to learning any human language. In addition, AP (L) 

contains parameters that take on different values from 

language to language together with procedures for setting 

those parameters (1996, 34) . Most importantly, the 

acquisition procedures are ^^task-specific" or '"tailor-made to 

the acquisition of language" (p. 31) . They involve reasoning 
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procedures that are specific to the task of learning a 

language, as opposed to general reasoning procedures that 

humans might exploit for other cognitive tasks. 

Pinker asserts that if one adopts the "task-specificity" 

model of language acquisition, it follows simply from 

considerations of parsimony alone that humans possess innate 

language acquisition mechanisms. However, one might think 

that innateness follows from task-specificity without one's 

having to appeal to any arg\iment at all. As Pinker points 

out, in the literature, task-specificity is often associated 

with nativism (p. 33). That is because the modern nativist 

vs. empiricist debate is not about whether or not developing 

children have innate mechanisms. Even the staunchest 

empiricist accepts that learning requires some innate 

mechanisms (Ramsey and Stich 1990). Rather, the innateness 

issue concerns the nature of the innate mechanisms. For 

instance, Fodor (1981) argues that whether the procedure for 

learning language is task-specific or part of a general 

reasoning procedure marks the difference between a nativist 

and an empiricist. In either case, prima facie, nativism is 

a direct consequence of task-specificity. 

But, as Pinker correctly points out, task-specificity 

and nativism are separate issues. One might endorse the 

task-specificity model yet reject the conclusion that AP (L) 

is innate. The task-specificity model postulates only that 

speakers must possess AP(L) prior to learning a language; it 
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says nothing about how a speaker comes to know the language 

acquisition procedures. Granting the task-specificity 

assumption, there is still room for an empiricist to argue 

that AP(L) is learned. 

Yet an empiricist need not grant Pinker's task-

specificity as an assumption about what language learners 

possess. An empiricist, like Putnam (in Stich), who thinks 

that language acquisition involves the use of general 

reasoning procedures is not impressed with the argument that 

once task-specificity is granted, innateness follows by 

reason of parsimony. In contrast, Chomsky's poverty of 

stimulus argument does not contain task-specificity as a 

premise and hence is in a position to undermine all 

empiricist theories of language learning (Ramsey and Stich 

1990) . Nevertheless, I propose to evaluate Pinker's argument 

on its own grounds. Let us grant Pinker the task-specificity 

premise for the sake of argument. 

4.2 Pinker's Arcrument From Parsimony 

Here is an overview of Pinker's parsimony argument for the 

innateness of AP(L). I will follow the overview with an 

evaluation of the crucial premises. 

1) Nativism postulates that AP (L) is innate and that the 

rules for a particular language is learned. 
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2) If AP(L) is not innate, then it is learned. 

3) For children to learn AP(L), they would have to possess 

another acquisition schemata—call it AP(AP(L))—devoted to 

acquiring the acquisition procedure for learning language. 

The following diagram represents the competing theories. 

LI 

(NAT) AP (L) L2 

L3 

(innate) (learned) 

LI 

(BMP) AP(AP(L)) —> AP(L) L2 

L3 

(innate) (learned) (learned) 

The top diagram represents Pinker's nativism hypothesis 

(NAT). The task-specific procedure is innate and is required 

for the acquisition of any human language (LI, L2, L3). The 

bottom diagram represents Pinker's brand of empiricism (EMP). 

An acquisition procedure for acquiring AP(L) is innate (that 

is, AP(AP(L)) is innate) while AP(L) and the specific 
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icinguages are learned. 

4) Since the original acquisition procedure, AP(L), is, by 

hypothesis, universal for humans it is not "logically 

necessary" that humans come to learn AP(L) (unlike language 

rules that are not universal and hence must be learned) . 

5) So, the AP (AP (L)) is superfluous to the learning task 

facing the child. 

6) Hence, postulating that humans learn universal grammar 

rules (as represented in (EMP)) is less parsimonious than 

postulating that humans possess the rules innately (as 

represented in NAT). The nativist hypothesis postulates 

fewer cognitive mechanisms. 

7) Therefore, the nativist theory is preferable. 

I take issue with both Pinker's contrast between innate and 

learned (premise #2) and his argument from parsimony 

(premises #4-#7). Let us begin with the latter. 

4.3 Pinker's Parsimony Argument (premises #4-#7) 

Pinker's parsimony argument depends on a contrast between the 

universality of AP(L) and the non-universality of the 

language rules for the various languages people speak. 
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Implicit in premise #4 is the following argxament: since the 

rules for particular languages are not universal, they cannot 

(as a matter of "^logical necessity") be an innate, fixed 

feature of the human species. The rules must be learned (or 

acquired). In contrast, there is no logical necessity that 

AP(L) is learned, since every human has them (p. 34). 

Premise #5 (purportedly) follows: postulating that humans 

acquire a procedure for acquiring AP(L) is superfluous given 

that nature could design humans with AP(L) built-in. The 

acquisition procedure for learning AP(L) would have to 

consist in two mechanisms, one to await input and the other 

to '^put the AP (L) in place" within the cognitive architecture 

(p. 34).) 

Pinker's argument is not convincing, for nativism is not 

settled as a matter of "logical superfluity". The 

superfluity argument is available for an empiricist to argue 

the opposite conclusion, that AP(L) is learned (or acquired) : 

since the language procedure is present in every human 

community, it would be superfluous for nature to evolve 

creatures with that complex procedure already built-in. A 

creature that acquires the complex procedure is a simpler 

design. 

In the last chapter I distinguished two ways in which a 

trait emerges invariably in development: either development 

is insensitive to environmental conditions, in which case the 

trait is strongly canalized, or the requisite environmental 
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conditions are present whenever the organism develops, in 

which case the trait is acquired. Either way, assuming every 

member of the species develops their traits in the same way, 

the trait will emerge as a universal feature. However, 

universality implies innateness only on the former type of 

pathway, not the second. Pinker's argument from universality 

misses this distinction. Whether it is superfluous for an 

organism to have to acquire a universal trait is irrelevant 

to the question of how organisms actually come to acquire 

their traits. 

For example, for most varieties of songbirds that sing a 

species-specific song, the trait is universal (species-wide). 

Following Pinker's parsimony argument, if the trait is 

universal it is probably innate. But nature does not in fact 

adhere to any such rule. Individuals of some bird species, 

such as the white-crowned sparrow, acquire their species-

specific song-. Research shows that when a juvenile white-

crowned sparrow is isolated from the sound of all songs, it 

fails to produce its species-specific song (Gould and Marler 

1991) . However, when the sparrow is exposed to the song of 

its own species, it develops it normally. 

More specifically, a young white-crowned sparrow 

"^memorizes" the normal song of its species and forms a 

^^template" which it compares to its own attempts at song 

production. With practice, the white-crowned sparrow 

eventually matches its own attempts with that of the template 
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(Gould and Marler 1991), resulting in the normal song of its 

species. The important point is that the white-crowned 

sparrow's song is universal and yet it is acquired (via a 

template-matching procedure). Considerations of parsimony do 

not settle the debate about birdsong development, empirical 

research does. 

Nor ought we assume that since every songbird has its 

species-specific song, every bird developed it in the same 

way. According to birdsong research, the development of song 

varies considerably from species-to-species (Galistel et. al. 

1991). Within some species, birds produce their 

characteristic song even if they are reared in silence. 

Other birds need to hear their own species-specific song 

before they themselves produce it. Still others need to hear 

only some song or other before producing their own. Further, 

there may be developmental variation between individuals. 

Elliott Sober (forthcominga) describes a case in which two 

fruitflies have the same nu^er of abdominal bristles yet 

each achieved that number via different pathways. This 

underscores the point that universality is not necessarily a 

telling consideration within the debate on innateness. 

Why do white-crowned sparrows go through the 

•"^superfluous" step of acquiring its universal trait? The 

answer may lie in the evolutionary history of the lineage: 

given the environmental conditions that ancestral white-

crowned sparrows were faced with, acquiring bird-song may 
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have been the most adaptive strategy. Quite possibly what 

was a good evolutionary strategy for the white-crowned 

sparrow might not have been for other bird-species. This 

would account for the variation in acquisition strategies 

among various species of birds. Thus, the fact that a 

particular acquisition strategy may be superfluous in 

comparison to another is irrelevant to the innateness debate. 

Pinker considers an empiricist theory more parsimonious 

than his own nativist one. The empiricist theory posits that 

AP (L) is acquired via a super-acquisition procedure 

responsible for the acquisition of both linguistic and non-

linguistic cognitive skills. In response Pinker admits that, 

""^conclusions about innateness could be falsified by the 

discovery of a super-acquisition procedure... This debate then 

becomes an empirical one" (1996, 36) . My point is that the 

debate has always been an empirical debate, not one that can 

be decided by parsimony. However, Pinker has one response: 

"any empirical debate ultimately hinges on parsimony and 

elegance, it being commonly accepted that data always 

underdetermine the theories explaining them" {Ibid., 36). 

The underdetermination assumption that Pinker refers to 

concerns cases in which two theories are empirically 

equivalent, e.g., they make the Scime predictions. Even if 

one accepts the underdetermination assumption (Laudan and 

Leplin 1991, for example, do not), one needs to be careful 

not to invoke parsimony too soon. Pinker assumes that the 
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empiricist and nativist hypotheses are ripe for arguments 

from parsimony. However, as Chomsky shows, the nativist and 

empiricist hypotheses make different predictions concerning 

children's ability to learn languages. If children adopt the 

empiricist strategy, Chomsky argues, they won't learn 

languages. If Chomsky is right. Pinker, it seems, has 

invoked parsimony too soon. 

4.4 The Nature of Innateness »P.) 

How does one settle the nativism debate? Most importantly, 

one must determine what the issue is. Cognitive scientists 

tend to agree that innateness is a biological property. If 

innateness is a biological property it ought be defined 

accordingly. Yet many cognitive scientists, including Pinker 

(see premise #1), improperly contrast innate with what is 

learned and not, as the biologist has it, with what is 

acquired from environmental cues. There is a difference: 

learning is one way to acquire traits, but there are others. 

Sunburns are acquired from too much exposure to the sun. Yet 

sunburns are neither learned nor innate. Rather, the 

capacity for sunburns is innate but the stimulus is 

environmental. 

One might respond that the domain of biologists differs 

from that of cognitive scientists such that contrasting 

As we shall see, Chomslcy is, at times, quite careful to make the 
proper distinction. 
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innate with learned is proper for cognitive scientists. 

After all, there is at least a prima facie difference between 

the manifestation of primary concepts or language acquisition 

devices on the one hand and the development of limbs or 

abdominal bristles on the other. 

However, the issue for language acquisition is 

developmental: how do humans develop the languages they do? 

(or, how do humans develop their language acquisition devices 

required for learning languages?) Learning is one way to 

acquire a developmental trait, but there are other ways. For 

example, consider the environmental factors that are said to 

contribute to the development of IQ scores—proper nutrition, 

stimulating environment, etc. The relationship between 

nutrition, say, and the development of IQ scores is not a 

case of "learning", yet we say that the development of IQ 

scores is clearly an environmentally sensitive trait. 

Consequently, proof that some aspect of language acquisition 

is not learned is not proof that aspect of language 

acquisition is innate. 

The debate over language acquisition is not the only one 

in cognitive science where losing sight of the developmental 

issue leads to inconclusive arguments for innativism. Jerry 

Fodor, in his argument for innativism of our primitive 

concepts seems to argue straight from the idea that primitive 

concepts are unlearned to the idea that they are innate 

(Sterelny 1987, 126) . Let us look at this argument in more 
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detail. 

4.5 Fodor^s Nativism 

On Fodor's view humans attain concepts either by a "rational" 

process of learning, or by a ''^brute causal" process whereby 

an occasioning experience activates the ^^innately fixed" 

sensori\im whose function it is to map inputs to concepts. 

According to Fodor, concept-learning "involves the inductive 

fixation of certain beliefs, and the mechanisms of concept 

learning are realizations of some species of inductive logic. 

In particular, they involve the formulation and confirmation 

of hypotheses about the identity of the concept being 

learned" (1981, 267). Each trial of the inductive procedure 

requires a candidate hypothesis to test. In other words, 

induction requires that one already possess a concept to test 

against the data. Consequently, concept-learning applies 

only to the attainment of "complex" concepts since the 

inductive procedure at best allows one to put together the 

basic concepts that one already possesses. Hence, primitive 

concepts must be attained in some other way (p. 272). The 

"other way" amounts to nativism about concept attainment: 

"the normal relation between lexical concepts and their 

occasioning experiences is brute-causal, i.e. ^merely' 

empirical: such experiences function as the innately 

specified triggers of the concept which they—to borrow the 

ethological jargon—'release'" (p. 280). 
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In sum: if a concept is not attained by concept-learning 

it is triggered, hence innate. Primitive concepts are not 

attained by concept-learning; therefore primitive concepts 

are triggered, hence innate. What makes "triggered" concepts 

innate is that they result from the activation (by a 

triggering experience) of the innately specified sensorium. 

Fodor's innateness argument is inconclusive in the face 

of an empiricist who contends that primitive concepts are 

acquired even if unlearned. Consider this line of reasoning: 

the nature of our built-in sensorium is such that when we 

experience a primary quality for the first time (think 

^^red"), we develop the concept of that quality (red) as its 

content is conveyed from the environment to our minds. On 

this view, it is the nature of the particular experience that 

accounts for the concept that is developed (Wendler 1996, 

480) .38 

Of course, (as Wendler puts it) it would be well for the 

innativisL like Fodor to press the empiricist for details of 

this process, but without a story to tell about what makes 

activation of the sensorium account for the development of 

the concept, Fodor is in no better position. The point is 

that, on either view, the developmental issue remains open: 

how do we account for the development of our primitive 

Wendler claims that this is Locke's line of reasoning. However, 
Wendler fails to support the claim with the appropriate exegesis. 
Nevertheless I take it that Wendler'a line is a reasonable one for an 
empiricist to take. 
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concepts? All agree on the necessary ingredients—an 

experience, a concept, and a sensorium—though none have a 

developmental story that would put them all together. 

Reading the debate this way renders the two positions, 

innativism and empiricism, as non-starters. 

To be fair, Fodor appears to provide two arguments for 

why triggered traits are innate. Neither are conclusive, but 

both are suggestive. The first is an argument by analogy. 

In the ethology literature ducklings imprint the ^^mother" 

concept on just about anything the newborn sees moving. So 

says Fodor, the relation between the triggering experience 

and the "mother" concept is arbitrary. Fodor does not make 

clear the importance of the arbitrariness of the link between 

experiential cue and concept, but the idea must be something 

like this: the experience (moving) does not distinguish 

between the attainment of "mother" from, say, the concept of 

"danger", hence the experience does not explain the 

development of the "mother" concept, the activation of the 

sensorium does. There are two problems with this line of 

reasoning. First, for most of our concepts, the relationship 

between the concept and the stimulus is anything but 

arbitrary. For example, the attainment of a "red" concept is 

elicited by an instance of a red experience, that is why the 

blind do not have a "red" concept (Sterelny 1987, 126). 

Second, the strengths of Fodor's arbitrariness argument 

amounts to the claim that experience (alone?) does not 
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explain the development of our primary concepts. But how 

does the activation of the sensorium explain the development 

of such concepts? The developmental issue remains open. 

Innativism is not much better off than Empiricism, in that 

regard. 

Fodor's second argument is explicitly preformationist. 

Triggered concepts are preformed "in" the organism awaiting 

an environmental experience to "tacks on" the concept to 

reality such that the concept becomes epistemologically 

available (Sterelny 1987, 127) : "The structure of the 

sensorium is such that certain inputs trigger the 

availability of certain concepts. Punkt" (Fodor 1987, 273). 

Accordingly, ducklings already have a ^^mother" concept 

awaiting to be released and imprinted on whatever object that 

moves. Preformationism provides no answer to the 

developmental issue: how did the preformed concept get "into" 

the mind of the organism? 

Fodor thinks that Darwin has that answer; "there are 

fledgling ducks for which the operative rule seems to be: if 

it moves, it's mother. The fact that this experience triggers 

this concept is surely to be understood on a Darwinian model 

and not on the model of concept learning" (Fodor 1981, 125). 

In chapter two of his dissertation I argue that since nature 

selects for outcomes and is often insensitive to the 

development means by which the outcome is instantiated, 

selection does not explain how an individual develops its 
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traits. If I am right, Darwin is no help to Fodor. 

On my view, the question of concept development requires 

a developmental story that demonstrates how '^inborn 

endowments" (e.g. the "sensorium") interact with bits of the 

environment to produce the concept in question. This is not 

to say that the innativism and empiricist positions disappear 

once the proper developmental story is told. Innativism and 

empiricism re-emerges in developmental biology, this time as 

competing empirical hypotheses about the nature of the 

developmental pathway as opposed to competing a priori 

arguments. The innativist hypothesizes that the development 

of primitive concepts are to some degree canalized while 

empiricist hypothesizes that development is environmentally 

sensitive. 

Before turning to Chomsky's innateness arguments I wish 

to remark on Godfrey-Smith's suggestion to view the 

relationship between innateness, learning, and acquiring as a 

matter of degree. Learners track the state of the world and 

react to the changes in their environments with appropriate 

behavioral and cognitive adjustments (Godfrey-Smith 1996). 

At the other end of the spectrum, organisms with "innate" 

knowledge are relatively insensitive to the states of the 

world. They tend to exhibit their behavior or instantiate 

their beliefs come what may. In other words, we might view 

learning as a conditional strategy while innate knowledge is 

unconditional (Sober 1994). Between the two extremes are 
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matter of degree differences that depend on the complexity of 

the conditional strategy. At one extreme are those who 

conform to the inflexible rule "Do (or believe) X" no matter 

what the state of the world happens to be. Less innate are 

those that conform to the conditional rules, e.g., "Do (or 

believe) X, if your experience is C." More complex 

conditionals are closer to the learned spectrum, e.g., "Do 

(or believe) X if your experience is C, do (or believe) Y if 

your experience is D." The more sensitive to the world the 

cognizer seems to be, the less inclined we are to regard the 

belief or behavior to be innate. 

Note that the conditionals do not necessarily describe 

cognitive processes. The dichotomous development of bees 

could be described as following the conditional rule: 

"develop queen if fed an above threshold amount of royal 

jelly, otherwise develop sterile worker". Godfrey-Smith's 

conditionals do not necessarily distinguish cases of learning 

from cases of developmental pathways that follow a certain 

rule. 

4.6 Chomsky's Linauistir: RRVolntion 

In the remainder of this chapter I apply the canalization 

account of innateness to interpret Chomsky's language 

acquisition theory. On my view, Chomsky's poverty of 

stimulus argument is insufficient to establish the innateness 

of a language faculty. However, the impoverishment of the 
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developing child's linguistic environment is strong evidence 

for Chomsky's hypothesis that languages are not learned, 

rather they are '^grown". Further "canalization" premises are 

required for evidence that language acquisition devices 

(assuming they in fact exist) are innate. Along the way, I 

sketch-out Chomsky's program, advancing my two-fold view of 

Chomsky's leading idea and trying to make clear exactly what 

it is about language acquisition that is innate. 

In Plato's The Meno Socrates demonstrates that an 

untrained slave boy, when led through a series of specific 

questions, can be shown to know the principles of geometry. 

How was the slave boy able to find truths about geometry 

without previous training? According to Chomsky, a 

variation of Plato's problem arises in the study of language 

acquisition. Language users exhibit a rich and specific 

(albeit tacit) knowledge of the grammatical structure of 

their language that allows speakers to interpret nearly an 

infinite number of linguistic expressions, including ones 

that the speaker has never heard before. The linguistic 

version of Plato's problem raises the question of how a child 

comes to master the rules and principles that constitute the 

mature system of knowledge of language without prior 

training, and when the evidence available to the maturing 

language speaker is so meager. 

Chomsky's answer to Plato's problem is essentially a 

modernized version of Plato's answer in The Meno (1993). For 
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Plato, the child remembers the knowledge of the geometrical 

principles from an earlier existence and he recollects it in 

his mind through Socrates' leading questions. For Chomsky, 

'^certain aspects of our knowledge and understanding are 

innate, part of our biological endowment, genetically 

determined, on par with the elements of our common nature 

that causes us to grow arms and legs rather than wings" 

(1988, 4). 

Prima facie Chomsky's answer to the linguistic version 

of Plato's problem invokes the psychological version of the 

nature/nurture debate, whereby Chomsky argues that language 

acquisition is not all learning, rather it involves innate 

mechanisms. So, by attributing language acquisition to our 

biological endowments rather than our training experience, 

isn't Chomsky merely saying, as some commentators and critics 

have suggested, that language acquisition involves innate 

mechanisms? If so, Chomsky is open to the charge that "this 

indisputable point about language", namely that language 

acquisition involves innate mechanisms, ^'is in no conflict 

with latter-day attitudes that are associated with the name 

of empiricism, or behaviorism". For, the empiricist and the 

behaviorist ^*is knowingly and cheerfully up to his neck in 

innate mechanisms of learning-readiness" (Quine, quoted in 

Stich 1974, 200). 

However, on a closer reading, Chomsky's answer to 

Plato's problem is not merely that language acquisition 
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involves innate mechanism. Rather, Chomsky's answer is two

fold. First, and most importantly, Chomsky views language 

acquisition as an aspect of biological growth or biological 

development rather than an aspect of learning via 

conditioning, training, habit-formation, or general learning 

mechanisms such as induction as the behaviorists or the 

empiricists would have it (Chomsky 1988, 542). An important 

methodological consequence follows from Chomsky's attributing 

language acquisition to biological growth: the study of 

language acquisition should then fall within the realm of the 

biological sciences. The second part of Chomsky's answer 

concerns the nature of the biological mechanisms involved in 

a child's development of its linguistic knowledge. The 

development of certain linguistic principles, rules, and 

learning biases are innate rather than acquired from the 

speaker's environment. 

Chomsky's answer to Plato's problem is not merely that 

language acquisition involves innate mechanisms for learning 

readiness. Rather, Chomsky contends that language 

acquisition is an aspect of physical growth. Viewed this 

way, the main issue is not whether language acquisition is 

innate rather than learned; in fact, Chomsky never argues 

that language acquisition is innate, for that would be, 

strictly speaking, false. Children raised exclusively in a 

Norwegian linguistic community will acquire the generative 

grammar specific to the Norwegians even if the children's 
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parents themselves are Zambian.^® Rather, the issue at hand 

for Chomsky involves the distinction between physical growth 

and learning: "Language learning is not really something that 

the child does; it is something that happens to the child 

placed in an appropriate environment, much as the child's 

body grows and matures in a pre-determined way when provided 

with appropriate nutrition and environmental stimulation" 

(1987, 519) . 

I take Chomsky as implicitly recognizing that innateness 

should not be contrasted with learning, rather innateness 

contrasts with what is acquired via environmental experience. 

To summarize our discussion in the last section on Fodor, 

learning is one way to acquire a trait, but not all unlearned 

traits are innate. In regard to language acquisition, 

Chomsky admits that the sort of biological mechanisms that he 

proposes are responsible for language acquisition are quite 

sensitive {not innate) to environmental conditions. Chomsky 

emphasizes, "[It] is not to say that the nature of the 

environment is irrelevant...the difference between a rich and 

stimulating environment and an impoverished one may be 

substantial, in language acquisition as in physical 

growth...capacities that are part of our common human 

endowment can flourish, or can be restricted and suppressed, 

^^Chomsky does say that from a Martian scientist's point of view, it 
appears that knowledge of language that is used within a language 
coiranunity on earth is almost entirely innate. But, Chomsky states, this 
appearance is "not entirely true" implying that what's innate is only 
part of the story (1993, 518) . 
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depending on the conditions provided for their growth" (1987, 

520) . To sximmarize, language acquisition itself is an aspect 

of physical growth, but of course the process of language 

acquisition itself is not innate; rather it is quite 

sensitive to a range of environmental conditions. 

In regard to Chomsky's second point, what is innate is, 

^^the initial state of the language faculty" (1987, 519) . 

What is the initial state of the language faculty? It is, 

deterministic input-output system that takes presented data 

as its input and produces a highly structured cognitive 

system of a very specific form as its ^output'—here the 

output is internalized, represented in the mind/brain; it is 

the steady-state of knowledge of some particular language. 

The initial state of the language faculty can be regarded, in 

essence, as a language-acquisition device" (Chomsky 1987, 

521) . 

This requires some unpacking. The language acquisition 

device (synonymous with "language faculty") is what converts 

data that a speaker hears (or sees if the child is deaf) into 

an internalized system of rules and principles which in turn 

allows the child to possess ^linguistic intuitions' or an 

ability to make an incredible number of judgments about the 

grcimmatical properties of the child's particular language. 

As Chomsky describes it, the linguistic intuitions generated 

by the language faculty ^^determines a vast range of potential 

phenomenon; it assign a structure to linguistic expressions 
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that go far beyond any experience". For example, "If the 

language is Spanish, then the cognitive system that the child 

has acquired determines that strid is not a possible word; 

the same is true if the language is Arabic, but not English" 

(1988, 36) . 

The language faculty consists of the overall grammatical 

structure and formal rules that all children are purportedly 

to know prior to learning any specific human language. In 

addition the language faculty contains parameters whose 

values vary from language-to-language and a procedure to set 

the parameters depending upon the specific language the child 

attains. 

It is important to note for clarity's sake that the 

theory of the language acquisition device is different from 

Chomsky's theory of "universal grammar". Universal grammar 

may encompass more than the set of learnable languages, while 

language acquisition devices are supposed to be common for 

all actual learnable languages (Chomsky 1987, 522) . The 

existence of a language acquisition device is the siabject for 

both the growth versus learning issue and the innate versus 

acquired issue. 

4.7 Chomsky's Poverty of Stimulus Argument 

Many believe that Chomsky's "poverty of stimulus" (or "POS" 

for short) argiament sufficiently establishes the innateness 

of the language acquisition device in humans. On the view I 
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advance here, POS establishes a distinct conclusion: 

languages are not learned from the primary linguistic data a 

child is exposed to, rather they are '"grown". To establish 

the innateness of the language acquisition device Chomsky 

requires a few additional premises. 

My interpretation rests upon several key points. First, 

it is important to note that Chomsky's arguments rest on a 

background assumption that speakers possess an internally 

stored system of rules and definitions, a generative grammar, 

somewhere in their heads. The argument for the existence of 

generative grammar has the form of an inference to the best 

explanation: ""I know of no other account that even attempts 

to deal with the fact that our judgments and behavior accord 

with and are in part explained by certain rule systems..." 

(Chomsky, quoted in Ramsey and Stich, 181) . Given Chomsky's 

background assumption the acquisition issue for language is: 

how do speakers come to possess the internally stored grammar 

of their language that they do? There are really two issues 

here. One, is the internally stored grammar learned or is it 

grown? Second, what about the growth (or learning) of 

languages is acquired and what is innate? On my reading, 

Chomsky advances the POS argument to demonstrate that 

speakers do not learn their generative grammars from the 

linguistic data they are exposed to during language 

development. Now, as I mentioned before, proof that a trait 

is not learned is not sufficient proof for the innateness of 
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a trait, for unlearned traits may still be acquired during 

biological development. I take Chomsky (unlike Fodor) to 

acknowledge this point by distinguishing between learning 

theories and growth theories. Accordingly, development of a 

language necessarily requires the linguistic data to which a 

speaker is exposed, but the data itself are not learned. 

The second issue is, what about language growth is 

innate? All humans possess a language acquisition device 

that includes a universal grammar and parameters for setting 

the grammar given certain data. Importantly, innateness is 

best understood as a developmental phenomenon: a trait is 

innate to the degree that it is the product of canalized 

development. On my view, POS does not demonstrate 

canalization of a language acquisition device. As we shall 

see, other observations about the primary linguistic data 

does. 

Before I begin, a note about a competing interpretation. 

Although I borrow from Ramsey and Stich (1990) the idea that 

the POS argument itself is insufficient for the establishment 

of the innateness of a language acquisition device, there is 

an important difference between my presentation and theirs. 

According to Ramsey and Stich, if Chomsky's nativism is 

supposed to undermine empiricism about language acquisition, 

Chomsky has to do more than establish the existence of biases 

in language learning (recall the staunchest empiricist agrees 

that language acquisition involves innate mechanisms for 
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language readiness) . This much I agree. But Ramsey and 

Stich fail to take seriously Chomsky's distinction between 

growth theories and learning theories.Rather, Ramsey and 

Stich argue that Chomsky's argxament against empiricism rests 

on an idea they call ^the Competent Scientist Gambit' : ̂ ^the 

basic idea is to portray a learning mechanism that is at 

least as powerful as anything dreamt of in the empiricist 

conception of the mind, and then argue that such a learning 

mechanism could not do what the child does. If this can be 

shown, then all empiricist theories will fall together" 

(183) . 

First, I find no evidence of the ^Competent Scientist 

Gambit' in Chomsky's texts, nor do Ramsey and Stich cite 

evidence for it. Second, I do not think the "Competent 

Scientist Gambit' is a very good argument. What constitutes 

the most powerful empiricist conception of the mind? Ramsey 

and Stich do hint at the sorts of things the competent 

scientists is allowed to do: "In going eibout the business of 

constructing and testing hypotheses about the grammar she is 

trying to discover, the scientist will be able to exploit any 

inferential strategy that would be permitted by any account 

of the mind compatible with empiricist strictures" (1990, 

184) . Ramsey and Stich provide few clues as to what the 

"empiricist strictures' are. Without a clear idea of what 

^°The omission is strange given that they cite passages from Chomsky 
(1980) a source where Chomsky makes the distinction most clear. 
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constitutes the most powerful empiricist, Ramsey and Stich's 

thought experiment is inconclusive, vague, and not subject to 

empirical test (at least I do not see how it could be) . My 

version of Chomsky's nativism rests on empirically testable 

premises and not on a priori intuitions about the abilities 

of competent scientists versus the language acquisition 

abilities of children. 

Further, an empiricist's capacity to build adequate 

theories improves over time. Possibly future empiricists 

might discover more powerful inferential strategies than what 

is dreamed of today. Consequently, as empiricist theory-

building gets better, Chomsky's argument gets weaker. I 

think this is an undesirable consequence of Ramsey and 

Stich's interpretation. A better one is not contingent on 

determining what constitutes a competent scientist. Let us 

now turn to my interpretation of Chomsky's nativism. 

There are three aspects about the ^^primary linguistic 

data" that a child is exposed to during its language 

development that justify our calling it a very impoverished 

sample (the following are paraphrased from Ramsey and Stich 

1990) : 

1) The set of sentences that a competent speaker of a 

language can use, comprehend, and offer linguistic intuitions 

about is vastly larger than the idiosyncratic set of 

sentences to which children are exposed in the course of 
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developing a language. 

2) While developing their language, the speech children hear 

does not consist exclusively of complete grammatical 

sentences. Rather, they are typically exposed to a large 

assortment of non-sentences, including slips of the tongue, 

incomplete thoughts, samples of foreign languages, and even 

intentional nonsense. Thus, the data the child has available 

for learning to tell sentences from non-sentences are 

remarkably messy. 

3) Children...are rarely given any indication that certain 

queer and complex sentences are ungrammatical, that certain 

pairs of sentences are paraphrases of one another, and so on. 

Despite the impoverished sample data children develop an 

internalized grammar. How is that possible? The degraded 

nature of the data suggests that the internalized grammar 

that children possess is not learned from the child's primary 

linguistic data. The data severely underdetermine the 

linguistic capabilities children eventually exhibit. In 

other words, the child's grammar cannot be learned from the 

data available to them. That is not to say that children are 

insensitive to the data. Language acquisition requires the 

environmental cues as part of the developing process. 

Rather, the best model for language acquisition does not 



165 

postulate that children learn their generative grammar from 

the linguistic data. They grow them under the influence of 

the environmental cues they are exposed to. The proper model 

for language development is not learning but growth (or 

biological development). 

Ramsey and Stich assert that POS requires that children 

come to language development task with an innate mechanism of 

some sophistication. On my view, the requirement of an 

innate mechanism is indirectly suggested by the POS. The 

degraded linguistic environment is evidence for Chomsky's 

growth hypothesis while biological growth often involves some 

innate mechanisms. Further evidence of an innate mechanism, 

and the characterization of what is innate, requires more 

than the POS conditions. What's more depends on a further 

premise about the primary linguistic data (see below). 

Let us consider an analogy. Gottlieb noticed that the 

maternal response call specific to the species of ducklings 

is recognized in ducklings that have not been exposed to the 

call before. When fledglings are placed in a degraded 

environment, where they have no opportunity to learn the 

behavior form environmental cues, ducklings develop the 

behavior nonetheless. It does not follow from Gottlieb 

isolation-rearing experiment that the development of maternal 

response calls is not influenced by environmental 

circumstances (obviously, for environment effects the 

development of all traits). Further research shows an non-
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obvious necessary environmental condition for response calls 

Ducklings require having heard its own or its sibling's 

contact call in embryo. Otherwise, no species-specific 

maternal response behavior develops. 

So far we've said nothing about the innateness of the 

maternal response call. Rather, the duckling analog to the 

POS argument demonstrates that maternal response calls are 

not learned but are part of normal growth. The innateness 

(i.e. canalization) arguments comes later. But, what is the 

difference between learning from environmental conditions 

(even if learning is part of the acquisition story) and 

environmentally sensitive growth? Chomsky writes: 

There are certain processes that one thinks of in 
connection with learning: association, induction, 
conditioning, hypothesis-formation and confirmation, 
abstraction and generalization, and so on. It is not 
clear that these processes play a significant role in 
the acquisition of language. Therefore, if learning is 
characterized in terms of its distinctive processes, it 
may well be that language is not learned (1980, 13) . 

Chomsky contends that the environmental cues help shape and 

trigger the unfolding of developmental process. "Shaping" 

and "^triggering" are meant to be distinguished from 

"•^learning", as the quote above suggests. What is the 

difference between shaping and learning? This is worth 

pursuing a bit. First I quote Chomsky's distinction between 

shaping and triggering effects of the environment on 

biological growth, then I apply Waddington's epigenetic 
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landscape model to further illustrate what I take Chomsky to 

be distinguishing. 

On shaping: 

Take the standard conditioning paradigm, in which a 
course of behavior is constructed in a step-by-step 
process by manipulation of reinforcement contingencies— 
that is, contingencies, that for some reason change the 
probability of behavior. This is an example of a 
shaping effect of the environment. 

On triggering: 

Suppose, in contrast, that certain environmental 
conditions are required to set in operation an 
intrinsically determined process...In such cases the 
processes that take place are not shaped by the 
environment; they do not reflect the course of 
interchange with it...When external conditions are 
necessary for or facilitate the unfolding of an 
internally controlled process, we can speak of their 
"triggering" effect (1980, 2) . 

Although, as I suggested in the last chapter, the 

canalization account eschews talk of "triggers" (mainly 

because the term is often associated with preformationist 

theories of development), Waddington's epigenetic landscape 

model might help illustrate the difference Chomsky wishes to 

draw between an environment's shaping effect and its 

triggering effect on growth. Chomsky's "^triggering" effect 

resembles the notion of an environmental precondition for the 

canalization of an endstate. Going back to Gottlieb research 

on ducklings, he concludes that the contact call is a 

precondition for the canalization of the maternal response 
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trait (Gottlieb 1991). Without the contact call, maternal 

response behavior is not canalized. Likewise, in the bee 

larvae case, the threshold amount of royal jelly acts a 

precondition for the canalization of either sterile 

workerness or cjueen beeness. On Waddington's epigenetic 

landscape model (or metaphor), both the contact call and the 

amount of royal jelly act to ^^push" development into one or 

another developmental pathways leading to distinct endstates. 

Recall that Waddington used this epigenetic model to 

illustrate why, for a large class of traits, morphological 

differences between individuals are distinct rather than 

continuous. 

In contrast, consider the relationship between amount of 

fertilizer and plant height, the more fertilizer in the soil, 

the taller the plant. Hence, plant height is highly 

environmentally sensitive, not canalized. Here, the relation 

between fertilizer and plant height is represented by a 

monotonic function, the more fertilizer, the taller the plant 

grows. Consec|[uently, moirphological differences between 

individuals will be continuous, rather than discontinuous as 

in the bee and duckling examples. The continuous 

relationship between the environmental cues and the 

development endstate represents what Chomsky calls the 

environment's ^^shaping" effect on development. 

Despite Chomsky's distinction, there is room for one to 

argue that the role of primary linguistic data in language 
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development is involved in a learning process. A proponent 

of this view must either show that learning involves other 

processes besides induction, hypothesis formation and 

confirmation, and the like in which case what is commonly 

conceived of the distinction between growth and learning is 

mistaken, or one must demonstrate language development does 

not involve shaping and triggering effects after all. I 

leave this issue aside for now. 

Getting back to the POS argument, let me summarize the 

main points so far. The poverty of stimulus argument 

provides strong evidence that children do not simply learn 

their languages: a child's learning environment is too 

degraded to explain how she develops her rich linguistic 

intuitions. That is not to say that the child's linguistic 

environment plays no role in language development. Rather, 

environmental conditions shape and trigger a child's language 

development just as the development of other biological 

organs are effected by environmental conditions. 

Above, I asserted that the POS conditions alone do not 

constitute sufficient evidence for innativism, further 

evidence is required. So, I distinguished between the growth 

vs. learning issue from the issue of what is involved in the 

development of language. Now, consider a further observation 

about the linguistic data: 

4) Despite exposure to significantly different samples of 
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data, different children in the same linguistic community end 

up having essentially the same linguistic intuitions, and 

thus, it is plausible to suppose, essentially the same 

internalized grammar (Ramsey and Stich 1990, 182). 

The population sample is evidence that a child's 

linguistic development is canalized within the range of a 

particular linguistic community. The children's linguistic 

capacities develop despite perturbations in the samples of 

linguistic data that children are exposed to. Different 

children are exposed to different bits of linguistic data. 

Nevertheless the children share the same linguistic 

intuitions (the intuitions are due to the possession of an 

internalized grammar according to Chomsky). In other words, 

within a particular linguistic community, the linguistic 

development exhibits a £lat norm of reaction. The norm of 

reaction here is a population-level phenomenon, though it 

serves as evidence that the internalized grammar particular 

to a language community is canalized, a property of 

individual development. Had a child been exposed to a 

certain bit of the linguistic data, he would have fully 

develop his linguistic capacities just the same as he would 

had he been exposed to a different bit of the linguistic 

data. 

The case of ^^Simon", a deaf child whose linguistic 

development was studied by Jenny Singleton and Elissa Newport 

provides startling evidence for the canalization of a 
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particular set of linguistic intuitions. Simon's parents had 

a poor grasp of the grammatical rules associated with 

American Sign Language (ASL) yet Simon's early exposure to 

ASL was exclusively through his parents. Nevertheless, 

Simon's own abilities to sign in ASL developed nearly 

'^normally" (Pinker 1994, 39) . Even in the depraved 

linguistic environment whereby Simon's parents violated basic 

ASL grammatical rules,Simon was able to develop the 

"^correct" grammatical rules. 

A small step takes us from canalized linguistic 

intuitions between speakers of a common linguistic community 

to canalization of common intuitions among all human 

speakers. The test is to see if there are principled 

similarities in the linguistic capabilities of all human 

language speakers. These common abilities, says Chomsky, are 

due to a biological feature, a language acquisition device, 

which is characterized by a common set of linguistic rules, 

principles and parameters (characterized by universal 

grammar) for all language speakers across all human 

languages. Chomsky cites evidence that the language 

acquisition device is strongly canalized, it emerges in even 

^^stressed" cognitive development systems and their atypical 

environments: "The language faculty functions in humans even 

under conditions of severe pathology and deprivation. 

^^According to Pinker, Simon's parents signed grammatical structures 
that violated the rules of Universal Grammar (p. 38) . 
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Children afflicted with Down's syndrome (Mongoloids), who are 

incapable of many intellectual achievements, nevertheless 

appear to develop language in something like the normal 

manner, though at a much slower pace and within certain 

limits. Blind children suffer serious deprivation of 

experience, but their language faculty develops in a normal 

way" (Chomsky 1988, 35) . We can sum the evidence for the 

existence of a language acquisition device for all speakers 

in the following way: 

5) Despite wide differences in language communities, certain 

universal grammar rules are common for all language speakers. 

Now we have evidence for the canalization of a language 

acquisition device. As I've been stressing, the POS 

conditions do not provide the required evidence for 

canalization. 

4.8 Conclusion 

From a biological point of view, Chomsky's poverty of 

stimulus argument in favor of nativism is much stronger than 

Pinker's, or, at least it offers a more serious challenge to 

the empiricist. The poverty of the stimulus argument is 

meant to demonstrate that the rules for various languages are 

not sufficiently accessible in environments where children 

develop their language skills. Chomsky's argument 
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compliments the view suggested by birdsong studies. To 

determine whether a bird has its song innately (to some 

degree), it is isolated from possible learning sources (e.g. 

by deafening juvenile birds) . Chomsky's argument is 

analogous (though he does not, to my knowledge, deafen 

children). All children are naturally isolated from possible 

learning sources necessary to acquire universal gramunar. 

Simple empirical evidence shows that they develop language 

nevertheless. So, it seems that a child's linguistic 

environment is too impoverished to explain how children 

acquire the complex linguistic rules that they in fact adhere 

to in their own speech. Children cannot learn AP(L) because 

in fact it is not "in" their environment (compare this to 

Pinker's argument from logical necessity). Through evidence 

that certain linguistic capabilities are canalized, Chomsky 

rightly concludes that children must be equipped with some 

innate-biases. 
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CONCLUSION 

Even if one does not accept my arguments supporting the 

canalization account of innateness I hope one at least sees 

the merit for a developmental account of innateness. Even if 

one does not accept my arguments supporting the developmental 

account of innateness I hope one finds that this dissertation 

has at least clarified some conceptual confusions in the 

literature on innateness. 
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