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Abstract

It has become increasingly common to explain the behavior of animals—from
sperm whales to songbirds—in terms of culture. But what is animal culture, what is its
relationship to other biological concepts and to human culture, and what impact does
culture have on a species’ evolution and ecology? My dissertation is an attempt to
answer these questions. After an introductory chapter, the dissertation begins (Chapter
2) with a proposal for a novel concept of culture and a critique of the existing ways in
which culture has been characterized. These characterizations include views from
cultural anthropology as well as attempts to apply the concept of culture to animals.
The existing concepts are problematic in a number of ways, such as a priori excluding
infrahumans from being candidates for possessing culture, or mistaking what culture is
for its measure. In this chapter I offer a way to understand culture that avoids these and
other problems. With a concept of culture in hand, the next chapter of my dissertation
(Chapter 3) examines and criticizes one key way of understanding the concept of
culture, meme theory. In Chapter 4 I turn to the question of how cultural systems can
arise in nature, how they can be adaptive, and how the evolution and ecology of species
is impacted by the possession of a cultural system. In order to answer these questions I
introduce a general constraint on cultural systems—what I am calling the Fundamental
Constraint—that has to be satisfied in order for cultural systems to be adaptive. In the
final chapter I develop a concept of innovation and draw out the conceptual and

empirical implications of this concept.
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1. Introduction

It has become increasingly common to explain the behavior of animals—from
sperm whales to songbirds—in terms of culture. But what is animal culture, what is its
relationship to other biological concepts and to human culture, and what impact does
culture have on a species’ evolution and ecology? This dissertation is an attempt to
answer these questions. Instead of being one long argument, the following four chapters
are stand-alone essays centered on a common set of questions. Because of this, they can
be read in any order.

Chapter 2 begins with a proposal for a novel concept of culture and a critique of
the existing ways in which culture has been characterized. These characterizations
include views from cultural anthropology as well as attempts to apply the concept of
culture to animals. The existing concepts are problematic in a number of ways, such as a
priori excluding infrahumans from being candidates for possessing culture, or mistaking
what culture is for its measure. In this chapter I offer a way to understand culture that
avoids these and other problems and distinguishes culture from epigenetics and other
related concepts.

An explication of culture is important because the concept of culture is becoming
more and more important in the behavioral sciences. Culture is being discovered in more
and more species and predictions are being made about the traits we should expect of
cultural animals. Are cultural animals bigger brained, smarter, less prone to extinction?
Do they occupy a wider niche breadth or larger geographic area? In order to answer
these and similar questions, we must have a way of identifying whether, in fact, a given

species possesses culture. Chapter 2 provides criteria for doing this.
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With a concept of culture in hand, the next chapter (Chapter 3) examines and
critiques one of the ways that culture and cultural evolution have been characterized,
meme theory. Meme theory posits discrete cultural units that are at the core of cultural
evolution, where these memes are replicators like genes. But there is little if anything
known about the nature of these supposed memes. This chapter spells out what it
would mean for memes to be like genes. It also nails down what, if any, the theoretical
need for memes is in the explanation of cultural transmission and evolution. (Chapter 3
is based on a paper coauthored with Alexander Rosenberg—it is for this reason that the
first person plural is used throughout the chapter.)

The next chapter applies the theoretical work from Chapters 2 and 3 to the
question of how cultural systems can arise in nature, how they can be adaptive, and
how the evolution and ecology of species is impacted by the possession of a cultural
system. In order to answer these questions I introduce a general constraint on cultural
systems—what I am calling the Fundamental Constraint—that has to be satisfied in order
for cultural systems to be adaptive. This constraint—which says that there must be a
positive correlation between the fitness of cultural variants and their fitness impact on
individual organisms—helps show why culture is rare in animals and why the culture
that does exist is rather simple. The constraint also shows why species with culture
must have either the cognitive capacity to sort the good variants from the bad or must
have the flow of culture structured in such a way that it is oblique or horizontal only
(i.e., little or no flow of culture among individuals of the same generation). (A paper
based on Chapter 4 in forthcoming in the journal Biology & Philosophy.)

Cultural variants arise primarily through innovation. Some theorists have even
defined culture in terms of innovation. Despite a recent burgeoning interest in animal
innovation and culture, there is no adequate conception of what innovation is and how

it is related to culture. In this final chapter I develop a concept of innovation and draw
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out the conceptual and empirical implications of this concept. (A paper based on
Chapter 5 is a forthcoming target article in the journal Behavioral and Brain Sciences. This
article was coauthored with Carel van Schaik and Meredith Bastian and therefore uses

the first person plural.)



2. The Concept of Culture

1. Introduction

Culture, like consciousness, is at once obvious and inescapable—defining who we
are, in fact—yet when we try to pin down exactly what it is, we are beset with enigmas.
Does culture consist in, say, behaviors or mental states or artifacts? Is it confined to the
human species or can other taxa exhibit culture? In what follows, I will attempt to
explicate the concept of culture and thereby answer these questions.

It might seem that the project of explicating the concept of culture is doomed
from the start. After all, there is no the concept of culture. Instead, there are myriad
concepts of culture, some of which contradict each other. For example, one might say
that a gallery opening is a “cultural event,” while a monster truck rally is not. The
concept of culture that would make this claim true is quite distinct from some of the
more general concepts employed by anthropologists or biologists, which take monster
truck rallies to be no less a cultural event than a gallery opening. Although I recognize
that ‘culture’ is polysemous, and that attempting to produce a single concept of culture
that will make sense of all uses of the term is hopeless, there remains a need for a well-
developed concept of culture.

The reason why there is a need for a well-developed concept of culture is that
there has recently been a prodigious amount of research on culture—both on the origin
and evolution of culture in humans as well as the study of culture in animals. The
following sorts of empirical questions are being investigated: How widespread is culture
among animal species? What impact does culture have on the evolution of intelligence or

rates of encephalization? How is culture related to innovation (see Chapter 5)? What
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was required for human ancestors to make the transition from being acultural to being
cultural? In order to answer these questions, there needs to be a general concept of
culture that scientists can base their investigations upon. A concept of culture that, say,
a priori excludes infrahumans from possessing culture or that leaves culture only vaguely
defined will be of little use in answering questions of this kind. Providing a concept of
culture that can answer such questions is the task of this chapter.

In developing a concept of culture, I will draw from the work of both
anthropologists and biologists—both attempts to characterize human culture as well as
attempts to characterize animal culture. Focusing on animal culture might seem to be the
wrong way to go about things. After all, the concept of culture was originally developed
by and for humans. It is not even universally accepted that animals in fact possess—or
are capable of possessing—culture (e.g., Galef 1992). I counter that there are three
reasons why an investigation into the concept of culture should incorporate animal
culture. First, as just mentioned, there has been recent intensive interest in animal culture
and traditions. Because of this there has been a lot of theoretical work on the concept of
culture in animals. Second, there has been little recent work on the concept of culture by
cultural anthropologists. In fact, some explicitly avoid using the term culture." Third,
because of the comparative simplicity of animal culture, understanding it is a much more
tractable problem. Once we have a handle on animal culture we can ask whether culture

in humans is different in kind or only in degree from animal culture.

' See Kuper (1999) for a discussion of anthropologist’s use of the concept of culture.
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2. Culture concepts in historical context.

Culture has been defined countless times over the past century and a half. Kroeber
and Kluckhohn’s (1952) survey of the concept of culture lists 164 definitions, ranging
from the catch-all definition of Tyler (1871, p. 1)—*“Culture, or civilization...is that
complex whole which includes knowledge, belief, art, law, morals, custom, and any other
capabilities and habits acquired by man as a member of society.” — to the narrower,
more specific concepts discussed below. Some of the concepts limit their scope to man,
while others are more inclusive. Despite the diversity of definitions of culture, there are a
few central properties or phenomena that many of the definitions take to be essential. I
will discuss these here.

Culture as heredity. Many definitions of culture refer to an historical or heredity
aspect of culture. The above definition of Tyler lists things acquired by man from his
society. Linton (1936, p. 78) speaks specifically of heredity: “As a general term, culture
means the social heredity of mankind...” What kind of heredity is cultural heredity? One
thing that culture is not is genetic inheritance. Is culture then best understood as being all
non-genetic inheritance? This negative, residual category definition of culture has been
promoted for many years — see Sapir (1924) for an early example — and still has
proponents today. Such negative definitions are unsatisfying because they are too vague
and it is not clear that all non-genetic inheritance represents a sufficiently homogeneous
category.

Culture as social learning. Social learning, like heredity, is another element

common to many definitions of culture. Social transmission and heredity appear in early
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definitions—for example, “Culture includes all behavior patterns socially acquired and
socially transmitted.” (Hart and Pantzer 1925, p. 707) —and persist through contemporary
definitions. Galef (1992) takes culture to consist in specific kinds of social learning:
teaching and imitation. Social learning and hereditary conceptions of culture are closely
related —social learning can be understood as the mechanism that allows heredity.

Culture as behavior patterns. Another way of defining culture is to base it on
patterns of behavior: “A culture is a system of interrelated and interdependent habit
patterns of response.” (Willey 1929, p. 207) Many contemporary biologists and
biological anthropologists identify culture with behavior patterns, specifically behaviors
that are common or habitual in some groups but absent in others, where this difference
cannot be accounted for by genetic or environmental differences.” Jablonka and Lamb
(2005, p. 160), for example, “see culture as a system of socially transmitted patterns of
behavior, preferences, and products of animal activities that characterize a group of
social animals. The transmitted behaviors can be skills, practices, habits, beliefs, and so
on.” (italics in original) Within anthropology, the identification of culture with patterns of
behavior was common until it received heavy criticism by Geertz and others. Geertz
(1973, p. 44) is very explicit that culture cannot consist in behavior: “...culture is best
seen not as complexes of concrete behavior patterns—customs, usages, traditions, habit
clusters—as has, by and large, been the case up to now, but a set of control

mechanisms— plans, recipes, rules, instructions (what computer engineers call

* This way of identifying culture is known as the geographic method.
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“programs”)—for the governing of behavior.” One major shortcoming of definitions
based on behavior is that a behavior is a phenotype, and all phenotypic traits are in part
build from genes and in part due to environment and (perhaps) culture. Thus, if culture is
behavior, then culture cannot explain behavior. The way to get around this problem is—
as Geertz suggests—to define culture in terms of something that lies behind, or brings
about, behavior.

Culture as belief. One way to attempt to eschew the problem of defining culture
in terms of behavior is to base it on beliefs possessed by and passed among individuals
(as Geertz does above). This solution has some precedent. For example, for Wissler
(1929, p. 341) “a tribal culture is...the aggregate of standardized beliefs and procedures
followed by the tribe.” Schneider (1976, p. 203) provides a more recent example:
“Culture constitutes a body of definitions, premises, postulates, presumptions,
propositions, and perceptions about the nature of the universe and man’s place in it.”
Closely related definitions favored by many cultural anthropologists from the 1970s
through the present focus on symbolism and meaning. Schneider (1976, p. 198) takes
culture to be “a system of symbols and meanings” (see also Strauss & Quinn 1997). Does
defining culture in terms of belief or meaning really avoid the problem that plagues the
behavior-based definitions? Is not a (state of) belief also a phenotype? If so, it seems this
is no solution to the problem.

Culture as Information. A further attempt to avoid the problem is to base culture
on information instead of beliefs or behaviors. This is the solution favored by Richerson

and Boyd (2005, p. 61): “Culture is (mostly) information stored in human brains.” This



seems to provide a symmetry between genes and culture: Something is genetic to the
extent that it is brought about by genetic information, and something is cultural to the
extent that it is brought about by cultural information. I agree with Richerson and Boyd
about basing culture on information, but I do not agree with their characterization of
culture. For example, why should we limit our concept of culture to the human nervous
system? Can’t culture reside in animals or outside of the brain and in the environment?

We should not exclude these possibilities by definition.

Culture as Environment. The relationship between the environment and culture has
long been recognized: “[Culture is] that part of the environment which man has himself
created and to which he must adjust himself” (Willey 1929, p. 500). Artifacts clearly
can be informational structures existing outside of the brain (the page that you are
currently reading being an obvious example). Recent efforts have placed a strong
emphasis on the way in which organisms structure their environments and how this

affects their ecology and evolution (Odling-Smee et al. 2003).

3. Desiderata in a concept of culture

Now that we have some sense of the range of ways that culture has been
conceptualized, it is time to turn to the task of this chapter, which is to propose and
defend a concept of culture. To begin, lets ask what is desired in a concept of culture.

The first criterion in defining culture is that such a definition should not be
stipulative. It should instead be explicative—it should aim at capturing the essence of
what we mean by culture. A stipulative definition is not illuminating and cannot be true
or false. Although it is sometimes useful to introduce a novel term and to stipulate its
definition, merely stipulating what we ought to mean by ‘culture’ will not be insightful.

Culture is a genuine thing in the world and a concept of culture should aim at capturing
9



it, not arbitrarily stipulating the meaning of a term. My intention is to produce a
definition that does real theoretical work, that synthesizes the seemingly disparate
phenomena that are considered cultural—and in so doing shows why we are justified in
labeling the set of phenomena “culture.”

The second criterion is that culture should be able to be used to explain
differences between individuals or groups. If this is the case then—since the differences
to be explained are phenotypes—culture cannot be identified with phenotypes. This is
true because—as mentioned above—all phenotypes are a result of both genetics and
environment and (perhaps also) culture. Nevertheless, just as it makes sense to hold that
there can be a “gene for” some particular phenotypic trait, it is also the case that there
can be cultural variants for some particular phenotypic trait. What does it mean to claim
that some phenotypic trait is genetic, or that there is a “gene for” some trait? What a
gene G for phenotypic trait T cannot mean is that G is the cause of T, since there are other
factors contributing to T. Rather, it means that if there are two organisms, O; and O,,
where O, exhibits T while O, lacks T, the explanation of this difference is that O,
possesses G while O, lacks G. If culture is going to be explanatory of phenotypic
differences as well, culture should be able to play a similar explanatory role.

Finally, as mentioned above, culture should not be a priori confined to the human
species. For the concept of culture to be scientifically useful, it should not a priori
exclude infrahumans from being contenders for exhibiting culture. Instead, it should be

an empirical question whether or not a given species or behavior is cultural.

4. Culture Defined

I will begin this explication of the concept of culture by producing a concept that
is far too broad, and then adding three restrictions that reduce the breadth sufficiently

so that the right set of phenomena fall under the rubric of culture. Thus, I will begin with
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this definition: Culture is information transmitted between individuals or groups. It is
immediately clear that this is far too broad. If a snake bites me, information has been
transferred between us. Minimally, the bite carries the information that the snake is
capable of biting humans. But it seems wrong to label this transmission of information
“culture.” To rein in this concept of culture, let’s begin to add our restrictions.

Restriction 1: The information must bring about the reproduction of a behavioral trait.
This first restriction eliminates information that is passed from individual to individual
but is nonetheless not culture. For example, the behavior of an alpha male might carry
the information that it is an alpha male, but instead of making other males in the group
disposed to behave like an alpha male, this information might merely increase their
stress. It is a central meaning of ‘culture’ that culture brings about traditions. Because a
tradition is a phenotypic pattern, it is a mistake to identify culture as a kind of tradition,
as some have done (e.g., Boesch et. al. 1994). Nevertheless, bringing about traditions
seems to be a necessary condition for being culture.

With this restriction in place, we can now modify our original definition: Culture
is information transmitted between individuals or groups that brings about the reproduction of
a behavioral trait. The first thing to ask is whether this might be too restrictive, whether
there can be culture without the reproduction of a behavioral type. What about children
who follow the rule of not doing whatever their parents do? Does this example provide
a case of cultural transmission without the reproduction of a behavioral type? No it
does not, and the reason for this will become clear when we examine how we ought to
properly describe the behavior. In such a situation, is it true that the there is no
reproduction of a behavioral type? At one level the offspring are behaving exactly like
their parents, i.e., they are following the behavioral rule—do other than parents do

(DOP). So if my parents wear leather shoes, I can follow this rule by wearing canvas
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shoes.’ What is being transmitted culturally here? One thing that may be transmitted is
the rule to DOP. If this is what is culturally transmitted, then this rule is probably not
passed simply from parent to offspring. Instead it could be that children observe what
other parents and children are doing, note that what they are doing is not positively
correlated, and because of this, produce behavior distinct from their own parents. The
point is that there is a behavior that is reproduced and is culturally caused. And this is
the behavior of doing whatever one’s parents are not doing.

There are two ways to object to this move. One is to reply that the rule of DOP
need not be culturally transmitted. It could be that it is hard wired. Consider a very
simple creature that pops into the world with the rule that it should forage differently
than its parents. If they forage slowly, it will do so quickly. If they do so in the trees, it
will do so on the ground. In these creatures with hardwired dispositions, is it not the
case that there is cultural transmission occurring? No. This does not seem to fit the
concept of culture. If a violent parent brings about submissive children, we do not label
this “culture.” There is a culture—a culture of violence, in this case—only if the parents’
violence precipitates violence in the children. Thus, not all effects that parents have on
children are cultural.

The second way to object to my argument is to claim that the DOP rule is not
properly considered a behavior: The behavior is the particular thing that the organism is
doing, not some higher level description of the behavior. DOP, then, is a higher-level
behavior, a governing rule or a metabehavior. One problem with this reply is that it is not
obvious that there is a principled way to draw this behavior—metabehavior distinction.

This is the case because any particular behavioral token can be subsumed under a

> An individual can follow DOP in some domains only. If the individual tries to follow
this rule in all domains, it will quickly parish. (The parents eat and breathe, after all.)
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number of different types. If described at a very fine grain of detail, every behavioral
token represents a different type. This is true because every performance of a behavior
differs in some aspects from every other performance. Furthermore, behaviors are
generally performed differently based on the circumstances of the organism, i.e., they
incorporate environmental variables. Because of this, an argument against DOP being a
behavior cannot be based on the fact that it incorporates a variable, namely, the
behavior of the parent. Because of the multiplicity of descriptions of an organism’s
behavior—none of which is the correct description—what is required for there to be an
instance of cultural transmission is that (1) there is a reproduction of behavior at some
level of description and (2) this reproduction is an effect of information acquired from
other individuals (or groups of individuals). Now that we have seen why this restriction
is needed—and why it is not too restrictive—let’s turn to the next restriction.

Restriction 2: The information must flow through the behavior. Jablonka and Lamb
(2005) distinguish epigenetic from behavioral inheritance mechanisms, where culture falls
exclusively under the domain of behavioral inheritance. Although this way of drawing
the distinction works well for a variety of phenomena, it is not clear that behavior and
epigenetics can be so cleanly divided. This is because the behavior of an individual can
bring about changes in the offspring through epigenetic mechanisms (e.g., Anway et al.
2005). For example, some research suggests that the offspring (and grandoffspring) of
male smokers die younger than they would have had their father (or grandfather) not
smoked. Instead of being the result of breathing second-hand smoke (though this could
exacerbate the effect), it is thought that the mechanism is epigenetic, involving
methylation of germline DNA (Pembrey et al. 2005). The behavior of a parent, then, can
affect their offspring through epigenetic means.

In this example, the tradition of dying young is propogated from generation to

generation. I would argue that what keeps this from being culture is not (as Jablonka and
13



Lamb seem to hold) the fact that an epigenetic mechanism is involved in the propagation
of the behavior (assuming, for the moment, that “dying young” is a behavior). Rather, it
is the fact that dying young is an epiphenomenon: it is caused by the epigenetic
methylation, but it does not in turn cause the methylation. Because of this, the pattern of
many individuals in the lineage dying young is a pseudotradition. The behavior of the
individuals in the parental generation does not precipitate this behavior in the young. If
one were to intervene and make the parent live longer, the expected life span of the
offspring would remain unchanged.*

Although T'hold that the case of the smoker’s offspring being disposed to die
young is not a case of cultural tradition, I do not deny that some cases of cultural
transmission do involve epigenetics. Consider the following hypothetical example: An
epigenetic effect causes an organism to be very aggressive. This aggressive behavior then
brings about a germ line epigenetic effect. This effect gets passed on to the offspring,
where it brings about aggressive behavior. So continues the cycle. This is culture since (1)
it involves information transfer from one individual to another (in this case from parent
to offspring), (2) a behavioral trait is reproduced (in this case aggression) (3) this
information is capable of change without requiring environmental change (a change in
aggressiveness can occur without an accompanying change in the environment — see
Restriction 3 below). The behavior (aggression) plays a causal role in the reproduction of
the behavior—if we were to intervene and keep the parent from becoming aggressive, its
offspring would not be aggressive.

Another reason for this restriction is that genetic transmission should not be

considered culture. Genetic transmission fits our general requirement of information

* Ignoring, of course, other possible effects of the parents on the life span of their
offspring, such as parents who live longer being able to provide more resources for their
young.
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transmission and is not eliminated by Restriction 1, since genetic transmission can bring
about the reproduction of a behavioral type. But the genes are not transmitted through
the behavior — and because of this genetic transmission is not culture.

Restriction 3: The information must be capable of change without environmental
change. This is the independence restriction. It requires some degree of independence of
the transmitted information from the environmental context in which it is found. This
requirement is necessary because it is possible for information transmission to conform
to the two restrictions above without being culture. Consider the following example: The
presence of a predator causes a prey individual to become agitated. The agitation in the
prey precipitates agitation in the prey’s offspring. In this case, there is information flow
from parent to offspring, the information brings about the reproduction of the behavioral
trait (agitation), and the information flows through the behavior. But this should not be
considered culture because it is merely tracking the environment (the presence of the
predator).

This restriction is not eliminating all socially transmitted information that is
triggered by the environment. Living in cold climates might make it necessary for the
individuals to wear insulated clothing. Wearing coats, say, can still be considered
cultural because although certain properties of the apparel are constrained by the
environment (it must insulate), others properties are free to vary. And it is because these
properties are capable of variation without climatic changes allows coat wearing to be
cultural.

With our three restrictions in place, we can produce our final definition of
culture: Culture is information transmitted between individuals or groups that is capable of
change without concomitant environmental change, where this information both flows through,
and brings about the reproduction of, the behavioral trait. Now that we have a concept of

culture, let’s examine the range of phenomena that are considered cultural.
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5. The scope of culture

In testing this concept of culture, in seeing whether it includes the right set of
phenomena and excludes all that we would exclude from the realm of culture, there are a
few key questions we should ask: Is all of what we call culture in humans captured by
this concept? Do infrahumans exhibit culture? If so, which ones and in what ways?

Let’s begin with the case of animal culture.

5.1 Animal Culture

It has been noted (e.g., Whiten in press) that those who study animal culture fall
into two camps, those who take ‘culture” and ‘tradition’ to be synonymous and those
who do not. Those who do not claim synonymy generally reserve ‘culture’ for a subset of
traditions: all culture is traditional but not all traditions are cultural (Whiten and van
Schaik 2007). As an example of this later camp, Galef (1992) argues that culture
consists in a specific kind of mechanism, namely imitation: no imitation, no culture. He
holds that while animals exhibit traditions, because they do not imitate, they do not
exhibit culture.

The concept of culture developed in this chapter implies a very different
relationship between culture and tradition than that argued for by Whiten and van
Schaik (2007). Instead of culture being a kind of tradition, culture is best seen as what
engenders tradition. Traditions are patterns of behavior, similarities between individuals
over generational time. The cause of these similarities is culture. Thus, all traditions are
cultural (in the sense that what makes a tradition a tradition is culture). Can there be
cultural transmission that is not traditional? This depends, of course, on how we
understand the notion of a tradition. If, as I just described, traditions require culturally-

caused transgenerational behavioral similarities, then there can be non-traditional cultural
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transmission. This would include the kind of transmission that occurs within a
generation but that does not persist long enough to cause similarities over generational
time. Cultural transmission of this kind certainly occurs in humans—fads, for example—
and (animal culture being more conservative) probably occurs less frequently in animals.
This thus represents a reversal of Whiten and van Schaik’s (2007) claim that culture is a
subset of tradition. Instead, tradition is a subset of cultural behavior.

Because those who study animal behavior generally either equate tradition and
culture or see culture as a subset of tradition, it might make one question whether my
explication of culture had gotten things right. Because of this, I will say a few words in
defense of this view of culture and point out some problems with the more standard
definitions of animal culture. First, take the equation of culture and tradition: There are
two reasons, one minor and one major, why culture and tradition should not be equated.
The minor reason is that by holding the terms synonymous, we lose the possibility of
maintaining a more nuanced view of culture and tradition—by sharing a definition, it is
not an empirical question what the relationship is between culture and tradition. The
major problem with this view is that because it is clear that a tradition is a kind of
behavior pattern, if culture is tradition then culture is also merely a behavior pattern. As
discussed above, this then leaves us in need of a term for what explains this pattern of
behavior.

One might counter that it is social learning that plays this role: Social learning is
the mechanism and culture/ tradition is the effect. But arguing that social learning plays
the role of explaining culture/ tradition is like arguing that (for a species without culture
and in a homogeneous environment) the phenotypic differences between groups of
individuals is explained by the mechanism of reproduction. The reason that this is
wrong is that it is not reproduction per se that explains parent-offspring similarities—or

the differences between different individuals or groups. Instead, it is the informational
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content of the stuff that is passed on—in this case genes—in the act of reproduction that
is important. And just as genetic information has a role to play in such explanations, so
cultural information has an analogous role to play.

The two ways that biologists’ understand the relationship between tradition and
culture—either as synonymous or as culture as a kind of tradition—make it clear that
culture is seen as a pattern of behavior. In the major papers documenting culture in great
apes (Whiten et al. 1999, van Schaik et al. 2003a) culture is identified with differences in
behavior that are not explained by environmental or genetic differences. How does the
concept of culture developed in this chapter make sense of the claims of animal culture
in these and similar studies? The behavior patterns identified in these studies, instead of
being culture, are culturally caused. Thus I have no problem with the class of phenomena
that the scientists classify as culture being culturally caused. It should just be recognized
that such patterns, instead of being culture, are evidence for culture. This is analogous to
the genetic case: A parent-offspring similarity in, say, eye color is not itself genetic, but is
evidence for a genetic cause.

Another reason why culture should not be identified with patterns of behavior is
that there can be culture in the absence of behavioral heterogeneity. If we it were the case
that all humans ate mammals, it would not follow that eating mammals is not cultural. It
could be that all individuals were culturally identical.

There have been few works by either scientists or philosophers that explicitly
develop a concept of culture and differentiate culture from other related phenomena.
Jablonka and Lamb (2005) are one notable exception. They distinguish cultural evolution

from what they term the other three dimensions of evolution. Their four dimensions are

° T am using ‘biologist’ in a broad sense, including biological anthropologists and
psychologists.
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genetic, epigenetic, cultural, and symbolic. The question to be answered, then, is does the
concept of culture developed above map onto Jablonka and Lamb’s cultural dimension?
First, it is clear that the genetic dimension is eliminated by Restriction 2. What about the
epigenetic dimension? Most epigenetic transmission is somatic, it is responsible for
differentiation of somatic cells. But there is some germ-line epigenetic transmission. Is
this transmission cultural? Recall that Restriction 3 requires behavior to play a causal
role the perpetuation of the epigenetic strain. This allows some epigenetic transmission
to be cultural. Because of this, culture and epigenesis, instead of being (as Jablonka and
Lamb have it) mutually-exclusive categories, they are narrowly overlapping: epigenesis is
one channel for cultural transmission. Instead of being excluded by definition, it is an

empirical question to what degree culture is epigenetic.

5.2 Human Culture

Ironically, in recent decades cultural anthropology has offered a number of
criticisms of the use of the term ‘culture’, with some anthropologists suggesting that one
should refrain from its use altogether. There are a number of reasons that culture seems
problematic to anthropologists. One reason is that some feel that culture is too polysemic,
and that, as Kuper (1999:x) put it, “...the more one considers the best modern work on
culture by anthropologists, the more advisable it must appear to avoid the hyper-
referential word altogether, and to talk more precisely of knowledge, or belief, or art, or
technology, or tradition, or even ideology...” Another objection traces back to colere —
the Latin root of the word ‘culture’ meaning, inter alia, to cultivate. Just as a field can be
in a natural state, fully cultivated, or any state in between, so, it was thought, a people can

exist in a spectrum from natural (or ‘“savage”) to cultured (or “civilized”).
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Anthropologists now generally reject this way of thinking about culture—although in
common parlance one still hears of one group being more or less cultured than another—
and hold that all peoples have a unique culture, not capable of being placed on a
graduated scale. This is analogous to the shift from viewing species as existing on a scala
natura from the “lower” animals to the “higher” animals to Darwin’s insight that each
species is just as much a product of evolution as any other, and that—contra Lamarck —
the “lower” species are not evolving toward the higher.

But even this shift from the scala natura view to a more egalitarian view is taken
to be problematic. One reason for this is that many anthropologists feel that to discuss,
say, “the Machiguenga culture” implies that the Machiguenga are homogeneous,
unchanging, and (prior to contact) pure. The critics hold that the implication is invalid
because peoples like the Machiguenga are temporally and spatially heterogeneous and
often lack clear boundaries. While I agree with many of these critiques, I feel that the
critics have gone too far. Although—as is the case quite generally in the sciences— there
is a cost to making generalizations (information is always lost), it is only through
generalizations and models that understanding is gained. I think that the same is true of
cultures. Speaking of the dispositions of the Matchugenga has its place in understanding
the Matchugenga, even though the dispositions may not be shared by all of the
individuals. The thick descriptions and tendencies to avoid generalization of
contemporary cultural anthropology is not unlike the natural historian, who represents the
habits of species and characteristics of places in rich detail. But in addition to natural

history one can do ecology, which often deals with the same phenomena, but at a more
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abstract level and with a heavier reliance on mathematical models. And just as condoning
natural history does not constitute an attack on ecology, condoning ethnography should
not mean that more general, abstract conceptions of culture are problematic. Natural
historians and ecologists are simply asking different questions and applying appropriately
distinct techniques to try to answer the questions.

Even those anthropologists who hold one should eschew the term ‘culture’ have
difficulty ridding themselves of the concept. In some cases this has resulted in simply
swapping the word culture for another, less familiar word or phrase. Take the example of
Pierre Bourdieu’s (1994) concept habitus. ‘Habitus’ is defined as “a system of acquired
dispositions functioning on the practical level as categories of perception and
assessment...as well as being the organizing principles of action.” This definition, instead
of being an alternative to culture, is simply one among many kinds of definitions of

culture.

Given both the necessity and the diversity of the concepts of culture, let's now
examine several of the roles that “culture’ plays in discussions of humans and see to
what degree the concept developed above captures these roles. In humans, the concept
of culture is used variously. We speak of such things as cultural behaviors, events, or
artifacts, pop culture and high culture, and we hold that cultures sometimes go extinct or
hybridize with other cultures. Often when ‘culture’ is used in such ways, it is not culture
itself that is being referred to, but instead actual behaviors or objects. Let’s examine
some of these uses to ‘culture’ to see to what degree is the concept of culture developed

above is consistent with these uses.
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Individual behavior. An individual’s behavior is sometimes taken to be “cultural.”
Culture in this sense is related to—or even synonymous with—tradition: a behavior is
cultural just in case it is part of some tradition. This use of ‘culture’ fully compatible
with the concept developed above: traditional behaviors are cultural because they are

culturally caused.

Group behavior. It is common to refer to the culture of specific groups, e.g.,
American culture, Southern culture, Quaker culture. This use is tied to both tradition
(Quaker culture, e.g., is in part constituted by a group-level tradition) as well as the
group-level distinctiveness (Quakers behave differently than other folks). This use of
‘culture’ is also fully compatible with the concept developed above: Quaker culture is
culture because the distinctive Quaker behavior is culturally caused and the

distinctiveness consists in a set of distinctive cultural variants.

High/Low culture. Some events are classified as high culture and others as low
culture. Sometimes high culture events are simply referred to as cultural events, whereas
low culture is not culture. How can we make sense of this distinction in light of the
concept of culture developed above? As mentioned in §1, one should not expect a single
concept of culture to capture all of the diverse uses of the term. In this case, there is a
normative component to the term culture: Cultural (or high cultural) events are better (in
one way or another—they involve art, for example) than acultural (or low cultural)
events. This normative component of the culture is not part of the concept developed

above.

Cultural artifacts. Some human creations are taken to be cultural objects. A

cultural object can be understood as an artifact resulting from cultural behavior. Since
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not all human behaviors are cultural, not all artifacts are cultural. The more innovative a
behavior is, the less it is cultural. See Chapter 5 for a discussion of innovation and its

connection to culture.

6. Conclusions

Although it is impossible to capture all of the various meanings of ‘culture’ with a
single concept, there is a need for a well-defined, fully explicated concept of culture that
behavioral scientists can help themselves to. In this chapter I have attempted to provide
such a concept. Instead of merely stipulating a definition of culture, I have tried to be
sensitive to the way in which the concept is used by anthropologists, psychologists, and
biologists—both human culture and animal culture.

This concept of culture will serve as the basis for what follows. Culture here has
been defined in terms of information. The next chapter asks whether we need to posit a
cultural replicator in order to understand cultural transmission and evolution. The
following chapter explores the impact of culture on the ecology and evolution of

organisms.
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3. Are Memes the Foundation of a Darwinian Theory of Culture?

1. Introduction

At the beginning of the twentieth century, anthropologists noticed a strange
disease among the Fore of New Guinea. The cause of this disease—known as kuru
(“shaking death”) by the Fore—was a mystery. It wasn’t known whether it was brought
about by a genetic mutation, an environmental toxin, a parasite, or something else. One
pattern emerged: The disease largely ocurred among women, especially women who
most frequently took part in mortuary cannibalism, a practice common among the Fore.

The disease turned out to be a transmissible spongiform encephalopathy whose
cause is a rogue protein variant called a prion. These prions have peculiar qualities: they
replicate by changing the tertiary structure of other normal proteins (with identical
secondary structure) to be like themselves. They do this not by transferring any matter
between the proteins, rather it is a transfer of form only.

The prions replicate inside of the human brain, causing a suite of symptoms.
Furthermore, the symptoms can arise in other individuals in the population when these
rogue proteins are consumed by individuals eating the brains of infected individuals.
Thus, the characteristic phenotypic pattern—beginning with tremors, unsteadiness, and
dysarthria, moving on to ataxia, depression, and outbursts of laughter, incontinence,
dysphagia, and, finally, death—is caused by replication of prions within individuals
and the population-level pattern is caused by the spread of the disease via the
consumption of prions in the infected individuals.

Meme theorists argue that culture replicates and spreads like prions: memes
duplicate in the brains of their hosts and jump from host to host, infecting other

individuals. Instead of being transmitted through the consumption of brains, the
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transmission occurs through the behavior of individuals in the population. The analogy
that is usually used in describing memes is the gene, not the prion. Dawkins (1976)
coined the word meme —short for mimeme from the Greek mimos (mimic)—to sound like ‘gene’.
But what does it mean to say that memes are like genes? (What, after all, is a gene?)
How should we understand cultural lineages and cultural selection? If there are no such
thing as memes, does it follow that there cannot be a Darwinian account of culture?
What is the need for memes—if do memes do real explanatory work, what is the

explanandum? In this chapter, we will offer answers to these questions.

2. The meme-gene analogy

The first question we will investigate is what is implied by the gene-meme analogy?
To do this we shall explore both what “gene’ means in contemporary biology as well as
the history of the concept. Genetics began with Mendel and his early 20" century
rediscoverers, especially Thomas Hunt Morgan. Almost everything they believed about
genes was mistaken, except that they existed and had something to do with inherited
traits. Despite their false beliefs, these scientists got genetics off the ground because they
were very lucky, largely lucky in their “model systems”, the organisms and traits they
studied—first the pea plant and its height, seed shape, and seed color, and then the
fruit fly and its eye color. These traits were distributed, “assorted” from generation to
generation in ratios that were relatively easy to discern by the unaided (or magnifying
glass aided) eye (compared to a lot of other equally genetically encoded traits hard to
identify by direct observation). Within a generation of the rediscovery of Mendel’s
simple laws, Morgan’s students were “mapping” dozens and then hundreds of genes for
eye color to chromosomes on the fruit fly Drosophila melanogaster. But these were not
physical maps, for no one knew how to locate a gene on a chromosome, still less what it

was made of, how it worked to control phenotypic traits, or much of anything about it.
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These gene maps where just handy summaries of the frequency with which the traits that
genes were supposed to control go together in successive generations of fruit flies. Given
Mendelian theory plus the assumption that the genes were located on chromosomes
(something known experimentally since about the same time as the rediscovery of
Mendel’s work), plus meiosis, it was concluded that the more frequently observed
phenotypic traits went together in sibling flies, the closer together on the chromosome
must their genes be. But since we knew nothing about what parts of chromosomes the
genes were, where one ended and another began, closeness or distance could only be
measured indirectly, in a unit that genetics named after Morgan. Two genes in a fruit fly
are one centimorgan apart if they do not appear together in just 1% of the immediate off-
spring of that fly.

To get to physical distances between genes—nanometers, say, one has to first
physically identify the genes for two of the observable traits, measure the distance
between them, and then convert the units of correlation between the phenotypes—the
centemorgans—into nanometers. Depending on how one describes the task, this was
something that genetics was never able to do, or unable to do for 75 years or so. And
when it finally was able to locate genes on chromosomes, measure the physical distance
between them, and determine their composition, genes turned out to be nothing like what
the founders of the subject supposed, and the traits they took individual genes actually
to control turned out not to be the ones geneticists thought they controlled. In that sense,
genetics never managed to convert centemorgan distances between the genes into
nanometer distances, for there simply were not any genes of the relevant sort to measure
distances between. But of course by the time physical measurement of gene-distances
became possible, the term ‘gene’ had, through a series of discoveries, come to mean

something quite different from what its originators took it to mean.
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What is now known about genes and phenotypic traits makes it clear that, to a
first approximation, genes code for proteins, not for any trait visible to human
observers, not even the small number of gross anatomical traits “controlled” by single
genes, such as tongue rolling or a widow’s peak hairline. For without the help of a large
number of other genes, say ones for making tongues at all, or hair, the gene responsible
for the tongue roll or the widow’s peak would not do the trick. All the gene does is
produce a protein. And some of the proteins produced by a gene don’t go any further
than the genome itself. They bind to other genes, and by doing so these proteins switch
them on and off, which is how cells with exactly the same genome can work differently
in the liver and the brain, for example. It is now known that almost all genes are made of
DNA, but even this is not quite correct, for there are viruses whose genomes are
composed of RNA. Matters get unimaginably more complicated still. There are large
parts of many genes in animals and plants that just get snipped out of the gene’s signal
about which proteins to build; yet among organism without nuclei, none of the genes
have these non-coding regions called introns. Then there are parts of the genome that
only code for RNAs, not proteins at all, and there are at least 4 classes of these RNAs,
that regulate genes, carry messages from the genes, set up as small factories for taking up
genetic signals and building proteins to their designs. All in all, the path from gene to the
sort of trait we identify as genetically fixed, or hereditary in plants and animals is an
impossibly complicated chain that begins with many different gene sequences spread all
over all or most of the 23 pairs of chromosomes in the nucleus of somatic cells. As more
and more became known about genes and their modes of operation, there was some
temptation to dispense with the term, ‘gene’ in favor of a range of terms like cistron,
recon, genetic element, open reading frame, locus. None of these caught on and the single
word ‘gene’ is still with us. But scientists know that the term means very different things

in different contexts of inquiry and philosophers have been assiduous about cataloguing
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these differences, identifying their incompatibilities and reconciling the scientific claims
these apparently contradictory usages express. The moral of the story so far is that it
would have been shortsighted in the extreme to demand that, before we could take their
science seriously, geneticists would have had to establish the existence, nature and mode
of operation of genes in hereditary transmission, in the development of organism, or in
somatic function. Of course we could have drawn the same moral from physical
chemistry or atomic physics about the chemist’s concept of “element’ or the physicist’s
concept of “electron’. Imagine requiring that Rutherford get the nature of the electron right
from the outset. If memes are anything like genes, should we also not require that
memeticists get to the nature of the meme right from the outset?

The second part of the story of 20" century genetics concerns phenotypes as
opposed to genes that are supposed to produce them. Most heritable human traits are
matters of degree, such as height or weight, as opposed to the discrete or
“discontinuous” traits of pea plants or Drosophila like seed color or eye color. Had
geneticists begun with such continuous value numerical traits instead of the discrete
ones, the subject would never have gotten off the ground. In this sense they were lucky.
But some traits of interest to geneticists really do seem to be matters of degree or
amount, quantitative phenotypes, as these traits came to be called. Of course, if the
traits genes produce are quantitatively continuous along some dimensions, while the
genes that code for them are discrete, digital, Boolean, on/off atomistic particles, it is
obvious that interactions between large numbers will be required to produce any one
quantitative value or amount of phenotype. When these large numbers of genes that
contribute to a quantitative trait all behave in accordance with the simplest Mendelian
laws of assortment and segregation, the inheritance patters of their resultant
quantitative trait will be extremely difficult to discern. Geneticists have approached this

problem of polygenetic traits through the methods of QTL—quantitative trait locus—
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genetics. This approach does not identify genes at all, at least not at first, and in almost
all cases, not at all so far. QTL genetics begins by identifying markers—loci—on
chromosomes, or distinctive DNA sequences without any knowledge as to whether they
are parts of genes or not, and then seeks correlations between these markers and
quantitative traits. Substantial covariance between the trait and the marker is evidence
that there is a gene in the vicinity of the marker that contributes to the appearance of
that trait. QTL studies in agriculture and elsewhere have shown unsurprisingly that for
many heritable traits there are a large number of genes spread across several different
chromosomes that contribute to the varying degrees to which an organism manifests a
quantitative trait. In the human case, of course, and especially when it comes to human
behavior, QTL studies have thus far not identified any single locus or marker that has
more than a 20% or so correlation with a well behaved quantitative trait such as IQ. This
suggests of course that such traits are either not very heritable or that IQ is not a good
measure of a heritable trait, or that it is the product of a large disjunction of
conjunctions of different genes.

The disjunctive and conjunctive character of genetic control of inherited traits is
another complication in the genetic theory of heredity. We already know that different
DNA sequences can code for the very same proteins, owing to the redundancy of the
genetic code, that different proteins can have the same enzymatic and structural effects
in physiology and anatomy, owing to the forces of convergent selection operating at a
variety of different levels, and different organisms of the same or different species can
solve the same design problems in a variety of different ways. Thus, any single
genetically controlled behavioral, or anatomical trait will almost always be the result of
a disjunction of different combinations of different genes operating even in closely

related lineages.
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The moral of this story is that traits that don’t look discrete or discontinuous
may nevertheless be coded for by discrete and discontinuous genes, that when they do
so in one case, the same trait may in another organism be the result of a different
package of genes. Recall the first moral drawn above, heritable traits will be the result of
a package of genetic material some of which includes discrete quantities of DNA whose
causal contribution is indispensable, but which some geneticists would not call genes at
all, while other quantities of genetic material which make no contribution to
physiological, anatomical or behavioral traits, are themselves nevertheless called genes
by some other set of geneticists.

All this is probably more than most social scientists ever wanted to know about
genes. But it is crucial to see the vicissitudes this concept has experienced before
dismissing Darwinian cultural evolution on the grounds that it has nothing as neat and
simple as the gene to appeal to in its explanation of adaptation—for there is nothing
neat and simple about the gene. The operative assumption that there is something neat
and simple about it was heuristically useful at the beginning of genetics, in spite of
serious and well grounded charges that supposing there was any such thing as the gene
was a species of circular reasoning. Taking the charge seriously and seeking independent
evidence about the gene’s existence and nature complicated the gene all out of
recognition, added a library of qualifications, alternatives, and intervening factors
between genes and heritable traits, and led at various times to proposals that the term
be abolished, which finally gave way to an agreement that different compartments of
genetics would simply mean different things by this same term.

When we come to limn a Darwinian account of cultural adaptation, we should
expect at least as many vicissitudes, if not a great many more, in our attempt to identify
memes, or anything like them. The conclusion then, is that arguments against meme

theory cannot be based on the fact that contemporary theorists cannot produce a robust
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account of the nature of the meme. Having said this, let's now examine some of the

critiques of meme theory that have been offered as well as venture some of our own.

3. Do memes evolve by natural selection?

One argument against memes is due to Daniel Sperber (1996), though it has
echoed and reechoed in many debates about memes and it has been taken with great
seriousness by one of the most visible defenders of the notion of a meme, Daniel Dennett
(e.g., 1995, 2006). Our brief excursion into the history of the gene makes its easy to see
that even considering Sperber’s objections is vastly premature at this stage of theorizing
about the Darwinian evolution of culture.

As the Lewontin (e.g., 1970) formulation of the theory of natural selection makes
clear, natural selection requires inheritance, variation and fitness differences to be
selected on. The Dawkins/Hull version packs these three requirements into the demand
that there be replicators that copy faithfully enough to insure inheritance, are subject to
mutation just enough to provide limited variation in their traits or in the traits of the
interactors that the replicators help build, and that there be fitness differences between
replicators due to the variations in inherited traits. Genes fill these bills and make
cumulative biological adaptation actual. But, Sperber argues, nothing transmitted to
brain or behavior has the required copy-fidelity for the environment to act on them
repeatedly to produce literally Darwinian adaptations. No copying fidelity, no memes.
No memes, no mechanism for Darwinian natural selection to operate. Sperber’s
examples of memes all have cultural meanings, significance, they are ideas in our heads,
representations of the way the world or our behavior is, or could be. But as we know all
too well, when an idea “gets out of our heads and into another head”, either by their
hearing our speech or reading our writing, or monitoring our behavior, the idea—the

putative meme—is not accurately copied. In every transmission, the rate of mutation is
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so high that it may not even make sense to describe the descendant idea as a copy of the
parental idea. Just try showing someone a dance step or telling a joke, still less endorsing
a norm. Your interlocutor will take in something from your action, but it won’t be a
faithful copy of the idea that brought the action about. No faithful copying, no scope for
selection to cumulate. QED. In “Explaining Culture,” Sperber makes the point clearly:
“In the case of genes, a typical rate of mutation might be one mutation per million
replications. But with such low rates of mutation, even a very small selection bias is
enough to have, with time, major cumulative effects. If on the other hand, in the case of
culture there may be...a mutational element in every copying event, then the very
possibility of cumulative effects of selection is left open to question.” (1996, p. 103).
“Left open to question” is polite for ‘non-existent.’

The assumptions that this argument helps itself to are breathtaking. First, why
assume that ideas are memes? Why should memes correspond to anything we might
recognize as a belief, a concept, a value, a thought or anything else recognizably mental.
This is not the point that memes might not be consciously accessible to their subjects.
That is a point presumably everyone agrees to. But why suppose that we know anything
near enough about them to be confident that we can identify a particular meme or gauge
its copy-fidelity, to make the claim that they mutate every time they are transmitted.
Sure, my thought about Paris is different from the thought that comes into your head
when I say the word ‘Paris’ to you. But does it follow that the meme which caused me to
say the word must be in any way different from the meme which the noise ‘Paris’
generated in your head? Only if we incautiously identify memes with conscious
thoughts. But at this stage of Darwinian cultural theorizing that assumption is worse
than premature. Why should the noise ‘Paris’ be the outward manifestation of a single or
even a small number of memes? Why should the noise ‘Paris’ not be more like the

quantitative traits of genetics, produced through the interplay of many memes, perhaps
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even disjunctions of different memes at different times in the same head or in different
heads?

Suppose that behaviors, like phenotypes, reflect the interaction of memes and
their (social) environments. Then the perfectly faithful transmission of memes from
person to person in even slightly different environments will produce behaviors that are
quite different one from another. Poorly copied behaviors may result from quite
successfully high fidelity meme-transmission, especially if the poor copying is the result
of environmental disturbance. In general, immediate subsequent behavior is no more
reliable a guide by itself to what is learned than the observable traits of an organism is a
guide to what genes have been transmitted to them. Perfect duplication of behavior by
interactors cannot be a requirement on high fidelity meme transmission among them.

Since the skeptics insist on demanding that memes meet the standard set by
genes it is worth remembering that gene-copying is sufficiently imperfect that there has
been strong natural selection for a variety of very complex error-correcting mechanisms
that operate in DNA duplication. Among them are mechanisms that proofread
polynucleotide sequences and delete point mutations caused by a variety of factors,
endonucleases that cut out hair pin turns in the DNA caused by accidental molecular
bonding, and a variety of other ways both somatic and germ cells deal with copy errors.
Copy errors are also sources of adaptational mutation. RNAs are well known to suffer
from orders of magnitude higher rates of copy-error than DNAs, and the rapidly
mutating RNA viruses such as the HIV-virus exploit this feature of copy error to win
their race against the immune system of AIDS victims.

We should expect that if there are memes, and they are anything like genes, then
there is going to be a fair amount of error-correction in the mechanism of replication that
memes employ. What would this memetic error-correction apparatus look like? We

don’t have the slightest idea, though it is easy enough to speculate on how it might work.
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Memetic error-correction in general can exploit those devices that have already been
identified as imposing conformity on social behaviors among members of groups. Indeed,
conformity is just another word for the sort of error-correction in copying that high
fidelity memetic copying requires. Additionally, error-correction would rely on the
perceptual and cognitive framing and biasing mechanisms that cognitive social
psychologists have been uncovering over the last several decades.

If memes are like genes, then we should expect at least the following to be true of
them: first, at the outset and over a long period of research, it will be difficult to
confidently identify one by its functional role in cultural inheritance; second, it will be
even more difficult to identify the physical items—presumably in brains—that
physically realize memes, and when we do, these realizers will probably be extremely
heterogeneous. Consider the physical heterogeneity conferred on genes by the
redundancy of the genetic code alone. Third, cultural traits of interest—behaviors,
actions, values, styles, norms, conventions, institutions, are more than likely to be “poly-
memetic” on the model of poly-genetic traits, and additionally, are likely in many cases
to vary across a range of environments, even when they result from the faithful
transmission of memes. Indeed, some might be “facultative”—showing completely
different behaviors under different environments, like the genes that produce different
colored moth wings depending on the season, or more radically, genes that cause the
appearance of one sex or the other depending on temperature during embryogenesis.

Of course if memes had all these features that genes have, they might well be of
limited interest in tracing the course of cultural evolution. After all, no social or
behavioral scientist is going to be able to assay for—detect the presence or absence of—
memes if they have to use tools as complex and sensitive as those required to assay for
particular protein-coding genes. But then, once we give up the idea that memes need to

have all or most of the features of genes or have them to the degree genes have these
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features, we must surrender the a priori demand that the behaviors they cause be copied
with some pre-established level of fidelity.

To this more realistic set of expectations about memes we should add two more
obvious factors taken seriously in biological evolution, and combine them with a third
assumption it seems reasonable to make about Darwinian cultural evolution. The two
factors are drift and constraint. As Gould and Lewontin (1979) emphasized so strongly
a generation ago at the high noon of adaptationalist enthusiasm among sociobiologists,
we must always consider the impact of chance along with natural selection in the
explanation of outcomes. For example, the African elephant has large ears and the
Asian has small ones. This might not be the result of adaptation at all, but only the
result of a mutation in a founder population. Even though we could dream up “just so
stories” to explain this difference adaptationally, there may be no way to test them, and
moreover, there may be no adaptational cause at all for this difference. Second, the
biologist needs always to keep in mind the role of physical and biological constraint
imposed on the variants that nature selects. Thus, honey-combs may be hexagonal
because there has been selection among honey-bees for close packing combs, and it is
provable that hexagonal cones make for the closest physically possible packing. So the
hexagonal shape reflects non-biological constraint. In addition, prior adaptations will
restrict the range of variants from which nature can choose new adaptations. When the
ancestors of contemporary cetaceans—whales, dolphins, etc—returned to the sea, gills
were no longer an option and there was selection for the ability to hold one’s breath.

To these two factors—constraint and drift—that work together with adaptation
to produce biological traits, we need to add the reasonable assumption that sometime,
indeed often, cultural evolution can move much faster than biological evolution. The
tempo of biological evolution is governed by the organism’s generation time—the number

of days, months, years, or decades required for one generation to give rise to another.
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The tempo of cultural evolution is limited only by the rate of meme transmission or
whatever it is that replicates in cultural evolution. If cultural transmission often involves
a small number of individuals, drift will play a great role in cultural evolution, especially
over short runs. And prior adaptations will not only restrict new ones, they may be
responsible for whether replicators are copied at all, or with what fidelity they are
transmitted.

The greater drift and constraint bulk in cultural evolution, the less explanatory
scope there is for natural selection, or natural selection by itself, for the greater the
degree to which traits are not adaptational ones. The greater the rate of cultural
evolution, the harder it will be to identify the memes on whose transmission and
variation, it relies on. This is however, not an admission that there are other games in
town, that where drift and constraint qualify, reduce, or combine with, selection, there
are other alternative social or behavioral theories available to explain adaptive cultural
outcomes. Instead these three factors impose a natural limit on the explanatory powers
of any social and behavioral science.

The reason should be obvious both on the most general of considerations and on
very specific ones. Where drift operates, the hand of the second law of thermodynamics
is evident. The fact that objectively improbable conditions sometimes arise can be given
no causal explanation for there is none—it’s just thermodynamic noise. Where physical
constrain operates to reduce the range of options for selection to work on to a unique
one, physical theory carries the entire explanatory burden, leaving nothing for the human
sciences. Where both combine drift and constraint with some third factor to produce
adaptation, this third factor cannot be some species of future causation, still less
clairvoyance or foresight. It can only be natural selection, the only game in town for

producing adaptations.
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So much for the most general considerations on the limits to explanatory theory
in the human sciences. Let’s combine the rapid rate of much (but not all) cultural
evolution with the small effective population size of cultural evolving human groups that
makes for high rates of at least short term drift, with some constraint on meme
transmission, variation and selection, imposed by already established memes. Let’s add
to this the assumption that most behaviors that memes code for are poly-memetic, the
result of the interaction of several memes (just like polygenetic traits), that some of these
memes are better at getting them selves accurately copied than others, and that some
memes are highly facultative—produce quite different traits in different environments.
The result of adding all these factors together is, first, the overwhelming difficulty of
discerning clear cases of cultural evolution by natural selection in real time; second the
difficulty, almost as great, of unambiguously identifying what a social or behavioral trait
is an adaptation for, and third the small prospect of predicting the future course of
cultural change by identifying the environmental forces and the memetic variants
available to interact with one another. All this is obviously not part of an argument in
favor of some other theoretical alternative to Darwinism for understanding human
affairs. It's an inevitable outcome of the fact that we are biological creatures—
phylogenetically, ontogenetically, and cognitively; as such there is no other game in town
besides Darwinism, no other theory likely to do any better.

In these last two sections we have tried to draw out some of the implications of
the claim that culture spreads through memetic transmission in the way that genes do
and that just as genes help build phenotypes, so to do memes. The conclusion we have
drawn is that if we take memes to be like genes, then some of the main arguments
against memes are undermined. Does this mean that we are unabashed advocates of
meme theory? No. Although we are steadfast in our belief that cultural evolution is—at

least in part—due to the process of natural selection, we will argue below that memes
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are neither necessary for a cultural Darwinism nor are they necessary for the non-genetic

propagation of behaviors.

4. Are replicators really required?

A Darwinian approach to non-genetic adaptations is usually dismissed by
posing a dilemma to which the Darwinian is supposed to have no adequate reply. One
horn is genetic determinism. The other is alleged to be the surrender of Darwinism as
anything more than a suggestive metaphor outside of evolutionary biology. Either the
Darwinian has to be committed to the absurdity that all adaptations, including those
apparently culturally learned ones, as somehow “written in the genes”, hard wired,
innate, and genetically determined, or they have to come up with a mechanism of trait-
transmission and display outside the genome that has all the nice features as the gene
has, and which make cumulative adaptation by natural selection possible. The first horn
of the dilemma, on which some early sociobiologists seemed willing to impale
themselves, led to its rapid eclipse and the rise of a much more cautious “evolutionary
psychology”; the second horn is reflected in implausible, empirically unsupported and
otherwise outlandish claims about the meme. No memes, no Darwinian cultural
evolution.

The fundamental mistake in the argument from no memes to no Darwinian
cultural evolution is that Darwinian cultural evolution by natural selection just does not
require memes—that is, the literal application of random variation and natural selection
to explain cultural adaptations does not need the particulate, discrete, digitally coded
transmission of information-bits from one brain to another that only memes are
supposed to provide.

To see the freedom of Darwinian cultural evolution from any dependence on

memes, let’s reconsider the evolutionary biology of quantitative traits, which are
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presumably the result of large numbers of genes, indeed large numbers of packages of
different genes interacting with large numbers of different environmental factors to
produce individuals of varying traits. Non-genetically encoded behaviors are like these
quantitative traits: any one type of behavior can be the result of many different
packages of neural causes—is multiply realized. Any two particular behaviors may be
exactly the same though caused by different packages of neural and environmental
factors working together. Quantitative biological traits and quantitative behavioral traits
come in distributions. For simplicity let’s assume these distributions are normal, bell-
curved. Now all we need for Darwinian natural selection in the biological case or the
cultural one is that in the absence of selection, the shape of the distribution of traits in
the population remain roughly the same from one generation or time period to another—
the only changes being due to drift. And in the presence of selection, later distributions
are moved towards those values that are selected, evidenced either by the mean of the
distribution of traits changing more than expected from drift alone (directional selection)
or less than expected from drift alone (stabilizing selection). In the biological case, the
persistence of distributions of traits over generations is vouched safe by the particulate
inheritance of faithfully replicated genes. But as nature so often shows, there are always
many ways to skin a cat. And there are many ways besides particulate inheritance to
preserve quantitative trait distributions over time, or what ever are the various cultural
equivalents of generations.

In fact there are probably a wide variety of mechanisms that result in
quantitative trait distributions remaining the same over time in the cultural case, when
there is no selection. Two mechanisms equally good at keeping distributions the same
could be quite different from one another. We should in fact expect this as an outcome
of Darwinian cultural selection. If maintaining the same distribution of a behavior in a

population over periods of time is adaptive for a population, then there will be selection
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on any mechanism that produces it, and different mechanisms equally good at
accomplishing this end will be selected for. The result of such mechanisms that preserve
distributions of behaviors over time is that selection can act on the distributions, it can
shift the distributions in the direction of more adapted ones, it can preserve attained
adaptations, and fine tune them as well, without the need for faithful copying, without
the need for high fidelity replicators. Of course, there will have to be a mechanism or
rather many mechanisms, for maintaining distributions over time, and some of them may
even involve faithful copying. We can all think of cases in which behaviors are acquired
by ritualized, routinized, enforced copying. For example, cursive roman hand writing,
Japanese calligraphy, etc. But most cases of stability in the distribution of quantitative
behaviors, for example, around a mean in a bell curve, will be maintained not so much
by copying, but rather by mechanism of conformity that reinforce and punish in the
Skinnerian sense. In most cases, behavior near the mean will inevitably be reinforced,
and behavior away from it punished. For it is in general adaptative to engage in behavior
others expect one to engage in and adaptive to enforce behavior that one expects others
to engage in.

One of the flaws of the arguments from Sperber and others against the memes
being high fidelity is that they argue that in any single instance of copying, there will be
large errors, e.g., cases where it appears that the copying is high fidelity—I draw a
hexagon then you draw one—are not, in fact cases of copying. Instead, the hexagon that
I draw congers up the hexagon concept in you. You then draw a hexagon based on this
preexisting concept. You are thus copying my hexagon. If I draw a complex and unique
shape and have you attempt to draw it, you will fail miserably. Sperber concludes from
this that humans do not in fact exhibit copying fidelity high enough to justify claims
about memes. As we saw above, this argument cuts no ice since memes should not be

identified with behaviors. But there is a deeper problem. Unlike genes, which are
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transmitted only once, culture is transmitted multiple times. In learning English or
calculus or learning to dance one does not get it immediately. It can take days, months,
or even years of repetition before the behavior is learned. What is important is that, in
the end, the behavior is reproduced. After each dance lesson, say, you are better able to
tango. But after years of lessons you become proficient—and this proficiency amounts to
high fidelity transmission. It is just that the mode of transmission is very different than
in the human case. The cultural parents may be many—you might have studied with
many dance instructors over the years—and this will complicate the task of mapping
out cultural lineages. But in the end, the behavior is reproduced faithfully and this is
what matters.

Cultural transmission in infrahumans occurs like this as well. In songbirds, for
example, the songs that birds sing are not innate. Instead, they are learned from either
their father of from other males in the population. The fidelity from one generation to the
next is quite high. But this high fidelity is not achieved by through a single instance of a
young male listening to a male of the older generation. It is result of many such
encounters combined with practice. This does nothing to limit the possibility of songs
being acted on by natural selection.

The situation is not really that dissimilar in the biological case, of course. Natural
selection began to work just as soon as earlier distributions of traits determined later
ones. Any mechanism for doing this would have been selected for, so long as the
mechanism contributed to the preservation of adaptive traits. Among all the physically
possible hereditary mechanisms that did this, the DNA mechanism won out as the very
best, and was so much better that it out competed all the other mechanisms. One reason
it was better than the others was presumably because it enabled almost perfect copies to
be replicated almost endlessly—in spite of the vicissitudes of the second law of

thermodynamics, whereas others, RNA-based copying for example, were substantially
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less perfect in their copying. And presumably there were other copying methods, which
were not even as good as RNA in copy fidelity. But these concessions don’t imply that
only DNA would have worked to make adaptational evolution possible. At most they
show that DNA does better than others at making it possible. In the biological case,
natural selection led to the emergence of one predominant mechanism of replication. In
the cultural case, the odds are it has led to the emergence of many mechanisms of
differing degrees of copy-fidelity, along with some mechanisms that do not make
anything we would call copies at all, even as they enable earlier distributions of cultural
traits to determine later ones.

Some theorists, notably Richard Dawkins, have argued that digital copying with
the fidelity that DNA confers is required for evolution by natural selection. For
significantly lower fidelity in copying would prevent the very slight randomly produced
differences among competing traits to produce the degree of diversity, complexity and
most of all adaptation which 3.5 billion years of natural selection has produced on the
Earth. Whether we buy this argument for biological evolution or not, it holds relatively
little weight for cultural evolution. Cultural evolution sometimes moves much faster even
than the generation time of a bacterium, owing to drift and mutation in behaviors, and
owing to changes in the (cultural) environment, the degree of similarity between
individual behaviors in earlier distributions and the later distributions earlier ones
determine, need not be anything like as great as in the slow moving, extremely gradual
biological case. In fact, since it appears highly likely that certain highly adaptational
variant behaviors should emerge, perhaps repeatedly, and be extinguished by drift in
spite of their fitness, we would not want a theory of Darwinian cultural evolution
committed to high fidelity replication. Lower fidelity replication may be an important
part of the explanation for why some highly adaptative behaviors, technologies, norms,

institutions, have emerged in human history and then disappeared.
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5. What do memes explain?

In the case of genes, it is reasonably clear what the explanandum is—traits
similarities (and differences) from one generation to the next—and why these call out to
be explained. When Mendel was conducting his experiments with the peas, he found it
necessary to posit discrete entities that were transmitted from parent to offspring in
order to explain a number of facts about phenotypic traits such as the fact that some
can stay virtually unchanged from generation to generation, that some that are absent in
one generation can reemerge in the next, as well as the distribution of traits in the
offspring. Blending inheritance models did not work, especially in explaining how traits
can disappear in one generation and reappear in the next. Thus, a discrete, particulate
inheritance was needed.

For culture, is there a similar phenomenon that is calling out to be explained? If
so what is it and why a does it call for a discrete form of inheritance, i.e., memes? It
seems that some meme theorists are making the inference from there being a similarity in
behavior that is transmissible from human to human to there being a replicator lying
behind and explaining this similarity. Susan Blackmore (1999), e.g., makes this inference.
Others like Aunger (2002) think it is an additional empirical fact that replicators are
involved. (His “Electric Meme” book tries to make the case for the existence of memes.)

To see that the non-genetic replication of phenotypes does not (necessarily)
require the transmission of replicators that lie behind and explain the replication,
consider, again, the case of prions. Prions transmit their form from themselves to other
protiens. What explains this similarity of form? Are there replicators that lie behind and
explain the similarity (priogenes, say)? No, it appears that the prions themselves are
replicators and there are not replicators within the prions that explain the transmission

of form. The prions are acting as both replicator and interactor.
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Now take the case of human phenotypes: Humans are able to transmit their form
or behavior from individual to individual. Does this mean that there is a replicator that
lies behind and explains this similarity? If the case is like that of prions, then the answer
is no. In this case there are not replicators lying behind the human similarity, instead the
humans are the replicators. To show that this is not the case, i.e., to show that we need
to posit replicators lying behind the transmission of form or behavior in the human case,
one needs to show why this transmission in humans is qualitatively different from the
transmission of form in prions. In the human case, there are certainly similarities that
require explanation in terms of replicators. Eye color, say, is explainable by the
replication of a set of genes. But other similarities, similar ways of dressing, for example,
do not require genetic replicators in their explanation. Are other, nongenetic replicators
necessary? It is not clear that that they are necessary.

With genetic traits there is a (gametic) package that is transmitted from parent to
offspring. These traits are a puzzle without an understanding the contents of the
package—the genes and the processes by which they are sorted, packaged, and
transmitted. But where is the analogous puzzle in the case of humans? There is no occult
package transmitted between individuals. We know that behaviors are transmitted
through a variety of ways, such as one person simply observing another. It is, of course a
difficult empirical question how an individual’s observations are transformed into
actions. This is an active research program and new discoveries—such as the role of
mirror neurons in imitation—are being made daily. But what isn’t the case in these
investigations (so far as we can tell) is that these researchers feel it necessary to posit a

meme that is transmitted between individuals.
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6. Conclusions

So what are we to do with the meme concept? On the one hand it seems very
premature to give any specific details about the nature of memes at this time. Just as the
early gene researchers had no real account of the nature of genes, so it does not seem fair
to require of meme theorists that they produce a robust picture of the ontology of the
meme. On the other hand, as we have seen, although it was useful—in fact, necessary—
for researchers to posit genes in order to understand the processes of inheritance and
development, there does not seem to be a corresponding necessity in the case of culture.
Because of this, we would like to challenge the meme theorists to say what they think it
is that makes it necessary to posit memes. What, exactly, is meme theory and what sorts
of predictions does it makes that alternative theories do not? Although very little was
known of what the gene was during the early days of genetics, there were some general
predictions that could be made by claiming that the system of inheritance was
particulate. We have not yet encountered similar predictions in the case of the meme.

Although we remain unconvinced about the need to posit memes, we do see the
need for typing cultural behaviors. The term ‘cultural variant’, used by Boyd and
Richerson (1985 and elsewhere) turns out to be a useful concept and is heavily used in
the next chapter. Are not cultural variants memes? If so, then we would have no
problem with them. The reason they are not is that the cultural variant concept is neutral
with respect to discreteness. In fact, Boyd and Richerson (2005) are explicit that because
culture can vary continuously, there is more to culture than memes. The following
chapter uses the notion of a cultural variant to explore the constraints on the evolution

of culture.
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4. The Fundamental Constraint on the Evolution of Culture

1. Introduction

It might seem that it is generally better to be cultured, that is, that individuals
would be better off if they possessed the ability and disposition to socially transmit
information. After all, individuals of a species exhibiting the social transmission of
information can potentially acquire information at a lower cost, more reliably, and
faster. Instead of risking dangerous trial and error learning—learning, for example, which
species are predators and what to do to avoid them—individuals can readily learn this
invaluable information from their conspecifics.

But being cultured also has its costs. There are reasons why learning individually
or being “hard wired” might be preferable to social learning. For example, Boyd and
Richerson (1985) point out that if environmental change is too fast or too slow, cultural
learning can be deleterious: An individual in a rapidly changing environment who gets
old information from a conspecific is likely to be worse off than if it used trial and error
learning. Similarly, in a rather stable environment it is likely to be advantageous to be
hard wired to behave in certain ways instead of learning (both because there is an
inherent cost to learning and because conspecific models can be unreliable or deceptive).

There are also many traits—such as the ability to imitate and innovate—whose

absence can act to constrain the evolution of culture.' Recognizing that culture is

' Both ‘evolution’ and ‘culture” are polysemous. Thus, the phrase “cultural evolution’ is
multiply ambiguous. The evolution of a trait can mean the origin of a trait or the change
of a preexisting trait. ‘Culture’ can refer to an ensemble of cultural variants (e.g.,
American culture), particular cultural variant types (e.g., driving on the right side of the
road), a particular cultural variant token (e.g., Martha’s way of tying her shoelaces,
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adaptive in some ways, but maladaptive or constrained in other ways, leads one to ask
whether there is an overarching framework in which to understand the evolution of
culture. In this chapter, I introduce a general constraint—what I am calling the
Fundamental Constraint on the evolution of culture—which provides a way of explaining
why culture has arisen in some lineages but not others, as well as explain why culture,

especially complex, cumulative culture is not more common than it is.

2. Constraints on the evolution of culture

Before introducing the Fundamental Constraint, I will briefly map out the
diversity of constraints on the evolution of culture. There are six dimensions in which
something can act as a constraint: The Transformation, Reception, Implementation,
Propagation, Production, and Evaluation (TRIPPE for short) of cultural variants can be
constrained. The presence of any one of these constraints can eliminate the adaptiveness
(or even possibility) of culture. Let’s look at some examples of constraints on culture
and see which TRIPPE dimensions they occupy.

Imitation. Many forms of culture require imitation and the ability to

imitate can be cognitively and perceptually demanding. A lack of culture—certain kinds

learned from her mother), or to a cultural system as a whole (e.g., songbirds exhibit
culture but roaches do not). In producing a framework in which to understand the
evolution of culture, I am chiefly concerned with evolution in the sense of origin (though
maintenance is also important) and culture in the sense of a cultural system as a whole.
Thus, a constraint on the evolution of culture (in this sense) concerns the origin (and
maintenance) of cultural systems. The constraint I propose shows what it takes for
cultural systems (as a whole) are to be adaptive, i.e., why it would be advantageous to
learn how to behave from conspecifics instead of learning individually or being heard
wired.

* There is much debate whether “true” imitation (Thorpe 1963) occurs in nature and
some have even argued that the human imitatative ability is unique and different in kind
from the copying found among other animals, and that this ability is necessary for
complex, cumulative culture (Tomasello et al. 1993; Tomasello 1999). For a discussion of
the concept of imitation see Whiten and Ham (1992) and Byrne and Russon (1998).
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of culture, at least—might therefore be explained in terms of a lack of certain kinds of
imitation. Imitation minimally requires that an individual observe another individual and
(thereby) produce a behavior that correlates with the observed behavior. Thus, the
TRIPPE dimensions affected by this constraint could be either reception or implementation
(or both). If an individual cannot perceive the behaviors of others or store this
information (reception), imitation is impossible. Likewise, if the individual cannot put
this information to use (implementation), imitation is impossible.

Innovation. Even if members of a species are able to imitate flawlessly, it does
not follow that imitating others is adaptive. Although a species might be able to imitate
behavioral variants of others, there could be a paucity of good behavioral variants
available to be imitated. One reason for this is that the species might not have a
propensity to innovate.’ If one’s conspecifics rarely produce beneficial innovations, then
it will be better not to copy them. There are a number of reasons why a species might not
produce beneficial innovations. One is that the species lacks neurological structures
labile enough to produce behavioral novelty, or that the novel behaviors that are
produced tend to be worse than the status quo, e.g., they tend to be mistakes. This is an
example of a constraint on transformation or production (or both).

Social structure. Even if members of a species are able to imitate flawlessly and
regularly produce beneficial innovations, culture may still not evolve. This is because the
organisms need to be sufficiently social for cultural variants to be able to spread among

the members. Social structure is an example of a constraint on propagation.*

* For a discussion of the concept of innovation, see Chapter 5 and Laland and Reader
(2003).

* For an example from anthropology, see Henrich’s (2004) model of the structure of

social transmission and the explanation of maladaptive losses of cultural variants in the
case of Tasmania.
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Discrimination. Even if individuals are able to innovate and imitate and there is
an amenable social structure, if the individuals are not disposed to adopt the good
variants, then it may not be good to be cultured. (As we will see below, although it is not
always necessary that individuals are able to make such discriminations, there is a large
class of cases in which it is necessary.) Individuals can make these discriminations to
determine the variants that they will adopt or the variants others (e.g., their offspring)

will adopt.® This is an example of a constraint on evaluation.

3. The Fundamental Constraint

The constraints listed above can each act to keep a species from evolving a
cultural system. And they can help to explain why some species have never evolved a
cultural system, while others have. But what is lacking from these explanations is an
overarching framework, a way to say, in general, what it takes for a cultural system to
be adaptive. For this, we need to understand what I am calling the Fundamental
Constraint on the evolution of culture.

The Fundamental Constraint is this: For culture to be adaptive there must be a positive
correlation between the fitness of cultural variants and their fitness impact on the organisms
adopting6 those variants. Furthermore, any cultural system that has a stronger correlation
of this kind than another cultural system will be more adaptive, ceteris paribus. The
Fundamental Constraint employs two concepts—the fitness of cultural variants and the
fitness impact of those variants—that need explication. The fitness of a cultural variant

is based on the probability of the variant being received, implemented, and propagated

® For a discussion of the importance of these kinds of evaluations in cultural systems,
see Castro and Toro 2004 .

®To adopt a variant is to receive and implement it.
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by the organisms in the population. Some variants will have a higher fitness than others,
but this does not mean that those variants are better for the organisms that adopt them.
They might simply be easier to implement (perhaps they are less complex), more likely to
propagate (perhaps they are more likely to be exhibited in social situations), or more
likely to be received (perhaps due purely to the attractiveness of the variant) than an
alternate variant. (These are examples of what Boyd and Richerson call biased
transmission.) By the fitness impact of cultural variants on organisms, I mean the change

in the organism’s fitness conferred by the adoption of a particular cultural variant.”

Uit
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Figure 1. A graphical representation of the Fundamental Constraint.

7 This of course requires that the fitness of organisms be able to change over time.
Although I have argued elsewhere that the fitness property in the theory of natural
selection cannot change over time (see Ramsey 2006), I do think that there is a fitness
concept (what I call Flux Fitness) that does satisfy this requirement. Flux Fitness is based
on an organism’s instantaneous probability of surviving and reproducing. If one is
troubled by a dynamic fitness concept, the horizontal axis can be reinterpreted to be the
difference in fitness between two distinct organisms O; and O, that differ only in their
probability of adopting the cultural variant c represented on the vertical access, i.e., the
values on the horizontal axis are wO; - wO,, where p(O; accepting ¢) = 1 and p(O,
accepting ¢) = 0.

50



There are two kinds of cultural systems: facultative cultural systems and obligate
cultural systems. A facultative cultural system is one in which the organisms can abstain
from engaging in cultural transmission. If the system is facultative, the zero point on the
horizontal axis in Figure 1 represents the organism not adopting a cultural variant (or
adopting a variant with no fitness impact).® Thus, a point on the left side of the graph
represents a cultural variant that is worse for the organism than not adopting any
variant, whereas a point on the right represents a variant that is better than adopting no
variant at all. An obligate cultural system is one in which the organisms cannot abstain
from engaging in cultural transmission; they are forced by their circumstances to adopt
one cultural variant or another. An example of such a system is vertical diet inheritance
in rats (see Galef 1977). The fetal rats absorb the chemicals from the food consumed by
their mother and thereby inherit preferences for this food. This is an obligate system
since the rats cannot opt out of this inheritance. Although it is true that rats could evolve
to be uninfluenced by the diet of their mother, such a change requires evolutionary
change and cannot arise during the development of an individual rat. It is this failure to
be able to opt out during development that makes something an example of obligate
cultural transmission. For obligate cultural systems, the fitness values represented on
the horizontal axis in Figure 1 will be relative to the pool of cultural variants, and the
variant that is the worst to adopt can be arbitrarily set to zero. (This means that there

will be no negative values on the horizontal axis for facultative systems. This is not a

® o = fitness; oc = cultural variant fitness; AowO = the fitness impact on the organism of

adopting the variant. The diagonal line represents a perfect correlation between oc and
Aw®O. Points 4, b, and ¢ represent variants that deviate from the correlation line. The
arrows illustrate ways of correcting this deviation by a change in A®wO (the dashed
arrows) or oc (the solid arrows). The deviation can also be corrected through a change in
both AwO and wc (this is not illustrated).
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problem, since the important thing is not the absolute values on the horizontal axis, but
rather the relationship between the values on the horizontal and vertical axes.)

A variant in the lower left side of the left quadrant (“a’ in Figure 1) is one that is
highly deleterious for the individual that adopts it and has a positive (though low)
probability of being passed on. A culture of celibacy, drug addiction, or the consumption
of a tasty, though toxic, fruit could occupy point a. If such a variant arises, it can be
made to conform to the Fundamental Constraint, either by decreasing the wc
(represented by the solid arrow in Figure 1), increasing the AwO (represented by the
dashed arrow), or by changing both wc and AwO an in any combination that alights
point a closer to the correlation line or decreases AwO to 0. With the fruit example,
increasing the AwO could be accomplished by the addition of a method of detoxifying
the fruit; decreasing the wc could be accomplished by simply refusing to eat the fruit.
Variant b is highly likely to be passed on and confers a positive, though moderate, boost
to the organism’s fitness. Variant c is very good for the organism that adopts it, but has
a low fitness and is thus unlikely to spread. An example of variant c is the consumption
of a species of insipid but nutritious nut. One way of bringing this variant in line with
the correlation line is to increase the desirability of eating this kind of nut, perhaps
through a method of processing the nut prior to consumption (this change would be
along the solid arrow). If the Fundamental Constraint is satisfied, i.e., if the correlation
represented by Figure 1 is maintained, then individuals in the population will tend to
adopt the best variants and, for facultative systems, it will tend to be better to adopt a
cultural variant then to adopt none at all. If the situation were otherwise, if, say, the
slope of the line were negative instead of positive, the worst variants would become the

most popular. Additionally, because deleterious variants are bound to arise, these
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variants, being the fittest, would spread through the population and make it worse to be
cultured than not.

In proposing the Fundamental Constraint, I am not claiming that in cultural
systems, variants must all fall on the correlation line. Rather, the claim is one about the
overall structure of the population of cultural variants. It could be the case that for some
particular cultural system, the fittest variants are neutral. This is not a problem as long
as this deviation from the correlation line is offset by other variants: a cultural system
will not be adaptive if all of the variants are neutral. I am claiming, however, that for
such a system with the fittest variants being neutral, the system will be more adaptive if
the fittest variants also are the most fitness enhancing for the organisms, ceteris paribus.

Now that we have seen that there is a Fundamental Constraint, let’s turn to the

question of how this constraint can be satisfied.

4. Ways of satisfying the constraint

In order to satisfy the constraint, there must be some structure in place, or some
force, that engenders and maintains the correlation between the fitness of cultural
variants and their fitness impact on the organisms adopting those variants. There are
two ways to satisfy the Fundamental Constraint, what I am calling structural solutions

and evaluative solutions.

4.1 Structural solutions

Structural solutions are solutions that shape the way in which cultural variants
spread through the population, but are not based on any organisms’ evaluation of their
own fitness, the fitness of others, or the potential fitness benefit of adopting cultural

variants. It is commonly believed that a major difference between genetic and cultural
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systems is that unlike genetic systems, in which organisms do not need to evaluate their
own alleles or the alleles of others (in order to figure out, say, whether their alleles are
better than their neighbor’s),’ cultural systems require that organisms evaluate their own
cultural variants or the variants of conspecifics (in order to determine, for example,
which variant is the best one to copy). By pointing out that there are purely structural
solutions, I am arguing against this claim."

One structural solution is for all cultural inheritance to occur vertically (i.e., from
biological parent to offspring only). There are two kinds of vertical inheritance, one—
fixed vertical inheritance—in which the variant is inherited from only one parent and this
parent always possesses just one variant. This satisfies the Fundamental Constraint
because the only way a cultural variant can become fitter is for it to boost the fitness of
the organism that adopts it. An example of this would be offspring learning to forage
from their mother. She is presenting them with just one model for how to forage, and the
better the foraging strategy, the fitter the individuals will tend to be.

A slightly more complex case—flexible vertical inheritance—is vertical inheritance
in which the offspring are exposed to multiple, competing variants from their parents.
An example would be both parents acting as models for the foraging strategies of their
offspring and each offspring adopting just one of the strategies. In a system such as this,
there is the possibility of a worse (for the organism) variant winning out over a better
one. (This is analogous to meiotic drive.) If one foraging strategy is simpler, for example,

it might be easier to learn than the more complex one. This could confer a higher

? In sexual selection, of course, the individuals often make mating choices founded on
(genetically based) phenotypic trait differences.

' Although some structural solutions require cognitive sophistication, others clearly do
not. Sterelny (2006, 142) claims that “...sucking information out of parental minds is
not a dumb, blind process.” While this is often the case (especially in humans) it need
not be. The above example of diet inheritance in rats is an example of this.

54



probability of adoption on the simpler strategy even if the strategy is less profitable."
Although this kind of learning bias can militate against the satisfaction of the
Fundamental Constraint, the Fundamental Constraint will still be satisfied if the
selection pressure for good foraging strategies swamps the learning bias. And since the
individuals with good strategies will tend to be the ones that choose the best of the
competing variants, there will be strong selection against these sorts of learning biases.
Because of this, vertical transmission systems generally satisfy the constraint.'
Horizontal and oblique transmission systems," on the other hand, do not
automatically satisfy the constraint, i.e., a cultural variant can be fit without it
conferring a fitness advantage on the organism that adopts it. This does not mean that
only systems of vertical transmission satisfy the constraint. There are a number of
learning strategies that act as structural solutions for horizontal and oblique
transmission systems. There is, in fact, an indefinite number of such strategies,'* but

many of them are unstable or unlikely to evolve. For a behavioral strategy to count as a

structural solution, it cannot require that the organisms make assessments of the fitness

" There is, however, a cost associated with the ability to adopt complex variants. This
ability might require larger, more complex nervous systems. Thus, the adoption of a
simpler and ostensibly less optimal variant might be more adaptive than having to build
bigger brains to make the adoption of more complex variants possible.

12 Genetic inheritance is of course purely vertical (at least for multicellular organisms),
and the Fundamental Constraint helps to show why it is good for organisms to possess
such a system: If the transmission is vertical and the variants always come from a single
parent, or if they come from either parent (but which parent the variant comes from is
determined stochastically), then the constraint is automatically satisfied. Although I am
considering the Fundamental Constraint only for the case of culture, I would argue that it
is a constraint on inheritance mechanisms in general, not just cultural systems.

" Horizontal transmission is transmission among individuals in the same generation.
Oblique transmission includes all transmission from one generation to the following

generation that is not vertical, i.e., that in not from biological parents to offspring.

" For a more extensive discussion of learning strategies and their adaptiveness, see
Laland (2004).
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of their self or their conspecifics. One such strategy is copy old individuals. This strategy
can satisfy the constraint if the variants affect the survivorship of individuals and if
once an individual accepts a variant, it replaces this variant only rarely or never. Thus,
an individual who copies an old individual will tend to adopt a behavior that has
withstood a lifetime of selection pressures and will tend to be better than a variant
adopted by an individual who did not make it to old age. It may seem that such a
strategy is an evaluative, not a structural solution, but no evaluations need take place in
order to realize such a strategy. For example, it could be that young individuals attend
school to learn some set of skills and that the teachers are old. The students need not
evaluate whether their teachers are old (or the bearers of good variants). The society is
simply structured in such a way that the teachers from which the young learn are old.
Another behavioral strategy structural solution is copy individual of highest rank.
This is a solution if the highest ranked individuals tend to be the fittest and the fittest
individuals tend to possess the best cultural variants. This also might seem like it is not
a structural solution, since it would appear to require discriminations based on rank. But
this need not require any assessment of the quality of the self or other. It might just be
that the highest ranked individuals occupy a unique spacio-temporal position in the
group. For example, if the highest-ranked individual occupies the most conspicuous
position within the group, a young individual searching for a model will have a high
probability of copying this individual relative to other individuals within the group. This
difference in probabilities is not based on the discriminative abilities of the copier—it is
merely based on the structure of the society. A related solution is referred to as
“prestige-based guided variation” by Henrich and Gil-White. Because there is a
correlation between prestige and age (Simmons 1945), the rules copy prestigious
individuals and copy old individuals will sanction the copying of many of the same

individuals.
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Another way to satisfy the constraint is to occasionally opt out of social learning
(and instead learn individually) or to socially learn from an individual who opted out of
social learning."” The extent to which the Fundamental Constraint is satisfied can
depend on the frequency of individual learning. One way of introducing an
advantageous variant into the population is to learn something individually and act as a
model for another individual. If none of the individuals in a population learn on their
own, if all merely copy each other, then the variants will become less and less good for
the organisms. This will shift the correlation line in Figure 1 to the left as well as make it
tend towards vertical, breaking the connection between the fitness of the variants and
their fitness impact on the organisms. This frequency dependence becomes very
important in rapidly changing environments. In such environments, cultural variants
rapidly loose their benefit to the organisms (see Boyd and Richerson 1985) . Thus, we
would expect that cultural systems in rapidly changing environments would include a lot
of individual learning. Opting out (or copying those who opt out) can be a structural
solution—individuals can opt out with some set frequency, not based on their
assessments of the quality of the variant or the bearer of the variant—but it can also be
an evaluative solution. Individuals can opt out if they judge that the behaviors of the

models are suboptimal, for example.

' This of course can occur only in facultative cultural systems. When an organism opts
out of social learning, it is likely to opt out in one or a few domains only. It is not
necessary (and often not possible) that it opt out of social learning altogether. Henrich
and Boyd (1998) show that occasional use of individual learning is beneficial since it
helps in avoiding suboptimal traditions. See Boyd and Richerson (1989) for models
relating individual learning, social learning, and the adaptiveness of culture.
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4.2 Evaluative solutions

Evaluative solutions fall into three categories, those that require the evaluation of
the self, others, or both. One example of a solution that requires an evaluation of the self
is copy if dissatisfied. If an individual correctly assesses that it is not doing well in some
domain, it will tend to pay to copy a conspecific’s behavior in this domain. A similar
strategy is copy if uncertain. If an individual is uncertain how to behave in some domain,
copying a conspecific will tend to be profitable. Evaluative solutions can be combined
with structural solutions for an even better solution. For example, the compound
strategy copy old individuals if uncertain is better then either copy if old or copy if uncertain.

A strategy that requires the evaluation of others (but not the self) is copy
successful individuals. This strategy satisfies the constraint only if successful individuals
tend to possess success endowing cultural variants. Since this is not guaranteed, the
better strategy is copy successful behaviors. It is often a lot harder to determine which
behaviors are successful than to determine which individuals are successful.'® In the case
of humans, it is a lot easier to tell which farmers were successful (simply measure their
yield) than to tell what it is that made them successful—was it their seed stock, their
fertilization, watering, planting, or harvesting methods, or perhaps some combination of
these? Similarly, it often easier to tell that one group is doing better than another than to
identify which individuals in the group are responsible for this success. When someone
wins a Nascar race, we can confidently say that the team did well. But what gave the
team the winning edge? Was it the driver, the design of the car, the mechanics? This is

much more difficult to discern.

' This is an example of what Boyd and Richerson (1985) refer to as an indirect bias.
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A related strategy that requires an evaluation of both others and the self is copy if
better. Like the copy if successful strategy, there are two versions, one involves copying the
behaviors of individuals that are doing better. The other (more cognitively challenging)
version is copy better behaviors.

The above evaluative solutions operate by accepting good variants and
expunging bad variants. But there is another way to satisfy the Fundamental Constraint:
the adaptive transformation (i.e., guided mutation) of existing variants. The ability to
transform variants can be divided into two classes, those based on concrete information
and those based on abstract information. I will call these concrete transformations and
abstract transformations. Concrete transformations are transformations based on concrete
sensory feedback. If a rat eats a food item and subsequently gets sick, it will probably
modify its diet to eliminate this kind of food. This is an example of concrete
transformation. If, on the other hand, the rat “considers” foraging in a traditional
exposed area, “judges” it to be too dangerous, then “decides” to forage only in more
protected areas, the rat will have accomplished an abstract transformation."”

Another distinction can be drawn between transformations based on proximate
feedback and those based on distal feedback. The above example of the rat getting sick
following its eating a food item is a case of proximate feedback—the effect quickly
follows its cause. If, on the other hand, a rat chooses a mate, there will not be proximate
feedback on whether this was a good choice or not—the offspring produced by the pair
might be genetically inferior, but even if this inferiority is detected, the connection

between this inferiority and the mate is not based on proximate sensations.

7 To what extent the rats are able to perform the actions in scare quotes in the previous
sentence is questionable. See the arguments in the following section for the rarity of
culture.
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Humans are experts at abstract transformations and are able to effect them
based not just on distal effects that actually occurred, but on the representations of
what might occur.'® Although humans can effect such transformations, part of my
argument for the rarity of culture (as we will see below) is that abstract, especially

abstract distal, transformations are outside of the cognitive abilities of most species.

5. The form and distribution of cultural systems

The solutions presented in the previous section are all ways of filtering out or
improving deleterious cultural variants and retaining good ones. This can occur either
through the structural or evaluative solutions (or both). Because of this limited domain
of solutions to the Fundamental Constraint, one would predict a limited domain of

cultural systems in nature.”

¥ Dennett (1995) makes the distinction between Darwinian creatures—creatures with
rigid behavioral responses, Skinnerian creatures—creatures that blindly try different
responses, some of which get reinforced, increasing the probability of the reinforced
behavior, Popperian creatures—creatures with an inner selective environment that can pre-
sort the good behaviors from the bad without having to try out the bad behaviors, and
Gregorian creatures—the subset of Popperian creatures able to import mind tools to be
used in both the generation and testing of behavioral variants. Skinnerian creatures are
presumably only able to make concrete transformations, whereas at least some
Popperian creatures (and perhaps all Gregorian creatures) are able to make abstract
transformations. Just because a creature is able to make abstract transformations does
not mean that it can make them in all domains. It is likely that any creature capable of
abstract transformations in some domains (such as navigating a hillside) will have
domains in which the behavior is rigid or not readily transformable (such as increasing
one’s pulse in the presence of a predator).

" Depending upon how ‘culture’ is defined, one might think that there is either a lot or a
little culture in nature. The “all non genetic transmission” definition of culture makes
culture ubiquitous, since cytoplasmic inheritance becomes cultural. But what is
undoubtedly rare in nature is complex, cumulative culture. Some have even argued that
humans are the only species that exhibits cumulativity (e.g., Tomasello et al. 1993). The
Fundamental Constraint and the limited ways that it can be satisfied can help explain
why this kind of culture is not more common in nature.
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One way to see why the Fundamental Constraint predicts that culture, especially
complex, cumulative culture should be rare is the following argument: Cultural
transmission is either purely vertical or it is not. If it is purely vertical, then the
Fundamental Constraint is automatically satisfied (as we saw above). But this comes at
a cost. If the transmission is purely vertical, then (1) cultural inheritance acts like genetic
inheritance, which implies that (2) individuals cannot incorporate innovations from any
conspecifics except biological parents, (3) good variants cannot spread through the
population except through the fecundity of the lineage bearing the variant, and (4) bad
variants cannot be replaced by other, better variants from the population, i.e., bad
variants can only be eliminated through behavioral plasticity or natural selection on the
bearer of the variant. Additionally, (5) if the majority of the cultural mutations are bad
(which we would expect unless the variation is directed), then if the cultural system has
a slow mutation rate, cultural change is rather slow and it is unlikely that such a cultural
system would be favored over a genetic system. If it has a rapid mutation rate, the
species would have to have a high fecundity in order to purge the deleterious variants or
would have to have a robust system of adaptive transformation. In sum, there is a
limited space in which vertical cultural transmission would be favored over genetic
transmission.

In spite of these restrictions on vertical cultural transmission, there are cases of
adaptive vertical inheritance. Many of these cases involve transformations of some sort
(e.g., directed mutation) that increases the adaptiveness of the cultural variants. One
example of adaptive vertical transmission is diet inheritance, which occurs in many
species from bears to butterflies. One well-studied case is diet inheritance in rats (Galef
1977) that I discussed above. One thing that makes the inheritance of diet in rats

adaptive is that the offspring inherit preferences for what the mother is eating during
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gestation.” This is the diet of an adult and is the result of a mixture of the diet inherited
from her mother plus a healthy dose of trial and error learning (concrete
transformation—i.e., directed mutation). The trial and error learning presumably
eliminated most of the deleterious dietary preferences she inherited as well as updated
the diet to the changing environment, thus aligning her fitness with the fitness of her
cultural variants (and thereby satisfying the Fundamental Constraint).

If the transmission is not purely vertical, then it incorporates oblique or
horizontal transmission (or both). If the system incorporates horizontal transmission,
then (1) through (5) are not the case: An individual is potentially able to replace any bad
variants it has with better versions from conspecifics, cultural change can be rapid, and
the variants received from individuals in the same generation will tend to be more up-to-
date. But as with vertical transmission, there is a cost. Along with the benefits of
horizontal transmission comes the lack of automatic satisfaction of the Fundamental
Constraint. In order for the Fundamental Constraint to be satisfied, structural or
evaluative solutions must be in place. Are there structural solutions that satisfy the
constraint in the case of horizontal transmission? All of the structural solutions listed
above (with the exception of opting out and the possible exception of copy individual of
highest rank) make the system effectively into a vertical or oblique system, e.g., a
horizontal transmission system that adopts the rule copy old individuals has effectively
changed into a vertical/ oblique system. Because there are few structural solutions that
still allow horizontal transmission, evaluative solutions will generally be needed. A rule
like copy if better, if followed, will satisfy the constraint. But what are the cognitive

requirements for such a rule? Although this is of course a difficult question to answer, it

0 Galef has also shown that there is horizontal transmission of diet in rats (e.g., Galef
1988).
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is probable that for some kinds of variants the cognitive requirements are substantial.
The organisms need to resist the seduction of intrinsically attractive variants and adopt
new ones only if they are better than what they already have. If proximate feedback is
available, concrete transformations can be used to keep the organisms from possessing
deleterious variants. But if we include the larger domain of variants with distal or
hypothetical effects, a much more subtle and powerful kind mechanism for sorting good
variants from bad is required, something that humans constantly employ, but other
species may not have to the degree necessary for them to satisfy the Fundamental
Constraint. This sorting mechanism may go a long way toward explaining the rarity of
culture in nature and the uniqueness of human complex, cumulative culture.

Oblique transmission represents an intermediate case between vertical and
horizontal transmission. If the transmission is oblique only, or if it is oblique and
vertical, then the Fundamental Constraint will tend to be satisfied if the variants affect
survivorship. An evaluative solution like “copy the best behavior” can work well in an
oblique transmission system, since the best variants from each generation can be selected
and the worst variants can expire with the death of their bearers. But oblique
transmission also suffers from modified versions of (2) through (5) above, which
eliminates a number of the benefits that culture can provide: In oblique systems,
individuals cannot incorporate innovations from any conspecifics except individuals
from their parent’s generation, which means that any good variants that arise must wait
until the next generation to spread through the population. If the environment is rapidly
changing, what was an adaptive variant a generation ago may no longer be adaptive.
Furthermore, without evaluative solutions (like the “copy the best behaviors” example
above) variants that are bad for their bearers can become popular (e.g., celibacy). Thus,
for many cases, oblique systems will require evaluative solutions in order to satisfy the

Fundamental Constraint.
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In sum, vertical inheritance systems will generally satisfy the constraint but will
rarely be favored over genetic transmission except in systems involving adaptive
transformations (directed mutations). Horizontal and oblique systems do not
automatically satisfy the constraint and generally require evaluative solutions in order to
be adaptive. The rarity of these kind of systems in nature can in part be explained by

the rarity of cognitive systems capable of these kinds of evaluations.

6. Conclusions

We have seen that there is a Fundamental Constraint on the evolution of culture
and that this constraint must be satisfied for a cultural system—or any kind of
inheritance system—to be adaptive. This requirement strongly limits the variety of
cultural systems that can evolve, and thus helps to explain why there is not more culture
in nature. This is the case because the two ways to satisfy the constraint—structural and
evaluative solutions—are often either no better than genetic inheritance or require
advanced cognitive abilities. Most animal species are expected to be able to perform
only concrete transformations. In order to take full advantage of a cultural system, the
individuals would need to be able to perform abstract transformations. This points to a
key empirical question: What does it take to evolve the ability to make abstract cultural
transformations? In the case of the origins of human culture, the central question is:
What did it take for our ancestors to evolve the ability to make abstract cultural
transformations? Any account of the origins and evolution of culture—human or

infrahuman—will have to be an account of how the Fundamental Constraint is satisfied.
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5. Animal Innovation Defined and Operationalized

1. Introduction

The study of animal innovation is vitally important to the study of animal
culture, evolution, ecology, and intelligence. Innovation is a key component of most
definitions of culture (Imanishi 1952; Kummer 1971; overviews in McGrew 1998; Rendell
& Whitehead 2001) and intelligence (Reader & Laland 2002; van Schaik & Pradhan
2003). Because innovations can affect fitness, they can play an important role in a
species’ ecology and evolution (Giraldeau et al. 1994; Lefebvre et al. 2004). In spite of
this, innovation itself has been infrequently studied, both conceptually and empirically
(Kummer & Goodall 1985).

Reader and Laland’s (2003a) edited volume recently opened debate on the topic
of animal innovation, offering several important theoretical contributions and reviewing
the results of previous attempts to study innovation (see also Huffman & Hirata 2003).
They also developed an operational definition of innovation—“Innovation is a process
that results in new or modified learned behaviour and that introduces novel behavioural
variants into a population’s repertoire.”—that involves observing the first occurrence of
a novel learned behavior in a population (Reader & Laland 2003b, p. 14). Comparative
studies (e.g., Lefebvre et al. 1997; Reader & Laland 2002) have implicitly relied on
similar definitions (although innovations did not always come from populations subject
to long-term monitoring). At present, most existing observations of innovation refer to
responses to human-made changes in the environment (many examples of the
innovations compiled in comparative studies: e.g., Lefebvre et al. 1997) or to novel

behaviors in captivity (many other reported examples of innovation: e.g., Reader &
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Laland 2001; Reader 2003). The currently used operationalization makes it possible to
examine the features of individuals or the ecological or social setting that affect the
likelihood of innovation, the characteristics of innovators, such as their sex, age or social
position, the psychological processes involved (Reader & Laland 2001; Reader 2003), as
well as the spread of these novelties (Hauser 1988; Boesch 1995). Unfortunately, sample
sizes in the wild will often be too small to study features of the innovative behaviors
themselves.

Despite being the best attempt to date at defining innovation, Reader and
Laland’s (2003b) definition has limitations. Under their definition the rates of
innovation production (innovativeness) as well as the size of the innovation repertoire
are necessarily functions of the size of the population(s) studied as well as how
extensively the species has been studied, precluding unbiased estimates of innovation
repertoires. Most long-term field studies will only witness the origin of a few innovations
at best, and thus possibly record only a small and perhaps biased subset of the
innovations present in the population. Because their definition classifies as innovations
only the subset of behaviors that arose during the observation period, we cannot
systematically compare innovation repertoires between populations or species, link them
to external conditions or species characteristics, nor can we collect enough information
to examine the features of the innovations themselves, e.g., in which behavioral domains
they occur or what proportion of them are cognitively complex.

The task of this chapter is to help resolve these problems. Our aim is to develop
a definition of innovation that can serve as the basis for operational criteria for
descriptive, cross-sectional field studies. To accomplish this we develop an individual-
level process definition of innovation, and from this derive a product definition that can
be used to generate operational criteria for recognizing innovations in the field. A

parallel paper (van Schaik et al. 2006) applies these operational criteria to a set of
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possible innovations generated in a field study of wild Bornean orangutans, Pongo

pygmaeus wurmbii (see also section 4.5).

2. Why study innovation?

In order to underscore the importance of having a procedure to identify
innovations in nature and to motivate the following argument, we will begin by briefly
discussing some of the connections between innovation and ecology, evolution, culture,
and intelligence.

Innovation and ecology: Innovation is likely to play a role in many aspects of a
species’ ecology (Sol 2003; Giraldeau et al. 1994). For example, being innovative and
larger-brained increases a species” probability of surviving its release into a foreign
habitat (Sol et al. 2005). Similarly, the more innovative a species is, the better it may be
at surviving an invasion by another species. At the level of the community, this would
seem to imply that innovations have a positive effect on local species richness, i.e.,
alpha diversity (Whittaker 1972). On the other hand, the innovativeness of a species is
likely to be positively correlated with its niche breadth, and thus could have a negative
impact on alpha diversity. As a result, innovation may push local diversity in both
directions at once. The direction and magnitude of the net force will only be discerned
through careful empirical work—and this work will only be possible if we are able to recognize
innovations in the field.

Innovation and macroevolution: Innovation can play a role in the direction and rate
of evolution. It has been proposed, for example, that more innovative species will tend
to have higher rates of evolution (Wyles et al. 1983; Sol 2003). This may be the case, and
the techniques proposed here will help in testing this prediction more rigorously.
However, we suspect that innovation is unlikely to play a unitary role in evolution.

Rather, the impact that innovation has on the direction and rate of the evolution of a
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species is probably a function of the frequency and character of the innovations
produced, as well as other factors such as the degree of social learning and adoption
decisions employed by individuals confronted with new innovations. For example, it is
also possible that innovative species might be able to decrease their rate of evolution
through, for example, the production of niche constructing (Odling-Smee et al. 2003)
innovations. These innovations could help insulate the species from environmental
changes, reducing the selection pressure and (thus) the rate of evolution.

Innovation and culture: A complete understanding of culture requires an
understanding of innovation. Because only a subset of innovations become cultural
traditions, in order to properly understand the phenomenon of culture, we must answer
two questions: (1) why certain kinds of behavioral novelty stick and become a
permanent part of an individual’s repertoire, i.e., why certain improvisations become
innovations (see §3.1 for a discussion of the improvisation-innovation distinction); and
(2) why certain innovations become culturally entrenched (we will call these cultural
innovations) while others expire with (or before) the death of the innovator (we will call
these personal innovations—see §3.3 for definitions of personal and cultural innovations).
If researchers have an operational criterion to distinguish between innovations that are
passed on to at least some other individuals in the population and those that are not,
then for any given population the proportion of personal and cultural innovations can be
calculated. A study of orangutans found that populations differed considerably in the
percentage of innovations that failed to spread (van Schaik 2003; van Schaik et al.
2003a). It is probable that transmission conditions affect the probability of extinction of
innovations. Thus, data on multiple populations allow us to ask whether the
probability that an innovation transitioning from personal to cultural affects the
standing innovation repertoire in a population. Reader (pers. comm.) found that of 606

cases of innovation in nonhuman primates, only 16% had spread to at least one other
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individual. The reason for this low percentage is unknown, but it may be the case that
the innovations are rarely adaptive (i.e., an improvement over existing behaviors) or
because the innovators are often of low status and are not closely attended to (Reader &
Laland 2001). The first systematic data from wild orangutans suggest that the
probability that an innovation reaches cultural status is affected by how often and how
long it is performed, assuming that the identification process is unbiased (van Schaik et
al. 2006). Moreover, innovations across orangutan populations that involve individual
comfort skills were less likely to spread than those concerning subsistence or
communication—the latter two categories perhaps being intrinsically more salient to
other orangutans. Thus, salience to observers plays a role, similar to the fate of human
innovations (Rogers 1983).

Innovation and intelligence: Innovation and intelligence are closely related
concepts. Indeed, many definitions of animal intelligence refer to novel solutions to old
or new problems (Byrne 1995; Yoerg 2001; Rumbaugh & Washburn 2003), suggesting
that the ability to produce innovations is an important yardstick of intelligence (cf. van
Schaik and Pradhan 2003). Support for this contention is that reported innovation rates
and learning ability are correlated among birds and primates (Lefebvre et al. 2004).
Likewise, species differences in the tendency to innovate or cope with environmental
change correlate strongly with the relative size of brain structures implicated in
intelligence (Lefebvre et al. 1997; Lefebvre 2000; Nicolakakis & Lefebvre 2000; Reader &
Laland 2002; Sol et al. 2005). These studies, however, had to rely on the (often origins-
based) definitions of innovations used by the authors of original reports. Moreover,
laboratory studies of intelligence cannot serve to reveal the role of intelligence in the
natural lives of animals because most of the procedures used to estimate intelligence in
animals have extremely low ecological validity (cf. Deaner et al. 2006). We hope that

the procedures supplied here for identifying innovations in the field will prove insightful
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in understanding the character, function, and evolution of intelligence in a wide range of

taxa.

3. Innovation Defined

The term ‘innovation’ is used in multiple ways: It can refer to products, such as
tools or behaviors, or to the processes by which these products are created (Reader &
Laland 2003b). Innovation can be considered at the level of the individual or at higher
levels, such as a group, population, or species. In order to operationalize innovation
and show how innovations can be detected in the wild, we require a concept of
innovation that is connected to higher-level patterns. To do this, we must clearly
distinguish the process of innovation from the product created by this process. Building
on recent attempts to define innovation (e.g., Laland & Reader 2003b), we draw a sharp
distinction between what innovation is and how we recognize it in practice (its epistemic or
operational definition). To avoid conflating the concept of innovation and its
operationalization, we will first focus on innovation in the sense of the individual-level
process, because this forms the foundation for innovations as products. We will later
turn to the question of how to operationalize innovation.

We define innovation (sensu process) as follows: Innovation is the process that
generates in an individual a novel learned behavior that is not simply a consequence of social
learning or environmental induction. A behavior is novel for an individual if it has never
before been exhibited by that individual. Thus, an individual’s behavior can be novel even
if others in the population have previously exhibited the behavior. In the
operationalization section we discuss the problem of determining when a behavior
should be considered novel. Below we discuss what we mean by learned behaviors and
support our claim that innovations must be learned. We then turn to the problem of

distinguishing innovations from behavior due to environmental induction or social
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learning. The three subsets of novel learned behavior—innovation, environmental
induction, and social learning—are not meant to be discrete and mutually exclusive, but
instead represent endpoints on a continuum, as illustrated in Figure 2. As a result, where
the line is drawn between innovative and non-innovative behavior will always be to
some extent arbitrary, but explicit and consistently applied criteria will make it possible

to compare populations and species.
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Figure 2. Innovation, Social Learning, and Environmental Induction.

Other authors have developed definitions similar to ours, although they do not
always use the term innovation (see Table 1). ‘Emergents’, as defined by Rumbaugh,
Washburn, & Hillix (1996) (see also Rumbaugh and Washburn 2003), are innovations, as
are the ‘acquired specializations’ described by van Schaik & Pradhan (2003).
Additionally, many tests of cognitive abilities of animals use the presence of innovations
(new solutions to problems posed by the experimenter) as the yardstick of intelligence or

cognitive abilities (e.g. Byrne 1995; Yoerg 2001; Johnson et al. 2002). For Kummer and
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Goodall (1985, p. 205), “[a]n innovation can be either a solution to a novel problem or a
novel solution to an old one...” where “novel” is population-level novelty. This
definition of innovation is similar to that of Reader and Laland (2003b), except that
Reader and Laland insist that the novelty is learned. We agree with Reader and Laland
that innovations must be learned, but tying the definition to population-level novelty
may hinder the effective estimation of innovation repertoires and make the recognition of

innovation unduly dependent on population size.
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Table 1. A list of key definitions of ‘innovation” and related terms.

Term Used

Authors

Definition

Innovation

Ramsey, Bastian, and
van Schaik

(Primary definition)

The process that generates in an individual a
novel learned behavior that is not simply a
consequence of social learning or environmental

induction.

Innovation

Ramsey, Bastian, and
van Schaik

(Secondary definition)

Repertoire modification involving the addition of a
new behavior, or the modification of an old one,
underdetermined by maturation, the environment,

and the behavior of conspecifics.

Innovation

Kummer and Goodall
(1985, p. 205)

“a solution to a novel problem or a novel solution

to an old one”

Innovation

Laland and Reader
(2003b, p. 14)

“a process that results in new or modified learned
behaviour and that introduces novel behavioural

variants into a population’s repertoire.”

Innovation

Rogers (1983, p. 11)

(Human innovation)

“an idea, practice, or object that is perceived as

new by an individual or other unit of adoption”

Acquired

Specializations

van Schaik and Pradhan

(2003, p. 646)

“behaviors that do not develop reliably as a result
of the interaction between innate predispositions

and environmental affordances”

Emergents

Rumbaugh, Washburn,
and Hillix (1996, p. 61)

“new competencies and/or new patterns of
responding that were never specifically reinforced

by operations of the experimenter”
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Invention is often distinguished from innovation (Simonton 2003; Janik & Slater
2000; Slater & Lachlan 2003). One way of making this distinction is to define an
invention as “a behavior pattern that is totally novel, not obviously derived from one
that an animal has been exposed to,” whereas innovations are “new behavior patterns
derived by modifications of previous ones” (Slater and Lachlan 2003, p. 117).
Alternatively, one might make the distinction by defining inventions as the creation of
new ends, whereas innovations are simply novel ways of obtaining the same end. A
problem with both ways of drawing the distinction is that it renders invention and
innovation discrete, mutually exclusive categories. Because we feel inventions do not
differ in kind from innovations, inventions are perhaps best considered to be a subset of
innovation. Specifically, inventions can be seen as innovations that are near the pinnacle
of the triangle represented by Figure 2. Relative to other innovations, inventions tend to
be more rare, more novel, and involve more cognition. At the other end of the innovation
gradient are weak innovations (see Figure 2). Weak innovations are behaviors that are
partially (but not fully) accounted for by social learning or environmental induction. We

will return to the question of the cognitive basis for innovation in the discussion.

3.1 Learning

There are two central meanings of the term ‘learn’. It can mean not due to
development or maturation and it can mean modifying the (brain of the) organism so that it
behaves differently in the future. Accordingly, there are two reasons that our definition of
innovation includes the restriction that innovations must be learned, which correspond
to these two meanings of ‘learn’. The first reason is that we wish to exclude novelty that
is simply due to maturation. We acknowledge that the innate-acquired distinction

represents a false dichotomy: Behaviors are never simply due to maturation (innate) or
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learning (acquired). Rather, behaviors exist along a continuum in which the influence of
internal (genetic) or external inputs varies in strength. Accordingly, ethologists have
traditionally recognized a predictability gradient of learning outcomes (e.g. Hinde 1970;
Eibl-Eibesfeldt 1975), and this gradient is of great use in delineating innovation.

At one extreme, we find highly prepared learning that leads consistently to novel
behaviors upon exposure to stimuli, and generally does not rely on elaborate cognitive
processes (Garcia & Koelling 1966). This extreme includes phenomena such as
habituation, imprinting, and some operant conditioning. At the other extreme, the
outcomes of learning are far more open-ended: The relevant external factors (stimulus
configurations) and internal factors (cognitive abilities, history of exposure) are highly
variable, and the specific outcomes therefore bound to be less common. Insight learning
provides the best example of this extreme. It is facilitated by behaviors such as
exploration (sometimes referred to as latent learning) and predispositions such as
neophilia, curiosity, and creativity. In sum, maturation is close to the predictable
extreme of the learning gradient, whereas innovation is the kind of learned behavior
found at the less predictable extreme of the gradient. This does not mean that
innovations are necessarily cognitively complex. Perry and Manson (2003), for example,
describe rather simple behaviors in white-faced capuchins—such as hand sniffing and
body part sucking—that bear the hallmark of innovations.

The second reason for insisting that innovations are learned is that we wish to
exclude novelty that is merely improvisational or accidental and, therefore, has little
bearing on the future behavior of the individual. An improvisation (following Slater and
Lachlan 2003) is a novel behavior that fits all of the criteria of being an innovation
except that it is not learned by the individual, i.e., the occurrence of this behavior does
not affect the probability of its reoccurrence. An accident (sensu process) is another

source of novel behavior, one that arises unintentionally. Because the intentions of
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animals are often unknown, the distinction between improvisations and accidents will
be difficult to make, especially in the field. For our purposes, however, this is not
important, since the salient distinction is between innovations and the set of
improvisations plus accidents rather than between improvisations and accidents. Both
accidents and improvisations can lead to innovations if the individual learns from the
accident or improvisation (e.g., trial-and-error learning can occur in this way). However,
as also argued by Reader and Laland (2003b), if no learning occurs, the behavior, though
novel, should not be considered an innovation. For example, if a chimpanzee is observed
eating a fruit that it has never previously consumed, then this behavior may be an
innovation or an improvisation/ accident. How are we to distinguish between these
possibilities? If after the initial consumption of the fruit the chimp does not have an
increased or decreased probability of eating the fruit (e.g., going out of its way to eat it
again or to avoid eating it again), it is not an innovation. If the chimp subsequently
habitually goes out of its way to eat the fruit, then eating the fruit is an innovation. If it
subsequently avoids a fruit, then it has also innovated, the innovation being one of
avoidance. (These avoidance innovations will be virtually impossible to detect in the

field.)

3.2 Innovations as products

In addition to defining the process of innovation, we need a definition of
innovation sensu product in order to operationalize innovation: An innovation (sensu
product) is any learned behavioral variant created through the process of innovation. It may
seem redundant to include ‘learned’ in this definition, since learning is already a part of
the definition of the process of innovation. But we do so to exclude behaviors that arose
through the process of innovation (and thus were at one time learned) but have, over

evolutionary time, become innate. (By ‘innate” we mean expected of all individuals and
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not due to social learning.) The Baldwin effect (Baldwin 1896) can transform
innovations into innate behaviors in the following way: First, a new behavioral
phenotype is created through the process of innovation. This innovation increases fitness
and spreads through the population. Although the origin and spread of the innovation
are not due to genetic variation, when and how fast individuals learn the behavior, how
much exposure to conspecific models is needed, and how well they are able to perform
the behavior, are variable. Assuming that there are no countervailing effects, individuals
will be selected for exhibiting the behavior early and with little exposure to models.
Individuals that exhibit the behavior without exposure to any models will be favored by
selection over those that require learning from conspecifics. Thus, after many
generations, what began as a socially transmitted innovation can eventually become
innate. (See West-Eberhard 2003 for an excellent discussion of the role of phenotypic
plasticity in evolution.) To what extent this process is realized in nature is an interesting
empirical question (see Tebbich et al. 2001; Kenward et al. 2005), but for our purpose,

these Baldwinized behaviors are excluded from the definitions and analyses.

3.3 Other subsets of novel learned behaviors

Innovations constitute one subset of novel learned behavior (Figure 2). How are
we to distinguish innovations from the other sources of novel learned behavior:
environmental induction and social learning? A novel learned behavior is
environmentally induced if, given an environmental change or novel environmental
element, it emerges reliably in all or most individuals exposed to the environmental
stimulus. In other words, the presence of the behavior is consistently linked to the
presence or absence of some environmental factor. However, the presence of such a link
in wild animals is in itself not enough to decide that a particular behavior pattern is not

an innovation. Consider stone handling in Japanese macaques. It is a “behavioral
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propensity associated with provisioning and a sedentary lifestyle” (Huffman & Hirata
2003, p. 287). However, because it took years for it to emerge in single individuals in
some, but not all, provisioned populations, stone handling qualifies as an innovation.

Socially mediated learning (social learning for short) refers to learning by an
individual resulting in part from paying attention to the behavior, or to the effect of the
behavior, of a conspecific (Box 1984). Social learning may involve attention to a
location (due to the presence of a conspecific), an object (which is being or has been
manipulated by a conspecific), or the actual behavior of the conspecific (Giraldeau
1997). Multiple psychological mechanisms are implicated in social learning; these may
or may not involve observation and replication of motor acts (e.g., Caldwell & Whiten
2002). A novel behavior is socially learned if it emerges after and because of exposure
to conspecifics or their effects on the environment.

While the individual, process-based definition of innovation excludes social
learning as a source of innovation, many novel behaviors that arise through innovation
may eventually be socially transmitted. Indeed, evidence that a behavior is acquired
through social learning is often an indication that the behavior originated in the
population through the process of innovation (see the following section for clarification).
Thus, innovations (sensu product) can be acquired by individuals either through
individual learning or by social learning.

An innovation, however, is not necessarily socially transmissible. This is because
the social structure or cognitive makeup of the species, or the context in which the
innovative behavior occurs, might not allow innovations to be passed on. Innovations
thus fall into two classes: (1) Socially transmissible innovations — innovations maintained
(or maintainable) through social transmission. (The subset of socially transmissible
innovations that have been transmitted to at least one other individual we call cultural

innovations.) (2) Personal innovations — defined here as innovations generated by
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individuals but not socially transmissible. Personal innovations have also been called
idiosyncratic innovations (e.g., McGrew 2004). We prefer our term because ‘idiosyncratic
innovations’ seems to imply that the innovation is unique at the population level. This
precludes the possibility of multiple individuals independently producing the same non-
socially transmissible innovation.

We will now elucidate the concept of innovation with a hypothetical example.

3.4 A hypothetical example of innovation

Consider a chimpanzee population in an environment that includes a number of
nut-producing trees (cf. Boesch & Boesch 1981; Matsuzawa 1994). One species, Dura
laboriosa, produces hard nuts that require being smashed open prior to consumption. The
chimps in the population invariably use readily available branches to smash the nuts
and have done so for many generations. One chimp, Eureka, begins to use a readily
available stone instead of a branch to break the nuts. This method of nut breaking
becomes habitual for Eureka. Subsequently, other chimpanzees that observe Eureka
while she breaks the nuts with a stone begin to break nuts with stones themselves. After
several generations the entire chimp population has switched to stones as the tool for
breaking D. laboriosa nuts.

Are we justified in claiming that Eureka actually innovated? The positive
criterion in our definition requires that the behavior is both novel and learned. The
behavior is obviously novel for Eureka, since she had never previously exhibited it. It is
also learned, since Eureka’s use of the stone was not expected and after her initial use of
the stone the probability of its use increased dramatically. The negative criterion—that
the behavior was not due to social learning—is also met, since there were no models
from which Eureka could have learned her behavior. Her behavior was not

environmentally induced, since there was no environmental change that accompanied
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and explained Eureka’s initial production of the behavior. The stones did not, for
example, suddenly become abundant near the trees.

If this example were modified in the following ways we would no longer hold
that Eureka innovated: If Eureka had happened upon another female belonging to a
neighboring community in which the use of stone tools is quite common, and if Eureka
acquired the same behavior (using stones as tools to break nuts) through social learning
from this female, then the behavior clearly did not arise in Eureka via the process of
innovation. Consider another scenario: A community using branches to crack nuts was
displaced by a forest fire and went through a phase where no branches were available to
crack the nuts. During this phase stones were available and Eureka, along with most
others, picked up this new habit of using stones. This new behavior, we would argue,
was environmentally induced. It is conceivable that the community might continue using
stones after returning to their previous environment replete with both branches and
stones. Thus an environmentally induced behavior can subsequently be socially
maintained and become an entrenched tradition.

These examples show how our individual-level process definition of innovation
can connect to higher-level patterns. However, because in the wild we rarely have the
kind of knowledge offered by these hypothetical examples, we need a method of
distinguishing innovative behaviors without full knowledge of the circumstances of their
origination. In the operationalization section below we propose a procedure for deciding
whether a behavior should be considered an innovation based on the kind of partial
knowledge a field biologist might possess. Before we turn to the operationalization
section, we will introduce an alternative way of identifying innovation—based on the
notion of the behavioral repertoire—that will help clarify the distinction we have drawn

between innovative, improvisational, and environmentally induced behavior.
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3.5 Repertoire flexibility and behavioral flexibility

Organisms can be behaviorally flexible at two levels. They can exhibit flexibility
at the level of their behavioral repertoire or flexibility of the behaviors themselves.
Flexibility at the repertoire level occurs when an organism'’s repertoire is modified by
either adding or expunging a behavior or when it modifies one of the existing behaviors
in its repertoire. The addition of the stone hammering behavior counts as a change in
Eureka’s repertoire—such a change is an example of repertoire flexibility.

By flexibility at the level of behavior we mean something quite different. A
behavior can be inflexible, where each stage of the behavior follows the previous one in a
stereotyped sequence, as in the classic fixed action pattern of ethology (e.g., Eibl-
Eibesfeldt 1975). Alternatively, the behaviors can be flexible—they can be contingent
upon and modified by the context in which they are executed. Thus, inflexible behavior
involves a cascade of events in which the end is determined by the beginning. Flexible
behavior, on the other hand, involves a branching sequence, where the end is determined
by the beginning plus the inputs along the way. If Eureka gives each nut—regardless of
size or form—a single hit when she uses her stone to smash nuts, her hammering would
be inflexible. If, on the other hand, she inspected the nut before smashing it and smashed
the large or thick-hulled nuts with greater force or more repetitions, her nut smashing
behavior would be flexible.

These levels are independent: An organism can have a fixed repertoire, where the
behaviors in the repertoire are flexible. Similarly, an organism can have a flexible
repertoire—it can add, subtract, or modify its repertoire—but have the behaviors in its
repertoire be stereotyped. For example, the chimpanzee that learns to smash nuts with
stones, but smashes in a very stereotyped fashion, is exhibiting repertoire-level flexibility

without behavior-level flexibility.
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This distinction between repertoire flexibility and behavioral flexibility is
important because innovation—as we have defined it—occurs at the level of repertoire
flexibility, not behavioral flexibility. In order for an innovation to occur, it is not
sufficient that a novel behavioral performance takes place—behavioral flexibility can do
this. What is required is that the repertoire itself is modified. An innovative organism,
then, is one that has a propensity to modify its behavioral repertoire. Recall that we
defined improvisation as the production of unlearned novelty that is not socially learned
or environmentally induced. An improvisational organism, then, is one that has a
propensity to behave flexibly. Improvisation is flexibility at the level of behavior, not
repertoire. An improvisational organism may or may not be innovative and an
innovative organism may or may not be improvisational—each involves flexibility at a
different level. It may be that the innovative and improvisational propensities are
correlated in nature—organisms that are improvisational may be more likely to be
innovative. This is an interesting empirical point well worth investigating. But the point
here is that there need not be a link: It is at least conceptually possible for an organism
to be improvisational without being innovative and vise-versa.

The modification of a behavioral repertoire is necessary for innovation to occur,
but is it sufficient? No, repertoires can be modified in such a way that the modification
is a response to, and determined by, the environment: Given some novel environmental
element, the novel behavior is expected of all or most individuals of that type. This is
what we have labeled “environmentally induced novel behavior.” Thus environmental
induction is repertoire modification that is environmentally determined. (Recall the
example of the chimps being forced by the fire to employ stones to break nuts.)
Similarly, a repertoire can be modified in a predictable way by other individuals through

social learning. Innovation thus involves repertoire modification that is underdetermined
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by the environment and the behavior of conspecifics. Note that by claiming that
innovation cannot be determined by the environment, we are not asserting that
environmental change cannot spur innovation. In fact, we recognize that many
innovations involve (often anthropogenic) environmental novelty. See also the baboon
example in §4.2.1.

Repertoires can be predictably modified by the environment (environmental
induction) or conspecifics (social learning), but they can also change in a predictable
way due to maturation. Mating behavior, for example, can be absent from the young but
present in the mature. (Again, this mating behavior may or may not be flexible—this is
independent of the question of whether the repertoire itself is flexible.) Repertoire
modification merely due to maturation is not considered innovation. Furthermore, a
simple loss of a behavior from an individual’s repertoire does not constitute an
innovation. Innovation, then, is repertoire modification involving the addition of a new
behavior, or the modification of an old one, underdetermined by maturation, the environment,
and the behavior of conspecifics. As in the previous definition, “new” is new for the
individual, not (necessarily) the population or species. This definition is an alternative
to the definition we proposed toward the beginning of §3. We feel these two ways of
defining innovation are equivalent: all behaviors classified as innovations by one
definition should be classified as innovations by the other.

This underdetermined modification of behavioral repertoires is an individual-
level phenomenon. This is what distinguishes it from the definition of innovation
proposed by Laland and Reader (2003b). Their definition is contingent upon the
repertoires of other individuals in the population, making innovation require population-
level novelty. We think that this way of defining innovation is too restrictive. Just as in
the case of humans, where an individual can innovate even if another in the population

already came up with the same innovation, so in animals we feel that whether or not an
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innovation occurs is independent of whether others in the species or population

previously or currently exhibit the innovation.

4. Operationalization

To say that a behavior is an innovation is to make a claim about its origin. But
when we are conducting an observational study of an animal population, what we
observe is a variety of behaviors exhibited in a diversity of contexts. The challenge we
face is to design a procedure that indicates the likely origin of a behavior even if its
inception has not been directly observed. We will do this by distilling a number of

features that are characteristic of innovative behaviors.

4.1 The operationalization of culture

Before laying out our operationalization of innovation, we should point out that
there are preexisting methods for operationalizing culture in the wild. Because of the link
between innovation and culture, we borrow some of these methods in our own
operationalization of innovation. The most commonly used operational definition of
culture in the wild - the geographic method - is that culture involves behaviors that are
common (customary or habitual) in at least one site, but are absent in at least one other
site, without concomitant genetic or environmental differences among these sites
(McGrew & Tutin 1978; Whiten et al. 1999; van Schaik 2003). This approach has been
used by researchers to infer the presence of cultural behavioral variants in a variety of
species (bonobos: Hohmann and Fruth 2003; capuchins: Perry et al. 2003; cetaceans:
Rendell and Whitehead 2001; chimpanzees: Whiten et al. 1999, 2001; orangutans: van
Schaik et al. 2003a). Ironically, these studies did not specify whether or not the
candidate behavior patterns they investigated were innovations, even though they

should all be.
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The geographic method’s main aim is to reduce the identification of false
positives (type I errors), assuming it is applied stringently (cf. Galef 2003; van Schaik
2003; van Schaik in press; but see Laland & Janik 2006). However, it may be overly
conservative and generate false negatives (type Il errors) because it cannot recognize
three classes of cultural behaviors: (1) cultural universals, i.e., behavior patterns that are
exhibited among all members of at least one age class in every observed population, the
presence of which cannot be explained by maturation or environmental induction alone;
(2) cultural variants that correlate with ecological or genetic differences across sites; and
(3) cultural variants that for some reason are limited to small subsets within
populations. The geographic method is therefore very useful to demonstrate the
presence of culture (by minimizing the risk of false positives), but not optimal for
estimating the local repertoire of cultural variants, i.e., culture’s prevalence — for the

latter, the total number of false positives plus false negatives needs to be minimized.

We believe that almost all behavior patterns that satisfy the geographic method,
provided it is applied stringently, are innovations, because there are no plausible
alternative ways of explaining the distribution within and across sites. However, because
it may fail to recognize many other behaviors as innovations, we need additional criteria

for identifying innovations.

4.2 Recognizing innovations in the field

There are two basic approaches to recognizing innovations in wild populations.
First, we can record changes in the occurrence of the behavior over time, which requires a
long-term field study (or data from several field studies of the same population at
different times). This is the traditional approach, and we will discuss it below. Second,

we can infer whether a particular behavior is an innovation based on (1) its geographic
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and local prevalence and individual frequency (see previous section) and (2) properties
of the behavior, such as the social role of the behavior, the context in which the behavior
is exhibited, and its similarity to other behaviors. This second approach allows us to
use data from cross-sectional field studies. The validity of its inferences can be checked
using knowledge of spontaneous or experimentally induced behavior in captivity. We
will discuss these two approaches in turn and then combine them to develop a decision

procedure (see § 4.4) for classifying behaviors as innovations.

4.2.1 Documenting Origins

The first observed instances of a behavior in a population under long-term study
in field conditions may indicate that the behavior is novel and thus potentially an
innovation —essentially the definition by Reader and Laland (2003) discussed in §1.
There are two sets of conditions in which this may occur. First, a behavior might arise in
an environment that was stable during the observation period. If the observers have
strong reasons to believe that a behavior did not arise as a result of a long-term
endogenous cycle, and if after the first appearance of the behavior it reoccurred with
some regularity, it is probably an innovation.

Second, a novel behavior can arise in accordance with some change in the
environment. Often, these changes are human-induced, and many of the best-known
cases are of this kind: sweet-potato washing and wheat sluicing by Japanese macaques
(Kawamura 1959) or pecking through aluminum bottle caps to get to cream by blue tits
(Hinde and Fisher 1951). In such cases, the rate at which the behavior emerges can help
to distinguish between innovations in response to novel environmental factors and
environmentally induced novel behaviors. If the novel behaviors are environmentally
induced, we expect many of the individuals exposed to the novel environmental element

to begin exhibiting the behavior more or less simultaneously. In contrast, innovations
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tend to arise more rarely and the number of individuals exhibiting the behavior tends to
rise more slowly because the spread depends at least in part on social learning.

It is possible for an individual to innovate using a novel environmental factor or a
preexisting novel factor that has changed in context or frequency. For instance, some
savanna baboons in Amboseli, Kenya began to squeeze and drink fluids from elephant
dung in the late 1980s (Susan Alberts and Jeanne Altmann, pers. com.). This is a very
conspicuous behavior, yet had never been observed during many years of systematic,
extensive observations of the same population, indeed many of the same individuals. It
is of course possible that an ecological change such as an increased presence of
elephants or the gradual desiccation of the habitat was causally related to the
appearance of the behavior. However, elephant dung had been around for a very long
time, and was in fact foraged on for seeds (Altmann 1998), yet had never been exploited
for its moisture. Thus, if the behavior is conspicuous and if observations have continued
for long enough (or comparisons with other nearby well-studied sites are possible) to
exclude some annual or hyperannual cycle, then first recorded instances of behaviors can
be used as indications of innovation. However, most cases may be more ambiguous (cf.
Hauser 1988). When the difference between environmentally induced novel behaviors
and innovations is not easy to discern, then additional information may be needed to
decide whether innovation has occurred.

In the case of obvious environmental change, criteria needed to decide between
environmentally incduced novel behavior and innovation are: (1) rarity, i.e. delay
between environmental change and adoption of the behavior: the shorter the more likely
it is that the novel behavior was environmentally induced; (2) rate of spread, from very
fast to very slow: the more rapid the spread, the more likely all individuals adopted the
behavior independently (cf. Reader 2004), and (3) presence of indicators for social

learning: if the path of spread in the group closely corresponds to patterns of watching,
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this suggests spread through social learning (cf. Henrich 2001). The more these criteria
point in the same direction, the more likely the conclusion is correct.

In the case of stable environments, criteria can be (1) rare emergence (if its
rareness is not correlated with environmental factors or with social position, then it is
likely to be an innovation); and (2) presence of indicators for social learning (as above).
There are, of course, degrees of rareness. The gradient from moderately rare to extremely
rare correlates with the gradient from weak innovations to inventions — inventions tend
to be rare, while weak innovations tend to be common or, if rare, are rare due to
environmental factors or social position. The line used to decide how rare the emergence
of a behavior has to be in order for it to be considered an innovation is a function of
species-specific traits such as average life span, amount of exploration, and degree of

sociality.

4.2.2 Inferring innovations from prevalence and properties

As suggested by the field study of culture, having a snapshot of the distribution
of a behavior within and between populations can help to decide whether a behavior
qualifies as an innovation. We distinguish between geographic prevalence, a measure of
the proportion of populations in which the behavior is recorded; local prevalence, the
proportion of individuals in one site for which the behavior is recorded; and individual
rate, the rate at which those individuals that possess the behavior perform it. Prevalence
values can conveniently be expressed as proportions or percentages, whereas individual
rates are expressed as number of occurrences per unit time.

As we suggested above, the relative values of these variables can be informative.
If the behavior’s geographic and local prevalence are both high (i.e., it occurs among most
individuals in most populations), it is unlikely to be an innovation, unless other

considerations suggest otherwise (see below). However, if the behavior has low
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geographic prevalence but high local prevalence, and if presence and absence are not
correlated with clear-cut genetic or environmental differences, then the behavior is
almost certainly an innovation. Finally, if the behavior occurs patchily (i.e., both
geographic and local prevalence are low), the distribution may still reflect a history of
innovation, but it will now be more difficult to demonstrate that there are not underlying
environmental or genetic differences that explain the behavioral differences.

If natural environments were homogeneous or, if in a heterogeneous environment
all of the heterogeneous factors were so fine-grained that all of the individuals were
expected to encounter them with the same frequency (Levins 1968), then a novel
behavior that arises in an individual that is not explainable by a difference in
environment or genes can confidently be considered an innovation. Natural
environments, however, exhibit environmental elements in varying degrees of
heterogeneity and rarity. Because of this, some behaviors that appear to be innovations
because of their patchy occurrence will not, in fact, be innovations. Careful analysis is
required to rule out the possibility that the appearance of a behavior may be the result of
an individual encountering a rare environmental element or an unusual juxtaposition of
environmental elements.

To decide whether a particular behavior that the geographic method suggests is
an innovation actually is an innovation, consideration of their properties can be a
powerful tool, especially if the behavior is rare. The following is a list of the most salient

properties of behaviors that can be used to make this decision.

B Similarity to other behaviors: If a rare behavior is morphologically very different
from all other behaviors (i.e., is composed of unusual motor acts or a highly
unusual combination of motor acts), then the behavior is likely to be an

innovation. For instance, when an orangutan female bites into the bottom of a
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pitcher plant it holds up and drinks the fluid it contains, the combination of
motor acts involved is unusual enough to suggest it is an innovation, especially if

the behavior is also rare.

Individual attributes (status, age, sex, reproductive state, etc.): To determine whether
a behavior is an innovation, it will be important to know the attributes of the
individuals exhibiting the behavior. For example, if a behavior is rare, it will be
important to know the status of the individuals exhibiting the behavior: A
behavior might be rare overall, but might be ubiquitous among, and thus a
characteristic of, high-ranking individuals (e.g., a particular display). At any
moment in time only a single individual in the population shows this display, but
every individual that comes to occupy this position will exhibit it predictably.
This would make the behavior less likely to be an innovation than if rare but not
correlated with social position. Similarly, a behavior that is rare in the
population as a whole but common among pregnant females (e.g., geophagy), is
less likely to be an innovation than if it were not correlated with pregnant
females. Usually, both extensive data and a good knowledge of the species’

natural history are required to recognize these correlates.

Context: The context in which a behavior is functional may be rare, and
accordingly the behavior will be rare. But if it is not recognized as such, an
observer may conclude that the behavior is an innovation. A recently published
example can serve to illustrate this point. Morand-Ferron et al. (2004) show that a
behavior of Carib grackles (Quiscalus lugubris) that is rare in the wild and is

morphologically different from other behaviors—dunking: dipping food in water
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prior to consumption—is nonetheless not an innovation. They conclude that the
behavior is rare in the wild because of the risk of kleptoparasitism, and thus is
only beneficial when performed in certain uncommon situations, i.e., when there
are no conspecifics close enough to steal the food. In this case, that fact that
similar behavior is seen in many related species also supports the claim that
dunking is not an innovation. Again, a thorough knowledge of the species’

natural history is required to recognize the impact of context.

Fitness impact: If a behavior is universal (among all individuals or all individuals
of a specific social position) and has a large positive fitness impact, we expect
that it has at least some genetic component, since even if the behavior was
initially purely cultural, it is likely that it evolved toward having an innate
component (through the Baldwin effect: Baldwin 1896). Thus, if all individuals
in an arboreal species sway a tree by shifting their center of gravity in subtle
ways and thus make the tree bend over and connect to an adjacent tree (as in
orangutans), we do not assume that this behavior is an innovation. This is a very
important qualifier to the above criteria. Some behaviors may be morphologically
quite distinct from the rest of the repertoire, and can be ubiquitous in the part of
the species’ range, though not universal in the entire range. If this behavior has an
obvious impact on fitness, this reduces the likelihood that it represents an
innovation. This, of course, does not mean that no behaviors with a large fitness
impact are innovations. Nut cracking of chimpanzees can be very important for
their survival, yet most likely represents an innovation (or series of innovations),

as suggested by other criteria.
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4.3 Comparisons with captive behavior

Comparisons with spontaneous or experimentally induced behavior in captivity
can also be very useful for deciding whether or not a particular behavior observed in the
field represents an innovation. Many behaviors may seem like innovations but can be
revealed to reliably emerge during ontogeny in the proper environmental context because
of strong behavioral predispositions that act upon ecological affordances (Tebbich et al.
2001; Kenward et al. 2005; Huffman & Hirata 2003). These behaviors are therefore
induced or even partly instinctive; however, it is still true that the presence of role
models speeds up their acquisition (Kenward et al. 2006).

As an example, consider the case of orangutans covering the head with objects
such as large leaves. This behavior is commonly observed in nature. Because it is also
commonly seen in captivity with burlap bags and various other materials (Jantschke
1972), the most parsimonious interpretation is that head-covering is a behavior that is
easily induced in orangutans by the presence of proper materials and that it is near-
instinctive, despite the appearance of being an unusual behavior (in that it involves tool
use). If a behavior has a low incidence in captivity, it is more likely to be an innovation.
The comparison with captive animals is facilitated by a large literature on behavior in
z00s (e.g. Jantschke 1972 on orangutans; Parker et al. 1999 on gorillas).

An experimental approach can be used to help decide whether a behavior
observed among wild individuals qualifies as an innovation (e.g., Boesch 1996; Morand-
Ferron et al. 2004). If the behavior is an innovation that occurs in response to a
particular stimulus, creating the same stimulus configuration in captivity will not reliably
or rapidly yield the behavior in question. For example, if we offer an orangutan some
trunks with honey-bearing holes as well as branches from which extraction tools can be

fashioned, we can examine the degree to which using branch tools to extract honey from
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tree holes is innovative (cf. van Schaik et al. 1996; Fox et al. 1999). A problem that such
work will have to address, however, is that captive conditions may call forth
innovations as well, and that any species is likely to produce a limited set of
innovations (cf. Huffman & Hirata 2003). To sort out this problem, comparisons across

multiple captive facilities are needed.

4.4 A dichotomous key for identifying innovations

The key in Figure 3 can be used for determining whether behaviors are
innovations. This key synthesizes all of the classes of data discussed above that can be
used to identify innovations: changes in the occurrence of the behavior over time
(requiring a long-term field study or data from several field studies of the same
population at different times), the behavior’s geographic and local prevalence and
individual frequency, and properties of the behavior, such as the social role of the
behavior, the context in which the behavior is exhibited, and its similarity to other
behaviors. This key uses the same positive criteria as Reader and Laland (2003b): If
there are long-term data and the origin of the behavior was observed, then one can be
confidant that the behavior is an innovation. We avoid the problems with their
approach by denying the converse of this inference: If the behavior is an innovation, there is
long-term data and the origin of the behavior was observed. Instead, if the origin of the
behavior was not observed, it is still possible to classify the behavior as an innovation
based on other criteria described above.

This key can distinguish innovations from non-innovations regardless of whether
any social learning was observed and regardless of whether the first occurrence (in the
population or species) of the behavior was observed. In the event that the first
occurrence of the behavior was observed (3), there are four cases (5, 10, 11, and 12) in

which, if we can eliminate social learning, we can say with some confidence that
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individuals that were first observed exhibiting the innovation were the ones that
innovated. There are thus the four cases in which innovation sensu process is identified. In
the remainder of the cases that identify a behavior as an innovation, the behavior may or
may not come about through the process of innovation in the observed individuals.

In three cases (7, 23, and 46) we refer to a “special subclass” of individuals. By
this we mean a portion of the population that is relatively homogeneous, but distinct
from the rest of the group. For example, high-ranking males or pregnant females could
count as special subclass. A behavior might be rare overall, but might be habitual among
individuals of that subclass. Because rareness is a factor in identifying innovations, it is
rareness within the subclass that is important, not overall rareness.

The capital letters following the prognosis (probably an innovation or probably not
an innovation) correspond to the list of corroborating evidence following the key. Once
the behavior is keyed out, this list of corroborating evidence should be consulted to add
support to the prognosis. The more the listed corroborating evidence accords with the
data, the higher the probability is of the truth of the prognosis. The key assumes that the
behaviors are not improvisations or accidents (i.e., individuals that exhibit the behavior
exhibit it with some regularity).

By long term (1) we mean longer than the mean latency of the behaviors. Thus,
what counts as long term will be a function of the species’ characteristics. If the
observations are long term, then the probability that the majority of the behaviors in the
repertoires of the individuals in the population have been observed is high. Ideally, total
observation time should exceed the typical life span of individuals of the species and
should include observations recorded during annual (or hyper-annual) cycles.

By first occurrence (2) we do not require that the observer record the very first time
that a particular behavior was exhibited. Instead, what is required is that in a

population for which long term data exist, a new behavior is seen to emerge. For
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example, in the baboon example in §4.2.1, a new behavior is observed: drinking fluids
from elephant dung. This observation counts as a “first occurrence” not because the very
first time that any individual in the population squeezed elephant dung was observed,
but because the behavior was first observed only after years of observation of the
population.

Parts of the key are less operational than others. For example we do not specify
what sort of measurements or operations one needs to perform to decide whether or not
a behavior probably bears a strong fitness impact (28 and 47). In such cases, one needs

to rely on background knowledge for how to operationalize such concepts.
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4.5 A worked example: wild orangutans

The method described here was applied to a population of wild Bornean
orangutans at Tuanan (van Schaik et al. 2006). Because observations on this population
had only recently started, we used the cross-sectional approach, made possible by
several comparative studies. Innovations were recognized based on (1) the incomplete
geographic prevalence of the behavior, (2) identified causes of its absence in a
population or an individual, and (3) non-systematic comparison with the extensive
studies of the behavior of captive orangutans and unpublished observations of the
authors. Using this procedure, we recognized 19 clear or probable innovations at Tuanan
and 43 for orangutans in general (based on absences at Tuanan but reports from other
sites), some with more confidence than others. To illustrate the use of the key (Figure 3),
we will describe two behaviors from van Schaik et al. (2006) — one we consider and
innovation and another we consider not to be an innovation — showing the path through
the key.

Tree-hole tool-use. This behavior is defined as using a tool to poke into tree holes
to obtain social insects or their products. The path followed in keying this behavior is: 1,
19, 20, 26, 40, 41, 43. Because the data are not considered long term due to the long
generation times of orangutans, we followed 19 instead of 2, which leads us directly to
20 and then to 26. Because this behavior has been observed customarily at one site, but
not at any other wild orangutan sites, we followed 40 instead of 27 and 41 instead of
44. Finally, because this behavior is only weakly correlated with known relevant
environmental factors (Fox et al. 2004), we concluded that this behavior is an innovation

(43).
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Roof on nest in rain. This behavior is defined as a cover on the nest made by
weaving together several leafy branches, which is not attached to the nest but loosely lies
on top of the animal. The path followed in keying this behavior is: 1, 19, 20, 26, 27, 28,
29. The path was the same as tree-hole tool-use through 26. Because the behavior is
common to all studied populations and probably bears a strong fitness impact, the
subsequent path was 27, 28, 29.

The results of this study of orangutan innovations is preliminary. First, we may
have underestimated the innovation repertoire: It might be that particular innovations
are systematically missed. This can happen if certain innovations are exhibited only
rarely (true negatives) during field studies of limited duration, or if they were simply
overlooked. An example of the latter may be the inclusion of certain food items in the
diet. Ape diets are very broad in rain forest conditions, and it is not clear whether food
choice is subject to innovation and social learning, although it is increasingly clear that
many feeding techniques, especially those involving tools, are (Whiten & van Schaik
2007; van Schaik in press). Similarly, vocalizations may show subtle but systematic
geographic variation dependent on social (vocal) learning. Second, we may have
overestimated the innovation repertoire. The geographic information may be incomplete
because a particular behavior pattern has not been recorded yet at some sites, giving the
false impression of patchy geographic distribution. This may happen if the ecology or
demography at these sites is subtly different, invalidating the comparison, or if
observers have simply overlooked the behavior so far. We do not know the relative
magnitude of these two opposing biases.

Assessments of innovation repertoires are also preliminary because they are
likely to vary over time. Comparisons with captive settings turn false negatives (see §
4.3) into positives (or the other way around) and new innovations may arise during the

study, or known behavioral variants may be recognized as innovations because sites are
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added in the comparisons and behaviors are absent at those new sites without
explanation.

It is impossible to “prove a null hypothesis,” so demonstrating something by
excluding all plausible alternatives is always error-prone, and some assignments are
likely to change in light of further observations. Thus, it is the overall pattern rather than
each individual item on the list that provides the most reliable information and, in this
respect, the results are encouraging since they are consistent with our knowledge of
cultural processes, such as which purported innovations are salient enough to reach
cultural status. Furthermore, the recorded distribution of innovations across domains
(subsistence, comfort, and signaling) is very similar for chimpanzees and orangutans.
These patterns suggest that we captured many innovations. Finally, it is worth repeating
that the approach is testable. Although we were lucky that orangutans are rather well
studied in captivity, more systematic comparisons with captivity provide an

independent way to verify the approach developed here.

5. Discussion

In this chapter we offered a new way of defining innovation and added a new
technique to recognize innovations in the wild. Unlike the traditional criterion of first
occurrence in a population subject to long-term study (Reader & Laland 2003a), the new
technique does not require that we witness the first instance of a novel behavior. This is
a major benefit since these instances will be rare, require long-term field studies, and will
not provide estimates of the repertoire of innovations in a population or species. Our
analysis suggests that the geographic method, as developed for operationally defining
culture in nature (which requires imperfect geographic prevalence not linked to ecological
or genetic variation), will also reliably identify innovations, especially when linked to

comparisons with observations or experiments in captivity. For behaviors that are rare
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throughout the range, additional information concerning their properties may be helpful,
but requires considerable knowledge of their natural history. Especially in the case of
rare behaviors, comparisons with captivity may be very useful to reach a decision. The
comparison with captivity can also be used to evaluate the correctness of the
classifications.

The first technique (first occurrence) and the three main criteria of the second
technique (patchy geographic distribution, properties of the behavior pattern itself, and
incidence in captivity) can be applied systematically to examine the probability that a
particular behavior is an innovation. We developed the dichotomous key presented in
Figure 3 to facilitate the decision process determining whether a particular behavior is an
innovation. It first asks whether long-term data are available then asks about the
geographic distribution. When both sources of information are lacking the probability of
reliable identification of innovations decreases. The orangutan study suggests that the
method can be applied (and is open to further validation), albeit only in species with
substantial information on the geographic distribution of behavior patterns.

Perhaps the main weakness of the new operationalization is that it requires
either data from multiple populations or long-term data from at least one population. In
the absence of such data, reliable recognition of innovations will be very difficult. This
requirement eliminates many species from consideration. In the species that remain,
there is some concern over the standardization of the quality of observations at multiple
sites, but the correctness of the classification can be evaluated by reciprocal site visits,
and by comparison with captive (or ecologically naive reintroduced) animals. We
recognize that this technique may suffer from hidden biases, but hope it is an
improvement from merely relying on first occurrence in a population under long-term
observation, and especially from relying on subjective judgments as to the novelty of the

behavior.
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5.1 Delineating behaviors

A problem that arises in any study of animal behavior is the delineation of
behaviors. In order to classify a behavior as novel, we must first be able to say when one
behavior is different from another. At a very fine grain of analysis, each performance of
a behavior represents a novel behavioral type. On the other hand, a rather coarse
analysis places quite disparate behaviors under the same rubric. (Skinner 1935 makes
the same point about the problem of individuating stimuli and responses.) The challenge
we face when conducting field studies is to find the right grain of analysis. Sometimes
this will be easy, as when the behavior is very stereotyped and not similar to any others.
It is more difficult to construct a behavioral taxonomy when the behavior is not so
stereotyped and varies in one or more ways (e.g., the various object combinations used
in chimpanzee nut cracking: Whiten et al. 1999). It is important not to allow our
preconceived taxonomies to dictate the way behaviors are classified. Rather, we should
always try to get a sense of what variation is functionally relevant to the animals.

To take an example from the orangutans, they may enhance kiss-squeaks
(sounds produced by sucking in breath through pursed lips) by kissing on the palm of a
hand, the back of a hand, the fist, a finger tip stuck into the mouth, a wrist, leaves, a
stick, or a tree trunk. Kiss-squeaks on materials like leaves, tree trunks, and sticks are
clearly morphologically different from each other and from kiss-squeaks using hands
(and this can be checked experimentally in captive animals). However, are the various
ways of making kiss-squeaks using hands sufficiently different that they should be
considered innovations? The key is to ask whether the different forms are functionally
different from the orangutan’s perspective. First, we can determine whether the animals
discriminate among these forms. If we find the different forms in different contexts,

rather than used interchangeably in single bouts of kiss-squeaking, then distinguishing
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them seems justified. A second way to examine functional similarity is to examine the
distribution across individuals. If multiple variants are all clustered in the same set of
individuals (who also use them in an apparently indiscriminate manner) but are not
used at all by others, then they are best considered a single innovation. On the other
hand, if these variants are used by different individuals in different conditions, then

they are best considered separate innovations.

5.2 Innovation and cognition

This chapter does not define innovation in terms of a particular psychological
mechanism or class of psychological mechanisms. Instead, we proposed a broad
definition of innovation, focusing general constraints, such as the fact that the behavior
must be learned and that it must be novel. This generality might be a disappointment for
some psychologists or psychology-focused biologists and anthropologists. Instead of
being a defect of our approach, we feel that this is instead a benefit. The reason is that
we leave it as an open empirical question what sort of cognitive mechanisms are required
for innovation. Questions of the following sort can (and should) be answered: What
cognitive mechanisms lead to the behavioral novelty in innovations? What proportion of
innovations come about through accidents as opposed to deliberate foresight or insight?
What we have provided is a general criterion for what something has to be for it to count
as an instance of innovation. We hope that this will bolster and spur both theoretical
and empirical research into the basis of innovative behavior.

The main constituent psychological processes of innovation are response to
novelty, exploration (the only important component in the absence of any environmental
change), and the ability to recognize a novel solution and hence repeat it. The factors
affecting these underlying processes are both external to the organism, such as food

scarcity, risk, and perhaps mobility (leading to “novelty” when one returns to a location
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after an absence), and internal, such as personality, species membership, experience
(already available cognitive skills), and age, sex, and social status (cf. Reader & Laland
2003a). Both neophilia and exploration are likely to be costly, given that both greater
neophilia and curiosity (high exploratory tendency) are found among birds that inhabit
islands and other habitats with reduced predation risk (Mettke-Hoffmann et al. 2002).

Because so many factors are involved, it may be difficult to disentangle the role
of cognition, but it is reasonable to expect that innovations may be cognitively quite
heterogeneous. However, little is known about their cognitive basis, at least in part
because we have relatively few well-studied cases of innovation. At risk of premature
generalization, it is perhaps useful to distinguish between cognitively simple and
cognitively complex innovations (Whiten and van Schaik 2007). Cognitively simple
innovations reflect behavioral flexibility and correspond more with weak innovations in
Figure 2—they may emerge as accidents or the product of trial and error, although they
must of course still be learned (see §3.1). Cognitively complex innovations reflect the
presence of causal reasoning, correspond more to inventions in Figure 2, and are brought
about by systematic exploration and more prevalent affordance learning, and practice.
These cognitively more demanding innovations never arise by accident, simply because
the motor acts involved are highly unusual, and deviate rather strongly from the rest of
the motor repertoire, or the context in which these acts are normally performed. Specific
cognitively complex innovations should arise rarely, and may require observational
forms of social learning in order to spread, because parallel origin in others due to
stimulus or local enhancement should be just as rare as the first origin, whereas
observational learning allows faithful reproduction by the observer.

Among primates, cognitively complex innovations in nature, irrespective of their
domain (physical or social), may largely be limited to great apes, who are now well-

established imitators and emulators (chimpanzees: Whiten et al. 2005; orangutans:
104



Russon & Galdikas 1995), including in the wild (Jaeggi et al., in preparation). This seems
to be the case for tool use (Whiten & van Schaik 2007) and tactical deception (Byrne &
Corp 2004). The major exception is the sophisticated stone tool use shown by capuchin
monkeys (Fragaszy et al. 2004), along with many other social innovations (Perry et al.
2003), as yet inconsistent with their relatively poor cognitive skills with respect to tool
use (Visalberghi & Limongelli 1994; Custance et al. 1999). Despite this curious
exception, cognitively complex innovations may be critically dependent on observational
learning to spread and stave off their local extinction, providing a further argument as to

why they should be limited to more intelligent species.

5.3 Innovative species

Our method is designed to classify behaviors as innovations, partly in order to
be able to determine to what extent a population or a species is innovative. If we can
estimate “innovativeness” as a species’ trait, we can test predictions about the
evolutionary or ecological consequences of being innovative, such as the relationship
between brain morphology and innovativeness (see, e.g., Lefebvre et al. 1997; Reader
2003). There are various comparisons of innovativeness based on experimental results
(see Lefebvre & Bolhuis 2003)—partly in field conditions—but it would be useful to
complement these results with patterns found in the wild.

One problem in classifying a species as innovative is that the number of
innovations present in a given population or a species is a function of both organism-
level propensities to innovate as well as the degree to which innovations are passed on
via social learning and thus maintained in the population. If we simply take the total
number of innovations recorded for the population or species, we conflate the
propensity of individuals to innovate and the propensity of innovations to be spread

and retained. Ideally, one would estimate each propensity, but field data will generally
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not allow one to make this separation. Within species, populations with better
conditions for social transmission (cf. van Schaik et al. 2003b) may therefore show larger
innovation repertoires. This will happen if rare innovations are more likely to go extinct
in less sociable populations, and might lead us to falsely conclude that more sociable
populations or species are more innovative. We see no simple solution to this problem.
However, for interspecific comparisons the pooled innovation repertoire across all sites
may be a reasonable estimate of a species’ tendency to innovate. If we can assume that
the innovations arising at different sites tend to be samples from the same limited pool
of potential innovations, the bias due to varying social transmission should decrease as
the number of populations compiled to characterize a species increases. Thus, the
estimated total number of innovations in a species’ repertoire may be an acceptable

measure.
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