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Our Plastic Nature

Paul Griffiths

In one sense the idea of human nature should be uncontroversial. Human nature is 
simply what human beings are like. If there were no human nature, then the human 
sciences could study only individuals and particular social groups. But many disci-
plines study human beings generally, and human society generally, and this is surely 
reasonable. However, human nature is commonly understood in a second, causal 
sense. Human nature is something that causes us to have these human characteris-
tics. It is this sense of human nature that has frequently been controversial, and 
which we need to rethink substantially in the light of current biology.

The first idea that needs to be revised is that human nature is inside us. I will 
argue that human nature results from the whole organism–environment system that 
supports human development. There is no special part, such as our blood or our 
genes, where human nature resides. That is to say, I will take a developmental 
systems perspective on human nature (Griffiths and Gray 1994; Oyama 1985; Oyama, 
Griffiths, and Gray 2001).

Another connotation of “human nature” is that it is something we all share: 
human universals. But a major theme in recent evolutionary biology has been phe-
notypic plasticity, both as an adaptive phenomenon and as a potential source of 
evolutionary novelty (Schlichting and Pigliucci 1998; Sultan 1992, 2000; Uller 2008; 
West-Eberhard 2003). Hence human nature in the causal sense includes the causes 
of difference as well as of uniformity. Human nature in the descriptive sense includes 
patterns of human difference, not merely human universals.

Before exploring these two themes I want to outline recent work by a group of 
collaborators and myself suggesting that people’s idea of human nature arose from 
an intuitive “folkbiology” whose conceptual structure is fundamentally inhospitable 
to a developmental perspective on biology.

The Folkbiology of Human Nature

The study of “folkbiology” is part of the broader field of cognitive anthropology 
(Atran 1990; Berlin 1992; Medin and Atran 1999). People everywhere identify at 
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least three general levels of biological classification: a “generic species” category 
(e.g., cats and oaks), a superordinate category of biological domains (e.g., animals 
and plants), and a subordinate category of species varieties (e.g., Siamese cats or 
holm oaks). The generic species level is of particular importance. Membership in a 
generic species is associated with “psychological essentialism” (Medin and Atran 
2004). This is the belief that members of a species share an essence or inner nature 
which causes them to share the typical properties of that kind.

Psychological essentialism explains two findings. First, adults believe that mem-
bership in a species is inherited by descent and is not changed if something changes 
the observable properties of an individual, even if this change makes the individual 
more similar to members of another generic species than to members of its original 
generic species. Second, adults believe that the development of species-typical traits 
does not depend on environmental influences. If asked to imagine a cow that has 
been raised by a family of pigs, adults assume that the cow will display the normal 
bovine trait of mooing instead of oinking like the pigs (Atran, Medin, Lynch,  
Vapnarsky, Edilberto, and Sousa 2001). Scott Atran has proposed that folkbiology 
has another core feature: the tendency to explain traits teleologically (Atran 1995). 
That is, people tend to explain the traits possessed by animals and plants by  
asserting that these traits have a purpose, but this additional proposal remains 
controversial.

I have argued elsewhere that terms like “innate,” “instinctive,” and “human 
nature” are expressions of this kind of psychological essentialism (Griffiths 2002). 
They express aspects of a folkbiological (implicit) theory of “animal natures” 
(Griffiths, Machery, and Linquist 2009). Animal natures are transmitted from parent 
to offspring. When an individual develops, some of its traits are expressions of this 
inner nature, while others are imposed by the environment. Human nature as com-
monly understood is the application of this implicit theory to human beings.

Folkbiological classifications of plants and animals have an important practical 
role. They provide a framework for inductive inference. Generalizations from one 
organism to another are made in proportion to the distance between those organ-
isms in the folk taxonomy. The folkbiological distinction between traits that are 
expressions of an animal’s nature and those that are imposed by the environment 
has a related role. It specifies the range of traits for which inductive inference within 
a species or larger folk classification is supposed to be reliable. If a trait is an expres-
sion of an animal’s nature, then it make sense to expect other members of the species 
to share it. It also provides a source of expectations about heredity. Traits that reflect 
an animal’s nature will be inherited but those imposed on it by the environment 
will not, or at least not in the short term. It may be that folkbiology allows that an 
organism’s nature can, ultimately, be altered by the environment in which it finds 
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itself. Belief in the inheritance of acquired characteristics was widespread in the 
history of biology, as other chapters in this volume make clear.

I have suggested that three features are particularly associated with traits that are 
expressions of the inner nature that organisms inherit from their parents (Griffiths 
2002; Griffiths, Machery, and Linquist 2009). These features are the following:

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

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

Teleology This is how the organism is meant to develop; to lack the innate trait is 
to be malformed; environments that disrupt the development of this trait are them-
selves abnormal.

The three features are described in very general terms because they are supposed 
to be broad themes that will be expressed differently in different cultures.

Whether a trait has these three features will influence whether it is thought to 
stem from an animal’s inner nature. Conversely, if a trait is thought to stem from 
an animal’s inner nature, it will be expected to have these three features. At a practi-
cal level, this means that evidence that a trait has one of the three features will lead 
to the expectation that it has the others.

Griffiths, Machery, and Linquist (2009) tested this model of the folkbiology of 
animal natures by examining the effect of the three features on naive subjects’ 
application of the distinction between innate and acquired characteristics. We argued 
that subjects will label a trait as innate to the extent that they take it to stem from 
the animal’s inner nature rather than being imposed on the animal by its environ-
ment. In that case, the three-feature model predicts that judgments of innateness 
will be influenced by all three features, and that they will influence those judgments 
independently, since each of the three features is evidence for a further, underlying 
property, not for one of the other features.

To test these predictions, the three features were systematically covaried in eight 
vignettes describing the development of birdsong. Birdsong was chosen because it 
was possible to provide realistic examples of birdsong development manifesting 
every possible combination of the three features (for details of the experimental 
designs and data analysis, see Griffiths, Machery, and Linquist 2009). The results 
were broadly supportive of the three-factor theory. The greatest portion of variance 
was explained by Fixity, a slightly smaller amount by Typicality, and a very small 
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amount by Teleology. Most significantly, there was no interaction among the three 
features. Each had an independent effect on whether the song was judged to be an 
innate trait. A more recent series of studies, which we believe address some deficien-
cies in the original version, confirmed our previous results, with the exception that 
the effect of Teleology was not significant (Linquist, Machery, Griffiths, and Stotz in 
press).1 They also showed that replacing the term “innate” with other terms com-
monly used to discuss the issue of innate versus acquired alters the relative signifi-
cance of the three features. When the term “innate” is replaced with “in its DNA” 
all three features explain a substantial proportion of the variance, with Teleology 
the second largest factor.

The folkbiology of animal natures is undoubtedly complex, and it may vary sig-
nificantly between individuals and between groups. Nevertheless, the three-feature 
model does seem to capture something of how biologically naive subjects under-
stand animal natures and, by extension, human nature.

How Folkbiology Obstructs Thinking about Development

Scientists focused on behavioral development have long been critical of the distinc-
tion between innate and acquired characteristics. At the heart of this critique is the 
idea that “innateness” confounds several important, but essentially independent, 
biological properties. There have been many proposed definitions of “innate” which 
try to pick out just one of these properties (Mameli and Bateson 2006). But these 
efforts have not been successful because the other connotations of the word are 
entrenched in everyday usage and inevitably creep back in. The research just 
described shows that Typicality, Fixity, and Teleology each have an independent 
influence on folk judgments about innateness. This means that people need not know 
whether a trait is fixed, or has a function, to decide whether it is innate on the basis 
of evidence about typicality (and vice versa). Thus, if they are told that a trait is 
typical of a species, people may well infer that it is innate. But all three features are 
connotations of the term “innate.” Having judged that a trait is innate, people are 
likely to infer that the trait has all three features. The problem is that traits that  
are Typical are not necessarily Fixed; traits that are Teleological are not necessarily 
Typical; and so forth.

In order to make this last claim, I need to show that Fixity, Typicality, and Teleol-
ogy have meaningful interpretations in terms of real biology, so that there is a fact 
of the matter as to whether they are strongly associated with one another. A mean-
ingful biological interpretation of a feature is some property which manifests the 
basic conceptual themes of that feature and also makes sense in terms of current 
biology.
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The obvious biological interpretation of Teleology is Darwinian adaptation  
(Pittendrigh 1958). An organism is malformed if it fails to develop a phenotype 
which it was designed to develop by natural selection.

The obvious biological interpretation of Fixity is “canalization” (Waddington 
1942). A trait is environmentally canalized if its development is relatively insensitive 
to the manipulation of environmental parameters. A trait is genetically canalized if 
its development is relatively insensitive to the manipulation of genetic parameters. 
Fixity in the current sense corresponds to a high degree of environmental 
canalization.

The obvious biological interpretation of Typicality is simply being a species- 
typical characteristic: one for which a scientific description of the species has no 
reason to mention variation.

Given these interpretations of the three features, I can argue the following:

Adaptation (Teleology) does not imply developmental canalization (Fixity).

Typicality does not imply environmental canalization (Fixity).

Adaptation (Teleology) does not imply Typicality.

Adaptation does not Imply Developmental Canalization

It is easy to suppose that traits which have evolved by natural selection must develop 
independently of the specifics of the developmental environment. If a trait plays a 
role in promoting survival and reproduction, surely its development cannot be left 
to chance? But this overlooks an alternative source of stability. Rather than making 
development independent of environmental parameters, evolution can make devel-
opment reliable by stabilizing environmental parameters at the right value or by 
exploiting preexisting environmental regularities. Development occurs in an “onto-
genetic niche” (Stotz 2008; West and King 1987). Birdsong researchers Meredith 
West, Andrew King, and collaborators have conducted a long-term study of the 
ontogenetic niche of the Brown-headed Cowbird Molothrus ater (West and King 
1988; West, King, White, Gros-Louis, and Freed-Brown 2006). Cowbirds are obligate 
nest parasites (like cuckoos) and do not hear their parents sing. It was therefore 
assumed that they sing “innately.” West and King showed that, instead, among other 
processes, male song is shaped by feedback from female cowbirds, whose wing strok-
ing and gaping displays in response to the songs are strong reinforcers for males. 
Female song preferences are themselves socially transmitted. As a result of these 
and other processes, cowbirds reliably transmit not only species-typical song but 
also regional song dialects.

There is a strong evolutionary rationale for the existence of the “ontogenetic 
niche.” Natural selection does not select for mechanisms which buffer traits against 
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variation in the environment unless variation of that kind regularly occurs. Hence, 
organisms become “addicted” to innumerable aspects of their environment (Deacon 
1997). For example, the human ascorbic acid synthesis pathway was disabled by 
mutation during the long period in which our fruit-eating ancestors had no chance 
of developing vitamin C deficiencies.

Typicality does not Imply Environmental Canalization

One of the functions of the ontogenetic niche is to ensure the reliable development 
of species-typical traits. The ontogenetic niche is a way of ensuring the transgenera-
tional stability of adaptations without environmental canalization.

Another way to look at the concept of the ontogenetic niche is to consider the 
organism as a “developmental system” which includes both the traditional starting 
point of an organism—the egg—and those aspects of the environment which make 
up its ontogenetic niche (Griffiths and Gray 1994, 2004, 2005; Oyama 1985, 2000; 
Oyama, Griffiths, and Gray 2001). If we consider the whole developmental system, 
then many adaptations are, indeed, canalized against perturbations in developmen-
tal parameters—both genetic and environmental. The mechanisms that create this 
canalization extend far beyond the contents of the fertilized egg, let alone the 
genetic material which it contains: the reliability with which cowbirds develop 
species-typical song is ensured by mechanisms that include a flock of cowbirds. The 
burgeoning study of these distributed mechanisms for canalizing normal develop-
ment has been termed “ecological developmental biology” (Gilbert and Epel 2009).

The concepts of ontogenetic niche and developmental system run counter to a 
widely shared intuition that the true nature of something is best revealed by remov-
ing exogenous influences and allowing it to develop under the influence of endog-
enous factors alone. When applied to organisms, that intuition is simply wrong 
(Oyama 1985, 2000). You cannot find out what an ant is “really like” by removing 
the influence of the rest of the ant colony. These “external influences” are an essen-
tial part of the biological nature of the ant. It is these factors that will determine 
whether it develops into a queen, a worker, or some other caste, to mention only 
the grossest aspects of its phenotype. It is equally absurd to suppose that the “bio-
logical” aspects of human beings can be revealed by removing the perturbing influ-
ence of society or culture.

Adaptation does not Imply Typicality

The process of evolution by natural selection has no intrinsic tendency to produce 
species-typical traits. Some adaptations are monomorphic—all human beings have 
lost the ability to synthesize vitamin C. Other adaptations are polymorphic— 
some people can metabolize lactose as adults, and others cannot and are lactose 
intolerant.
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It is hard to see why the prejudice that adaptations will be species-typical persists, 
given the obvious evolutionary rationale for alternative outcomes. Natural selection 
will favor monomorphic traits when ecological factors are temporally stable and 
spatially uniform, and when there is a single winning strategy in evolutionary com-
petition. When selection is frequency-dependent, it will often favor polymorphic 
outcomes. When ecological factors fluctuate over time, selection may favor poly-
morphism, so that a lineage can hedge its bets, or phenotypic plasticity. When eco-
logical factors fluctuate across space, selection may favor the emergence of a range 
of “ecotypes” or the evolution of phenotypic plasticity.

The second function of the ontogenetic niche is to provide the input to mecha-
nisms of phenotypic plasticity. The classical example of phenotypic plasticity is the 
water flea Daphnia pulex, which invests resources in growing a defensive “helmet” 
if it is exposed to chemical traces of predators, or if its mother has been exposed to 
those traces (Lüning 1992). The first of these triggers is an example of intragenera-
tional phenotypic plasticity, and the second, of transgenerational phenotypic plastic-
ity, or parental effects (Gluckman, Hanson, Spencer, and Bateson 2005; Mousseau 
and Fox 1998; Uller 2008).

Human Nature and Developmental Systems

The error at the heart of folkbiology is the idea that some traits are expressions of 
an internal factor—the nature of the animal—while others result from the action 
of the environment. If the best biological interpretation of an animal’s inner nature 
is its genetic endowment, then this is false. Both “innate” and “acquired” traits result 
from the interaction of genes and environment—a truism sometimes known as the 
“interactionist consensus” (Kitcher 2001). The difference between innate and 
acquired traits is not a matter of the role of genes in development, but of the shape 
of the norm of reaction, which is a property of the developmental system. Moreover, 
“innate” and “acquired” are stereotypes based on a small selection of the many 
patterns of interaction between genes and environment.

At a still deeper level, the folkbiological conception of the organism is inade-
quate. It sees development as a goal-directed process toward the adult, and senes-
cence as a departure from that end point. But “An animal is, in fact, a developmental 
system, and it is these systems, not the mere static adult forms which we conven-
tionally take as typical of the species, which become modified in the course of 
evolution” (Waddington 1952:155). From an evolutionary point of view an animal 
is the implementation of a life-history strategy (Griffiths 2009). The real product 
of evolution is not an adult phenotype but a developmental system that gives rise 
to a life cycle.
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The idea that an organism’s genome is something like an inner nature is rein-
forced by the idea that genes are the only thing an animal inherits from its parents, 
or at least that the only alternative to genetic heredity is a special phenomenon 
called “cultural transmission.” The environment may be essential, but it cannot be 
part of the nature of the organism because it is not inherited. This idea is refuted 
by the ubiquity and importance of mechanisms of “epigenetic inheritance” (Jablonka 
and Lamb 1995; Jablonka and Szathmáry 1995; Jablonka and Lamb 2005; Jablonka 
and Raz 2009; chapter 21 in this volume). If an animal’s nature is what explains 
species-typical development, then its nature includes many of the environmental 
influences with which “nature” has traditionally been contrasted.

A Developmental Perspective on Human Diversity

Evolution designs developmental systems which reproduce themselves via multiple 
mechanisms, of which genetic heredity is only one. In a species like ours, the devel-
opmental system includes socialization and exposure to all those factors that make 
up a culture. The traditional idea that the “biological nature” of human beings is to 
be discovered by factoring out the interfering effects of culture is fundamentally 
misguided. Human cultural variation does not “mask” human nature any more than 
variation between castes “masks” the true nature of the ant. So the search for a 
shared human nature cannot be a search for human universals; it must instead be 
a way to interpret and make sense of human diversity.

Contemporary Evolutionary Psychology recognizes that humans are designed to 
develop in a social context, and that a phenotype may be both a (phylogenetic) 
product of evolution and an (ontogenetic) product of a rich context of socialization. 
The diversity this produces, like the outcome of other forms of phenotypic plasticity, 
is a legitimate target of evolutionary explanation. However, evolutionary psycholo-
gists have restricted themselves unnecessarily with the concept of a “genetic 
program” (e.g., Barkow, Cosmides, and Tooby 1992). The role of the developmental 
context is not restricted to activating alternative outcomes which have played a role 
in the evolution of the mechanism of plasticity (Griffiths and Stotz 2000). Develop-
mental systems are often competent to produce viable phenotypes outside the 
specific parameter ranges in which they have historically operated. As a result, 
plastic organisms can generate novel functional phenotypes, as has been dramati-
cally demonstrated in Alexander Badyaev’s work on the recent evolution of the 
North American House Finch Carpodacus mexicanus (Badyaev, Hill, Beck, Dervan, 
and Duckworth 2002; Pennisi 2002).

To do justice to the role of evolution in producing human diversity, we need a 
principle of classification that embodies two insights. The first is that very different 
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traits can be united by their common origins. The second is that traits can be genuine 
novelties, despite being built by evolved developmental mechanisms. Fortunately, 
biology already has just such a principle.

Classification by homology is universal in anatomy, physiology, and neuroanat-
omy, and the same fundamental principles underlie the classification of genes and 
of molecular-level structures in the cell (Brigandt and Griffiths 2007). The classifica-
tion of behavior by homology poses special difficulties, but is a familiar part of 
behavioral biology. Yet, surprisingly, classification by homology has been neglected 
as an approach to human cultural diversity. Homology has just the features we need 
to conceptualize human diversity.

First, homology is a principle of identity through difference. Human facial expres-
sions of emotion are homologous to certain facial expressions in chimpanzees, as 
was first pointed out by Darwin. But the homologous pairs of expression differ 
substantially in both form and function. Homology is not a matter of similarity, but 
of identifying the corresponding components of two systems. One important use of 
homology is as a principled way to use one system as a model for investigating 
another system. The best model for a human emotion in chimpanzees is the homolo-
gous emotion, and this conclusion does not depend on any particular degree of 
similarity between the two. Exactly the same approach can be applied to diverse 
phenotypes generated by the human developmental system in different cultural 
contexts. Hence, homology allows us to appreciate human diversity while seeking 
to illuminate that diversity in terms of common origins.

Second, recent developments in biology have reinterpreted the relationship 
between homology and genetics in a way that can act as a model for solving the 
problematic issue of the interaction of novel developmental environments with the 
evolved developmental system. The identity—homology—of parts at one level of 
biological organization is independent of the identity of their constituent parts at a 
lower level of organization. This realization came about primarily as a result of work 
in evolutionary developmental biology showing that evolution can conserve a trait 
while transforming the molecular mechanism that produces it and, conversely, evo-
lution can redeploy existing mechanisms to underpin the development of a novel 
trait.

Human diversity results primarily from the interaction between the evolved 
developmental system and a wide range of environments, including novel environ-
ments. Exploring this microdiversity in the way that biologists explore the diversity 
of living forms would mean replacing the question “Is this the same?” with the 
question “Is this homologous, and at what level of analysis?” For example, the ques-
tion of whether certain emotions are found in all human cultures has been addressed 
by asking how similar they are, or by identifying some aspect of similarity and 
arguing that it is (or is not) essential to the identity of that emotion (Griffiths 1997). 
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It would be both more meaningful and more tractable to seek to identify the cor-
responding (homologous) elements of the emotional repertoires of the two cultures, 
and to determine at what level of analysis claims of homology can be defended. It 
need not be whole emotional responses that are homologous. A behavioral expres-
sion might be homologous although it has now been recruited for a very different 
function. Or an early phase in the development of two very different emotions might 
be homologous, reflecting their diversification from some shared precursor.

Comparative biology provides sophisticated ways to think about the commonali-
ties that underlie biological diversity. Bringing order to that diversity is not about 
identifying universal elements, but about finding order in the pattern of similarity 
and difference. This order reflects the fact that diverse organisms descend from a 
common ancestor and also the fact that many developmental mechanisms are 
shared among organisms and are reused in new contexts. Hence, corresponding 
parts can be identified in different organisms at various levels of analysis. Taking a 
biological perspective on human nature can mean treating human diversity in much 
the same way. It need not be restricted to demonstrating or refuting the existence 
of human universals.

Conclusions

In place of the understanding of human nature derived from folkbiology I have 
offered a vision of human nature in which development is at the fore. The primary 
sense which should be attached to the term “human nature” is simply what human 
beings are like. I have argued that this means the pattern of similarity and difference 
among human beings, not some special set of universal characteristics. Humans have 
a shared nature in the way that vertebrate skeletons have a shared nature. There is 
structure to their diversity, and a biological perspective, incorporating both develop-
ment and evolution, can help us identify that structure. Human nature in the other 
sense—the cause of this pattern—is the human developmental system. This is dis-
tributed far beyond the traditional boundaries of the organism in the whole matrix 
of resources that previous generations bring into existence through multiple mecha-
nisms of heredity. Our nature is plastic, but still entirely amenable to biological 
analysis.
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