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Preface

For many decades, the scientific discussion about social learning in
nonhuman animals has been dominated by two concerns: (1) whether any
nonhuman species, butapespecies in particular, possess “culture”, and (2)
which nonhuman species exhibit imitation, assumed by many to be a pre-
requisite or at the least an important support for culture. However, from
a biological point of view, these questions only narrowly address funda-
mental issues about social learning in nonhuman animals. Their link to
functional, developmental, and evolutionary questions is not obvious, for
example. We wanted to know about these latter topics, as well as more
broadly about mechanisms supporting social learning, so we set about
asking our colleagues what they thought. We got many answers that we
felt were worthy of better dissemination than they were receiving in the
literature or in the classroom. This book is the result.

This book is intended for individuals interested in understanding so-
cial learning {the common short-hand phrase for what is more precisely
called socially aided learning) in animals from a biological perspective.
We focus on one outcome of social learning, traditions, as an element
in behavioral ecology. By tradition, we mean a distinctive behavior
pattern shared by two or more individuals in a social unit, which per-
sists over time and that new practitioners acquire in part through socially
aided learning. The process of social learning does not lead inevitably
to enduring traditions, however. Ultimately, we would like to under-
stand how particular environments, social attributes, and life ways con-
tribute to the appearance and persistence of traditions in particular
taxa. Such an understanding will help us to appreciate the contribu-
tion of social learning to biology. It will also help us to appreciate
the roots of human traditions in the intersection of particular social
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propensities and ecological circumstances in the past and present of our
species.

Traditions have long been considered as one element of culture,
and the relationships among social learning, traditions, and culture in
primates have been hotly debated (e.g., Boesch and Tomasello, 1998;
Matsuzawa et al., 2001; McGrew, 1998; van Schaik, Deaner, and Merritt,
1999). Efforts to analyze traditions in nonhuman primates began with
studies of Japanese macaques but recently have focused particularly on
the great apes, and, more particularly, on a single species in one genus of
great apes (the common chimpanzee, Pan troglodytes). Collations of find-
ings across the several sites where chimpanzees have been studied for
decades have documented many instances of putative traditional behav-
iors (Boesch and Tomasello, 1998; Whiten et al., 1999, 2001). Unfortunately,
the intense focus on a single species, and on a single issue (the degree to
which chimpanzees possess “culture™), has restricted discourse about so-
cial learning in nonhuman animals in an unhealthy manner. A truly bio-
logical understanding of social learning requires broader treatment, both
taxonomically and theoretically (cf. Marler, 1996; Kamil, 1998).

The contributors to this volume broaden the playing field for discus-
sions of “culture” in nonhuman animals by considering the evidence for
traditions in nonhuman primates alongside the evidence for traditions in
two other orders of mammals (rodents and cetaceans) and one other class
of vertebrates (birds). The contributions in this volume do not focus ex-
clusively on transmission patterns within one group (the usual focus of
experimental social learning studies) nor exclusively on intraspecific vari-
ation across groups (the usual focus of observational studies in natural
settings), but rather the intersection of the two topics.

In the early chapters (Chs. 1-5) of the book, we highlight theoretical
and conceptual issues in the study of traditions, and of social learning
in general, in nonhuman species. We begin by presenting an explicitly
biological approach to the phenomenon of traditions. We lay out what
kinds of empirical evidence are necessary and sufficient to conclude that
behavioral variants within or between groups reflect social transmission
(i.e., are traditions), and we review the options for obtaining these sorts
of evidence from nonhuman animals in common research settings (in na-
ture and in the laboratory). Two contributions review general theoreti-
cal models for investigating the circumstances under which individuals
are expected to rely on social learning. The authors devote particular at-
tention to considering how these models can be operationalized to make
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specific predictions that can be tested in real-world settings: that is, set-
ting the research agenda to make use of the power of general models.
Lastly, two contributions examine the relations among relative brain size
and the distribution of reports in the peer-reviewed scientific literature
about social learning and unusual (innovative) behaviors in nonhuman
primates and in birds. In Chapters 6-14, we present empirical evidence for
within- and between-group variability that may qualify as traditions in
rodents, cetaceans, birds, and primates (Japanese macaques, orangutans,
chimpanzees, and capuchin monkeys). The contributions span laboratory
and field studies and include a wide spectrum of interests and method-
ological approaches. Three chapters concern capuchin monkeys, a genus
of special interest to the editors of this volume, and one which we believe
will be very rewarding to study in this regard. In the concluding chapter,
we highlight the shared viewpoints and findings presented by the contrib-
utors to build a picture of the state of the science in this area. Then we con-
sider how most productively to test theoretical models and point outsome
areas where we think critical thinking is needed to make headway in this
area of science. We intend that our readers will come away from this book
with a richly synthetic appreciation of social learning and of traditions as
potential outcomes of social learning. We also want our readers to appreci-
ate that traditions in nonhuman animals have important implications for
biology, including evolution and ecology. We will have succeeded if our
efforts inspire vigorous and rigorous examination and refinement of this
view of traditions.
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DOROTHY M. FRAGASZY AND SUSAN PERRY

Towards a biology of traditions

11 Introduction

One who sees things from the beginning will have the finest view of
them

ATTRIBUTED TO ARISTOTLE

In late 1997, a series of exchanges occurred on the internet bulletin
board established by Linda Fedigan a year earlier to facilitate communi-
cation among the select circle of individuals studying capuchin monkeys
(genus Cebus, in the family Cebidae of the New World monkeys). Some-
one posted a description of a strikingly odd behavior she had noticed in
her main study group of about two dozen white-faced capuchin monkeys
(C. capucinus). The behavior, a pattern of two individuals interacting in an
apparently affiliative manner, had not been described in the literature for
any other animal species. Several members of the group performed this
behavior with each other routinely over a period of seven years, and it ap-
peared a perfectly familiar aspect of their social behavior that field season,
as if they always did this odd thing (see Ch. 14, for more details about the
mystery behavior). Nevertheless, they had not done this during the first
year of the study, nor had she observed the behavior in the neighboring
group. The researcher was understandably curious whether anyone else
had ever seen anythinglike it, or had any ideas on how it might have origi-
nated orits function. A flurry of messages ensued over the next few weeks,
with several researchers confirming the first person’s suspicion that this
behavior was not a universal behavior in white-faced capuchins, and not
known at all in other species of capuchins. These respondents, moreover,
provided their own examples of odd social behaviors common in their
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groups, which they had assumed were present in other groups but were
now wondering if that assumption were premature. At the conclusion of
the on-line discussion, the correspondents were left with a tantalizing list
of potentially group-unique behaviors in the genus, and the distinct im-
pression that some of these might be traditions. As those who work with
capuchins, including the two authors of this chapter, are firmly convinced
that these monkeys are socially responsive as well as brash and intrepid
individuals, we were all intrigued by the possibility that these monkeys
might have behavioral traditions. To make such a claim publicly, and to
place the phenomenon into the biological framework we were convinced
was necessary, was obviously going to be a substantial project requiring
the ideas and efforts of many people.

1.2 More than a question of culture

Behavioral scientists have often considered social learning in nonhuman
animals as a precursor of culture as we know it in humans (e.g., Bonner,
1980). Culture has many meanings in anthropology, including belief sys-
tems, codes of conduct, and so forth, that we do not expect to exist in
nonhuman species. The only essential element of human culture poten-
tially shared with nonhuman species is the continuation of behavioral
practices across generations through social learning. Although anthro-
pologists generally agree that sharing this single domain with humans is
notasufficient basis to attribute culture to nonhuman animals (cf. Boesch
and Tomasello, 1998; McGrew, 1992, 1998), the convergence still fascinates
behavioral biologists. Early contributions suggesting a parallel between
traditions in nonhuman animals and human culture were provided by
Japanese zoologists conducting many of the first longitudinal observa-
tional studies of monkeys in natural conditions {Itani and Nishimura,
1973; Kawai, 1965; Kawamura, 1965; also see de Waal, 2001 for an overview).
These researchers were very interested in the appearance of novel behav-
iors in groups of monkeys and the fact that other individuals eventu-
ally displayed behaviors that initially had been the province of a single
“inventor”. Their term for the phenomenon was translated from Japanese
into English as “protocultural”, “precultural”, and “subcultural”; and the
debate was on. A vigorous controversy has brewed ever since over what
is necessary for a behavior pattern shared among members of a group
to be identified as “cultural”, which species might be said to “have cul-
ture”, and which learning mechanisms are necessary to claim that a par-
ticular practice qualifies as “cultural”. Discussions of social learning in
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nonhuman primates, and particularly chimpanzees, have been at the fore-
front of these controversies. The rate of discussion has now reached a
feverish pitch. A sampling of titles of publications in the last four years
alone at the time we are writing include, for example, “Cultural prima-
tology comes of age” (de Waal, 1999), “Cultures in chimpanzees” (Whiten
et al., 1999), “Charting cultural variation in chimpanzees” (Whiten et al.,
2001}, “Chimpanzee and human cultures” (Boesch and Tomasello, 1998),
“Chimps in the wild show stirrings of culture” (Vogel, 1999), “Culture
in nonhuman primates?” (McGrew, 1998), “Emergence of culture in
wild chimpanzees: education by master-apprenticeship” (Matsuzawa
et al., zoo1), “Primate culture and social learning” (Whiten, 2000), and
“Orangutan cultures and the evolution of material culture” (van Schaik
et al., 2003). The New York Times Magazine issue on 9 December 2001, in
an article entitled “The year in ideas”, included an essay “Apes have cul-
ture too”. In part, this torrent of interest is motivated by the concern that
apes are losing the battle for survival in nature; the call is out to prevent
“culturecide” as populations are decimated by human activities in their
home areas. In part it is because we are just coming to realize things about
apes that bring them ever closer, behaviorally, to the threshold that many
have set dividing humans from nonhuman relatives.

This debate, regardless of its origins or purpose, is driven largely
by anthropocentric, not biological, concerns about the meanings of cul-
ture. These anthropocentric concerns are outside the scope of our efforts
here. Rather, we are interested in traditions as features of behavior in
nonhuman animals without regard to whether these traditions meet any
particular set of criteria for nomination as “cultural”. We define traditions
as enduring behavior patterns shared among members of a group that de-
pend to a measurable degree on social contributions to individual learn-
ing, resulting in shared practices among members of a group. If there were
another, less value-laden, term than traditions to describe such behavioral
phenomena we would use that term. However, we do not have an alter-
native term at our disposal without creating a new word that would not
be understood outside of our own small readership. So long as the term
“tradition” captures best those aspects of shared practice that we are
interested in here, we shall continue to use this term.

Arguments in favor of according a special status to primates in re-
gard to social learning, and the probability that shared behaviors reflect
social influences on learning (i.e., that primates have traditions), are of-
ten rooted in a simple notion of phylogenetic association. This notion
is that species that share a more recent link with human ancestors in
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evolutionary history are likely to share with humans more elaborated so-
cial learning. Alternatively, social learning might be more important in
the lives of members of these species. However, phylogenetic association
with humans is not predictive of social learning propensities (Box and
Gibson, 1999; Fragaszy and Visalberghi, 1996). No distinctive form of so-
cial learning is unique to humans, or to humans and closely related pri-
mates (Russon et al., 1998; see also Fritz and Kotrschal, 1999; Voelkl and
Huber, 2000; Zentall, Sutton, and Sherburne, 1996). This strong state-
ment applies even to “true imitation”, according to Russon et al. (1998).
Social learning in many forms is apparently widespread in the animal
kingdom, although we have not looked for it intensively in many species.
Box and Gibson (1999) urge us to look widely for possible cases of social
learning in natural settings; many of the chapters in their book suggest
why we should look for social learning in a variety of mammalian taxa
where previously few had thought to look for such evidence. Social learn-
ing must be examined as an element in the behavioral biology of animals,
rather than as alead-up to, or incomplete version of, a (possibly) uniquely
human characteristic (Box and Gibson, 1999; de Waal, 2001; Giraldeau,
1997; Avatal and Jablonski, 2000; Laland et al., 2000).

Phylogenetic trends in the size and organization of the nervous sys-
tem are useful supports for theories about behavioral evolution. For exam-
ple, birds that store and retrieve thousands of nuts have an enlarged hip-
pocampus, a part of the brain involved in memory formation, compared
with closely related nonstoring species (Basil ez al., 1996; Krebs et al., 1989).
Relative forebrain size and absolute forebrain size both correlate posi-
tively with the number of reported instances of social learning and of be-
havioral innovations across taxa in nonhuman primates (see Reader, this
volume; Reader and Laland, 2001). Similarly, the corresponding variable
in birds (the relative size of the neostriatum and hyperstriatum ventrale)
correlates positively with the frequency of reported feeding innovations
across taxa (Lefebvre et al., 1997), although evidently not to social learning
offoraging habits (Ch. 4). Covariance between brain size and propensity to
innovate and (in primates) to develop traditions would suggest that social
learning is part of a functionally seamless whole reflecting overall neural
power inageneral sense, rather than specialized capacities for social learn-
ing or for innovation. This conclusion makes good sense if social learning
is understood as modulation of learning through social context, as we ar-
gue below, rather than a set of specific learning abilities. Big brains afford
more modulated learning.
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The extraordinarily conservative patterns of neurogenesis across broad
taxonomic mammalian groups (Finlay, Darlington, and Nicastro, 2001)
lead to the powerful conclusion that brains and behavior co-evolved in a
most general way, rather than in accord with selective pressures for spe-
cific behavioral attributes (such as enhanced social learning propensities
or propensities to innovate). In this view, we should expect behavioral
flexibility and social sophistication in many forms in any species with rel-
atively large brains, regardless of their membership in any particular taxo-
nomicorder. If Finlay et al. (2001) are correct that the size of all parts of the
brain reflect conservative growth patterns, virtually always independent
of specific selective pressures, then we should expect behavioral flexibil-
ity (afforded by a large isocortex) to be enhanced even in taxa where we
cannot identify any particular selective pressure for a certain form of flex-
ibility. Inother words, capacities supporting social learning, like all forms
oflearning, may simply come along with brain size. What use specific taxa
make of these abilities is likely to vary in accord with a constellation of eco-
logical and social variables. This is our concern in this volume. What con-
tributions to behavioral biology and to evolution might traditions confer
on those taxa where they occur, and where might traditions occur?

1.3 Thebiological significance of traditions

Our particular concern in this volume is with traditions as one out-
come of social learning. The claim is often made that humans, through
culture, are the only species whose behavior has effectively modified nat-
ural selection (for example, through agriculture or medicine). However,
a human-centered perspective on the relation between culture and bio-
logical evolution is misleadingly narrow. Species modify their environ-
ments through their behavior, a process labeled “niche construction” by
Laland et al. (20005 see also Lewontin, 1978; Odling-Smee, Laland, and
Feldman, 1996). One consequence of niche construction is that behavior
isconceptualized as more than the target of natural selection. It also mod-
ifies the environment for subsequent generations, so that now behavior is
conceptualized as participating in the process of selection. As Laland et al.
(2000 p. 135) put it, the evolutionary significance of niche construction
rests on the feedback that it generates: “In the presence of niche construc-
tion, adaptation ceases to be a one-way process, exclusively a response to
environmentally imposed problems: instead, it becomes a two-way pro-
cess, with populations of organisms setting as well as solving problems.”
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One outcome of niche construction can be a shift in the genetic make-up
of a population. A clear example of niche construction affecting regional
genetic characteristics has been described by Durham (1991): human pas-
toralist groups are able to digest lactose and can eat dairy products and
drink milk; human groups with other subsistence methods (e.g., hunter-
gatherers, agriculturalists)lack the appropriate digestive enzyme and are
lactose intolerant.

Niche construction in a very wide sense is potentially possible in all
orders of living creatures, reflecting biological processes as varied as overt
behavior (e.g., beavers constructing dams) to metabolic activity in mi-
croorganisms impacting the properties of the soil in which they live
(Pulliam, 2000). Pulliam has modeled the consequences for microorgan-
isms of altering their chemical surroundings, assuming two character
types for the organism (constructors and nonconstructors). These mod-
els show that where niche construction occurs, niche constructors will
come to dominate the population over a range of cost scenarios (where
costs are incurred by the presence of nonconstructors). In other words,
self-constructed ecosystems can over time come to be dominated by self-
maintaining, mutualistic constructors. In this way, niche-construction
processes can provide a benefit for all members of a community and can
support multilevel selection as Sober and Wilson (1998) envision it occurs.
Pulliam (2000} suggested that niche construction is an important feature
driving the evolution of species assemblages (communities) dominated by
mutualistic constructors, as observed in mutualistic communities of mi-
croorganisms living in the soil, for example.

Niche construction is more likely, in evolutionary terms, where its ef-
fects remain local, so that the benefits of niche construction are available
to the individuals paying the costs of producing the effects. Niche con-
struction is, therefore, most likely to evolve in species with certain types
of social system and settlement pattern or in certain environments where
movement is slow (Pulliam, 2000). In mobile animals, niche construction
processes are more likely in species where individuals remain near one an-
other or otherwise encounter the products of each other’s activity on a reg-
ular basis. Social learning (which occurs within groups, so that its impacts
on the environment remain local for that group) is clearly one mecha-
nism supporting niche construction and enhancing its feedback potential
in natural selection. Niche construction may produce “key innovations™
that enable a species to make use of a resource which it previously could
not use.
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Behavioral traditions are one element of constructed niches; they are
biologically significant for this fundamental reason. Traditions may sup-
port the maintenance of mundane but adaptive practices (such as using
certain travel routes) among members of a living group. They may also
result in the spread of a specific innovation, for example a new method
of processing food, inclusion of a new item in the diet, or a new means of
regulating temperature or constructing shelter. Both the continuation of
familiar practices and the dissemination of new practices are biologically
important, but the key role of behavioral innovation in speciation has
generated more interest recently on the part of (quantitative) evolutionary
modelers. Most contributors to this volume are concerned to a greater or
lesser degree with the role of social learning in generating new traditions
founded on a behavioral innovation that appears rarely in the population;
two chapters in this volume (Chs. 3 and 4) address this issue primarily.

Several other contributions in this volume concern the evidence for tra-
ditions in various mammalian taxa, and what the behaviors in question
contribute to the ecology of the groups where they are found. To most bi-
ologists, the controversies over whether or not an individual, population,
or species exhibits “culture” are of no concern, but the possibility that
traditions impact behavioral ecology, fitness, and evolution is of riveting
interest.

We consider social learning and traditions from the perspective of
ethology. Ethology is that part of biology most directly concerned with
behavior. Ethology was established as a distinct branch of biology in the
early years of the twentieth century and has matured into a vigorous field
in the intervening century. As laid out by Tinbergen (1963), ethology is
concerned with questions about behavior cast broadly in terms of cau-
sation (mechanism), ontogeny, evolution (phylogenetic history), and sur-
vival value (adaptive function). Since Tinbergen’s (1963) seminal statement
framing the scope of ethology, scientists studying the behavior of ani-
mals have recognized multiple levels of explanation as necessary for a
comprehensive biological understanding of any behavior. Moreover, ex-
planations at one level must be compatible with explanations at other
levels: the organism is an integrated whole, with an unbroken connec-
tion to its individual and phylogenetic past and to its current circum-
stances. The power of this integrative perspective is evident in the con-
temporary vigor of ethology and its ability to interface substantively with
other areas of biology (Kamil, 1998). We believe that explicitly treating so-
cial learning from this perspective will aid us in producing coordinated,
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complementary data across field and laboratory projects that will speak
powerfully to contemporary questions about social learning in all ani-
mals, including humans.

1.4 Definitions of social learning

Behavioral scientists define social learning, in its broadest meaning, as
changes in the behavior of one individual that result, in part, from pay-
ing attention to the behavior of another (Box, 1984). A broad definition
of social learning encompasses one individual learning about the world
from simply accompanying another. For example, when a naive individ-
ual accompanies its social group on travels through the home range, itcan
learn the locations of resources, and habitual paths among them, as gup-
pies (Poecilia reticulata) do (Laland and Williams, 1997, 1998). In this exam-
ple, the behavior of the others allows the “learner” to generate experiences
and encounter resources it would not otherwise; the others have by their
behavior enabled the learner to learn.

Abroad definition of social learningalso covers the acquisition of social
skills that involve direct interaction with partners. Individuals can learn
specific, and sometimes idiosyncratic, modes of interacting with others
(such as the affiliative behaviors of the kind described in Ch. 14). When the
behaviors acquired through direct interaction are typical of the species,
we describe this learning process as socialization (Box, 1984). When the
behaviors are idiosyncratic to a dyad or a group, we describe the process
as conventionalization (Tomasello, 1990). Some authors prefer to incor-
porate additional strictures to this very general definition, specifically to
exclude behavioral changes that accompany, for example, direct social in-
teractions (such as displaying submission to a more dominant individual,
or coordinated sequences of social interaction during courtship) as social
learning (Galef, 1988). Perhaps we will eventually develop phrases to dis-
tinguish these various settings for social learning: one to refer to social
learning that is directly dependent on another’s actions, but not interac-
tive (i.e., learning from demonstrations); another for social learning that
is dependent on direct interaction between participants; and yet another
for social learning arising through passive exposure merely from accom-
panyingothers. For our purposes in this book, we accept the broadest def-
inition, in accord with our interest in all the ways that animals can de-
velop shared behaviors that depend in some way upon the social context
for their repeated generation.
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Some theorists challenge the notion, sometimes implicit but more
often explicit in most contemporary treatments of social learning, thatso-
cial learning occurs through the “transfer” of “information” from one in-
dividual to another. Information, after all, is not a thing. Learning does
not entail the transfer of particles of information, unchanged during
transferacross the space between heads(Ingold, 1998). An alternative view,
well represented in contemporary anthropology and psychology, consid-
ers cognition as the process of organizing and maintaining streams of ac-
tivity rather than the process of managing particles of knowledge (e.g.,
Gibson, 1966, 1986; Johnson, 1987; Reed, 1996; Thelen and Smith, 1994;
van Gelder, 1998). In this view, activities of organisms are always grounded
in ongoing engagement with the environment. All experience occurs in
a background of meaning, and that meaning is a composite of social as
well as asocial elements, and encompasses the current emotional and mo-
tivational state of the individual (D’Amasio, 1994). Knowledge and prac-
tice (behavior) are inseparable. Consequently, knowledge per se cannot be
“transferred”. Rather, an individual is continuously secking meaning in
others’ perceived activities as well as all aspects of its own engagement
with the currentenvironment, and italters its own behaviorin accord with
ongoing experience. In this framework, there is no possibility to separate
“social” from “asocial” learning, or to consider learning processes as dis-
tinctive to one or the other (Fragaszy and Visalberghi, 2001; Ingold, 1998).
What is distinctive about individuals acting in social settings is that they
can generate behaviors that are similar to one another. The social learning
process of concern to us is one of generation, not transmission. Adopting
this perspective, what distinguishes social learning and traditions across
species derives from the depth of meaning afforded by the social compo-
nent of the environment, and the likelihood of generating similar prac-
tices (see Matsuzawa et al. (2001) for a convergent view).

Russon (1997) has suggested a similar interpretation of social learning
in terms that are perhaps more familiar to biologists. In Russon’s word-
ing, a social partner alters the experience of the learner compared with
experience without the social partner. The trajectory of action and per-
ception through time is different in social versus nonsocial conditions.
This could arise through increased salience of experiences that occur in
presence of others, for example. Social partners generate particular ex-
periences: they are animate, active agents, and they produce behaviors
that are particularly salient to conspecifics. Learners may attend prefer-
entially to conspecifics and may be predisposed to respond in particular
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ways to particular “signals” the conspecifics generate or behaviors in
which certain individuals engage. This notion seems relevant to many
proposed mechanisms of social learning, including those grounded in
information-processing language and those grounded in Pavlovian con-
ditioning (Byrne, 1999; Domjan et al., 2000, Fragaszy, 2000; Fragaszy and
Visalberghi, zoo1; Russon, 1999). Here we note thatsocial context is a rich
and ever-changing background for individual activity. The added experi-
ential aspect arising from social context can channel and scaffold individ-
ual efforts to acquire expertise. Social context constitutes a means of fo-
cusing behavior more effectively or differently than would have occurred
in an asocial context.

The contribution of social context to skill development and decision
making is likely to vary as a function of the social relationships of partici-
pants in the setting (Coussi-Korbel and Fragaszy, 1995). This aspect of the-
ory in social learning is addressed by several contributions in this volume.
For example, van Schaik (Ch. 11; see also van Schaik et al., 1999) discusses
how social tolerance contributes to the appearance of technological tradi-
tions in apes. Perry et al. (Ch. 14) present exciting new data on the relation
between extent of proximity and likelihood of sharing specific social in-
teractional patterns and foraging behaviors in capuchin monkeys. Mann
and Sargeant(Ch. 9) presentinformation onsimilarities in foraging meth-
ods in mother and offspring dyads in dolphins. The significance of social
tolerance to effective social learning is a central theme of many contribu-
tions in our volume.

It cannot be stated too often that social learning is not distinguished
as a different kind of learning process than other learning. As far as we
now know, there is no distinctive learning mechanism associated with
social learning: there is no separate neural tissue devoted to social learning
and there is no evidence for a “social learning module”, as has some-
times been proposed by those adopting a modular perspective on cogni-
tion (e.g., Cosmides and Tooby, 1992). Nor is there any competition, so
to speak, within the individual between reliance on social learning and
reliance on individual learning. Sometimes quantitative modelers make
an assumption that socially biased learning is distinctive in function or
process from individual learning, but this is merely a convenient assump-
tion used to explore the evolutionary consequences of different organi-
zations of learning (e.g., Richerson and Boyd, zoo0; Laland, Richerson,
and Boyd, 1996). Our categorization of “social learning” as distinctive
from “asocial learning” arises from the contextual elements only. A more
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accurate characterization of these processes is the term socially biased
learning (Fragaszy and Visalberghi, zoo1).

The reader might at this point wonder about the issue of imitation,
wherein an individual reproduces sequences of actions after observing an-
other perform these sequences. Understanding how attention to observed
action is coupled with the production of matching actions (as occurs dur-
ing imitation), whether the actions are novel or familiar, is an important
goal for cognitive scientists and neuroscientists (e.g., Byrne, 1999; Heyes
and Ray, 2000; Myowa-Yamakoshi and Matsuzawa, 1999; Rizzolatti et al.,
1999; Whiten, 1998, 2000). Understanding the developmental trajec-
tories, functional outcomes, and evolutionary pathways leading to
imitation are also of value, particularly because imitation is a rare phe-
nomenon. However, we can dismiss the notion that imitation is the sine
qua non for traditions (shared behavioral patterns maintained in part by
socially supported learning). A complete understanding of imitation will
not lead to understanding how socially maintained practices arise in hu-
mans or any other taxon (Heyes, 1993; Heyes and Ray, 2000; Ingold,
1998). “Copying” behavior of others (as in imitation) is not a sufficient
basis to produce skill; rather, skill requires repeated individual practice
(Bernstein, 1996). Traditional practices are generated by each individual;
they cannot be handed down as “units” from one individual to another,
any more than the corporal bodies that perform them can be handed
down (Ingold, 1998). Understandinghow traditional knowledge and prac-
tice can be maintained requires a dynamic conception of the individual
as engaged with its world, both social and asocial elements, in ongoing
commerce.

In short, to understand the genesis of traditions we should strive to un-
derstand the nature of social bias in learning (where learning is broadly
construed to include skill development). Nevertheless, in accord with the
literature in this field, we use the term social learning to refer to the pro-
cess in which social context contributes to skill development and deci-
sion making. When we understand how the social aspect of experience
enables individuals to generate skills and adopt practices similar to those
of their social partners, we may decide that some other label captures the
process better. Until then, let us retain the categorical concept of social
learning for comparative analyses of this phenomenon, realizing that it
represents a construct about the context of learning, and not abour the
mechanisms of learning or distinctive neural structure. To conduct com-
parative analyses of social learning, we need to identify behaviors across

1
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species that share acommon benefit from exposure to, or interaction with,
social partners for their generation.

1.5 Definition of tradition, and a model of “tradition space”
P

We focus on traditions in this work because they are an obvious link be-
tween social learning and evolutionary processes. A tradition is a behav-
ioral practice thatis relatively enduring (i.e., is performed repeatedly over
a period of time), that is shared among two or more members of a group,
and that depends in part on socially aided learning for its generation in
new practitioners. Prototypically, a tradition is shared among most or all
members of a group, although it could be maintained by just one dyad
or just one class of individuals (e.g., members of one matriline, only juve-
nile females, etc.). A particular behavior cannot be identified as a tradition
without inferring that socially aided learning supports its shared pres-
ence across individuals. The extent to which social influence affects the
generation of shared practice can vary, however, and this definition does
not specify what extent of shared practice reflects social influence. Simi-
larly, how long a behavioral practice must persist to qualify as “enduring”
is a matter of debate. Some theorists acknowledge ephemeral traditions
(shared behavior practices lasting a few days to a few months), in humans
as wellas other species (Bikhchandani, Hirshlifer, and Welch, 1998; Boesch
and Tomasello, 1998; Laland ez al., 2000); others restrict the term to behav-
iors that persist across generations (Heyes, 1993; McGrew, 1998; Sugiyama,
1993; Whiten et al., 1999). In short, the temporal dimension of persistence
of a shared practice can range from brief to the remainder of an individ-
ual’s life and beyond (in other practitioners); the shared behavior can be
evident in as few as two individuals or extend to an entire group, and the
extent to which social influences affect the generation of the practice in
new individuals can vary from minimally helpful to absolutely necessary.
For our purposes, a measurable social contribution to the generation of
the practice in new practitioners is necessary for a behavior to qualify as a
tradition.

In this view, traditions can vary along three orthogonal dimensions
(duration, distribution, and extent of contribution of social influences
to the expression of the behavior across individuals within a group).
Traditions can thus be conceived as occurring within a “tradition space”,
as illustrated in Figure 1.1 under the heading of the group process model,
to emphasize that traditions are identified according to properties of
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Fig. 1.1. The process model of traditions, conceived as a three-dimensional space. The
defining axes are the duration of the behavior within the group (x axis), the proportion
of the population displaying the behavior at any one time (y axis), and the contribution
of social context to the acquisition of the behavior by new practitioners (z axis). Any dis-
tinctive behavior can, in principle, be placed into a unique location in this space. (a) A
prototypical tradition: a behavior that is long-enduring, evident in most members of the
group, and largely dependent on social context for its acquisition. (b—d) more problem-
atic cases, where the behavior is evident only for a short time (b), social context provides
a measurable but small contribution to the generation of the practice (c), or only a small
proportion of the population exhibits the behavior (d).

behavior observed within a group. We use the term model here to mean
a conceptual representation. Here the three orthogonal dimensions are
represented as x, ¥, and z axes. Now traditions can be seen as falling along
a scale in each dimension. Behaviors that are long lasting, are present in
most or all members of a group, and are strongly dependent on social
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influences for their generation in new practitioners occupy one quadrant
of this space (as in Fig. 1.1a). Behaviors meeting these criteria fall clearly
within the common meaning of the term tradition. How far down or out
from this quadrant can we go in tradition space and still identify a behav-
ioral practice as a tradition? To give three examples, what about behaviors
that are relatively ephemeral but widespread and highly dependent on so-
cial influences (depicted in Fig. 1.1b)? Or behaviors that are long lasting
and widespread within a group but are not strongly dependent on social
influences (in other words, that are often independently generated; as de-
picted in Fig. 1.1c)? Or behaviors that are clearly dependent on social in-
fluences for their generation but appear only in a few individuals within
a group (depicted in Fig. 1.1d)? Of these last three examples, can we call
all three traditions? Do we need to subdivide this concept to do justice to
these three dimensions? Different contributors to this volume express dif-
ferent points of view on this related set of problems. The debate is useful
grist for our efforts to develop theoretical models of traditions as biologi-
cally important phenomena.

This perspective on traditions is at variance with the usual way com-
parative biologists have approached the problem of identifying candidate
traditions. Most discussions in the contemporary literature on traditions
or culture in nonhuman animals, particularly primates, are grounded in
acomparison of acompletely different set of attributes, namely, (a) the de-
gree of similarity of the behaviors seen in different social groups, (b) the
(usually hypothetical) degree of genetic and behavioral exchange among
members of different groups, and (c) the extent of environmental sim-
ilarity across sites inhabited by different groups. We shall refer to this
paradigm as the group contrast model of traditions, also called regional
contrast by Dewar (Ch. 5)and method of elimination by van Schaik (Ch. 1)
The argument goes like this.

1, Group X and group Y are currently or until very recently members of a
single breeding population (i.e., genetically similar).

2. Group X performs an action in one form and group Y either does not
perform it or performs it in a distinctively different form.

3. No obvious environmental difference limits the two groups from

exhibiting the same form of the behavior.

This model relies on characteristics unrelated to an essential feature of
traditions: their dependence on social context for acquisition by new
practitioners of the practice in question. However, this is the model that
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underlies, forexample, thelisting of behavioral variations in chimpanzees
studied at differenc field sites published by a consortium of field observers
(Whiten et al., 1999), or the compendium of behavioral variations seen in
cetaceans published by Rendell and Whitehead (zoo1). It is evident in sev-
eral of the chapters in this volume as well, as a starting point to identify
candidate traditions (e.g., Chs. 11 and 14). McGrew (1998) suggests that
field primatologists in particular adopt this approach because their sub-
jects of study are too long lived to adopt an ontogenetic, or process, ap-
proach, as exemplified most elegantly in the work of Terkel and Aisner
with rats (Terkel, 1996; see Ch. 6).

While the group contrast model may be a useful starting place to iden-
tify candidate traditions, it cannot be the ending point. Comparisons of
extant behaviors, no matter how different the behaviors appear across
groups, nomatter how similar the environments or how similar in genetic
makeup the populations, are never sufficient to resolve the question, “Is be-
havior X traditional in population Y?” A tradition is not confirmed until
one can show that social learning contributes to the generation of a prac-
tice in new practitioners. The group-comparison data only set the stage by
indicating some behaviors that are likely to be acquired in part through
social learning. As Dewar (Ch. 5) points out, however, traditions are not
limited to behaviors that vary across groups, and we may be seriously lim-
iting our search by looking only at such behaviors. Huffman and Hirata
(Ch. 10) discuss this issue in relation to the phenomenon of stone rubbing
observed in many free-living groups of Japanese macaques.

The standard model of identifying traditions is illustrated in Fig. 1.2
under the heading group comparison model as a three-dimensional space,
where the axes are degree of phylogenetic relatedness (genetic similarity),
degree of behavioral similarity, and degree of environmental/ecological
similarity. Here, the similarity between two or more groups is measured
at one point in time. The small ball shows the ideal situation for identi-
fying a candidate tradition according to this conception: two groups are
highly related phylogenetically (indeed, are members of a single breeding
population), they inhabit similar microhabitats, but they vary distinctly
in the form of behavior X. Often the behavior pattern is widely evident
in each population, and there is usually an attempt to verify longevity of
the pattern. However, most often there is no evidence bearing on the on-
togeny of the behavior in new practitioners. This model, we reiterate, can
suggest candidate traditions but it does not get at the essence of what a
tradition is: a behavior pattern shared among members of a group that
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Fig. 1.2. The group comparison or regional contrast model of tradition conceived as a
three-dimensional space. The location in space here defines the relation between two or
more groups: the degree of similarity for the behavior of interest (x axis), the degree of
genetic similarity for the groups under comparison (y axis), and the degree of environ-
mental similarity for the groups under comparison (z axis). The small ball indicates a
case that would be identified as a strong candidate for the label “traditional”: a behavior
showing strong differences across genetically similar groups living in similar environ-
ments. The larger ball illustrates a more problematic case: a behavior that is moderately
different in groups with moderately different gene pools and that live in moderately dif-
ferent environments.

depends to a measurable degree on social contributions to the generation
of the behavior in new practitioners. The model identifies one possible
outcome of the process: behavioral differences between groups. Unfortu-
nately, other processes besides social learning can lead to the same out-
come, and this model cannot discriminate false positives (behavioral dif-
ferences thatare dependent on asocial factors and independent of socially
aided learning). Itis also prone to false negatives because it cannot identify
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behaviors that are dependent on socially aided learning but are similar
across groups.

The large ball in Fig. 1.2 illustrates a common and visibly problem-
atic situation. In this case, groups are judged to be somewhat differen-
tiated genetically, to live in somewhat varying habitats, and to exhibit
some degree of behavioral variation. What can this model now predict
about the likelihood that the variations between the groups in behavior
pattern X are supported by social learning? It cannot speak to this issue
at all. It is important to note that drawing a conclusion from this model
in this situation is no more problematic, on logical grounds, than draw-
ing conclusions in what is considered the ideal situation, indicated by the
small ball.

All too often this model has been accepted as the best method avail-
able for identifying traditions in nonhuman animals. We argue instead
that the group comparison model is logically inadequate to allow strong
conclusions about the status of any behavior as a tradition. To accept that
a behavior is a tradition with this model one must confirm two null hy-
potheses: no genetic differences and no environmental differences (suffi-
cient to account for the observed difference). These can never be “proven”
to the skeptics’ satisfaction. On top of that problem of logic, the notion
that explanations of differences at the genetic or environmental level can
supportor rule out explanations at the ontogenetic level is clearly mistaken.
This notion was thoroughly discredited years ago by the compelling argu-
ments of Lehrman (1970) and others, who argued for an epigenetic under-
standing of individual development. Ontogenetic phenomena require an
explanationin terms of individual ontogeny, not static notions of environ-
mental conditions or genetic endowments. Social learning occurs during
an individual’s life; traditions are an outcome of several individuals’ de-
velopment. Social learning phenomena must (ultimately) be explained in
terms of their development.

Why do behavioral scientists still feel compelled to exclude a genetic
explanation for a behavioral character before they can consider how a be-
havior is acquired? Probably because they are confused as to what level
of explanation a “genetic difference” affords. As Lerhman (1970) points
out, the terms innate, inherited; and their relatives (e.g., hereditary, her-
itable) have two quite different meanings that are often confused. One
meaning, used by geneticists, is that a character is inherited if variations
of this character across individuals can be shown to arise from differ-
ences in the genetic constitution of the different individuals. The term
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is reserved for observed variability of the character in individuals with
different genomes observed in the same environment; it implies “achiev-
able by natural selection or by artificial selection”. It does not address the
question of whether variations in the environment during development
would have an effect on the adult phenotype. The same genome can be
associated with entirely different phenotypes in differing environments,
and anenvironmental difference that greatly influences phenotypicdevel-
opment of one genome may have no effect on another, as demonstrated
by Haldane more than half a century ago (Haldane, 1946). A straightfor-
ward example of the first principle is the variation across individuals and
populationsin parthenogenetic species, for example in whiptail lizards as
documented by Taylor, Walker and Cordes (1997).

The second meaning often attributed to the terms innate, hereditary,
or inherited is that of developmental fixity, the notion that a behavioral
character is so developmentally canalized that it appears reliably even in
theface of highly variableindividual circumstances. Thisis an entirely dif-
ferent concept to the one discussed above; it has no bearing on “achiev-
able by natural selection”. It also has no bearing on what processes play
arole in the behavior’s development. Not keeping the two meanings dis-
tinct can lead to confusion. For example, to use the observation that the
behavior of hybrid offspring matches that of both of its parents (in accord
with first meaning accorded by geneticists) as evidence that a behavior is
“innate” and, in the same sentence, thatlearning does not appear to influ-
ence the development of the behavior (in accord with thesecond meaning)
reveals confusion about what innate means. (See Gottlieb (1992) for fur-
ther discussion of how these concepts have been confused in the history
of genetics and psychology.) Further, the pernicious and false notion that
every element of behavior ought, on logical grounds, to be classifiable as
“innate” or “learned” obscures serious consideration of how behaviors of
interest develop. As Lerhman (1970, p. 33) said, “The distinction between
‘innate’ and ‘acquired’ is an inadequate set of concepts for analyzing
development.”

We believe that the logical inadequacies of the group comparison
model (or as Dewar, (Ch. 5) labels it, the regional contrast model) are
partially responsible for the frustrations that many have expressed with
the task of trying to confirm that behaviors of particular interest are or
are not traditions, and the equal frustration of those who see claims of
tradition as over-rated. The model implies that a “genetic differences”
explanation can supercede an “acquired” explanation as the source of
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a behavioral difference between groups. In actuality, these explanations
are independent of one another. The model also requires the logically
impossible procedure of confirming null hypotheses. As the model is log-
ically inadequate, alternative interpretations can never be excluded, and
the claim for tradition is necessarily weak. But is this unsatisfactory state
of affairs necessary? We don’t believe so. The process model of traditions
does not suffer from these flaws, and we can indeed collect evidence from
both field and laboratory that can be addressed with that model. In the
next section and in our concluding chapter, we consider what kinds of
evidence we should be collecting that can bear more deeply on the ques-
tion of whether traditions exist in nonhuman species.

1.6 The comparative method in ethology

As MacLarnon (1999) reminds us, John Mill (1872/1967) explicated the
principles of logical induction that govern the scientific enterprise today.
Mill laid out four methods of inductive reasoning using comparative
evidence: agreement, disagreement, residues, and concomitant variation.
The first two methods rest on the principles that we can conclude that
a causal relationship, or an enabling relationship, exists between a cer-
tain condition and the phenomenon under study by comparing (a) two
instances in which a phenomenon occurs and the comparison groups
have only one element in common (agreement) or (b) two instances in
which a phenomenon occurs in one group but does not occur in an-
other, where only one element is different between the comparison groups
(disagreement). The method of disagreement is the familiar logic of
experimental design, where one independent variable is manipulated to
determine its effect on one or more dependent variables, holding other
independent variables constant. Combining these two methods produces
the joint method of agreement and difference wherein if both a set of
dissimilar circumstances save one element X (agreement) and a set of sim-
ilar circumstances save the same element X (disagreement) show the ex-
pected relation of presence and absence of phenomenon P, we can draw
a strong conclusion about the necessity of element X to the occurrence of
phenomenon P.

Phenomena in the natural world, where experimental manipulations
are less frequently possible, rarely lend themselves to the strict standards
of evidence required by the methods of agreement or disagreement, or
their union (joint agreement and disagreement). In the natural world,
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multiple factors influence the occurrence of virtually all phenomena.
Hence, the second two principles take on great importance for studies
of naturally occurring phenomena. In these methods, we measure the
magnitude of a phenomenon, rather than its presence or absence. In the
method of residues (Mill’s third method), one subtracts the magnitude of
a phenomenon known to be associated with one set of conditions from
its magnitude observed in a different but closely related set of condi-
tions (ideally, similar conditions with one categorical difference). We at-
tribute the difference, or residual, in the magnitude of the phenomenon
to the differing conditions. For example, we may be interested in the fre-
quency of grooming between groups that vary (ideally, only) with respect
to the presence or absence of a particular kind of parasite. The logic of this
method parallels that of the recently developed CAIC method (compar-
ative analysis by independent contrasts: Harvey and Purvis, 1991; Purvis
and Rambaut, 1995) used in phylogenetic contrasts, which takes into ac-
count the degree of relatedness of the various taxonomic groups used in
the analysis (see Ch. 3).

The method of concomitant variations (Mill’s fourth method) similarly
relies upon a comparison of the size of a phenomenon between two or
more circumstances. In this method, one scales the magnitude of a par-
ticular relevant variable that is always present but varies in scalar fashion
(say, risk of predation) with the magnitude of the phenomenon of inter-
est (say, group size). In the case of the relationship between risk of preda-
tion and group size, the group is the unit of analysis. Van Schaik (Ch. 11)
uses thislogic to evaluate the relationship between party size and the pres-
ence of putative traditions in chimpanzees. This method can also be used
to evaluate the concordance between behavioral similarity in pairs of an-
imals within a group, such as the use of a particular foraging technique,
and some other aspect of their behavior with each other, such as the pro-
portion of time they spend in proximity to one another, as illustrated in
Ch. 14. In this case, the pair is the unit of analysis.

Neither of these methods provides the clear evidence of causal or con-
ditional relationship that the first two methods do. Rather, they allow us
to make the best use of available information; they provide correlational
evidence concerning categorical or scalar variations of relevant variables
across conditions. They allow us to identify that a relationship exists be-
tween the degree of some condition between groups, or between dyads
within a group, and the probability that the dyad shares a behavioral
characteristic.
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The comparisons envisioned by Mill to identify the contributions of
some condition to the occurrence of a phenomenon are widely used in
ethology and other sciences. They do not exhaust analytical strategies,
however. We have an arsenal of other methods that support analysis of
development. Developmental analyses are concerned with how a charac-
teristic comes about: how something changes through time in an individ-
ual. In the case of behavior, longitudinal observations of an individual,
or a set of individuals, provide the most powerful analyses. Data of this
sort relevant to understanding the origins of traditions in nonhuman an-
imals come from studies of vocal learning in many taxa, but especially in
birds (see Ch. 8). The now-classic developmental studies of Terkel (Terkel,
1996) demonstrating the development of pine-cone stripping in young
black rats whose mothers use this method of feeding have already been
mentioned above. Mann and Sargeant (Ch. 9) provide data of this type for
bottlenose dolphins. In nonhuman primates, the best examples of devel-
opmental studies relevant to understanding the origins of shared prac-
tices are those of stone handling in Japanese macaques (Ch. 10), the de-
velopment of nut cracking in young chimpanzees (Inoue-Nakamura and
Matsuzawa, 1997), and the development of various feeding techniques in
young orangutans (Russon, 2003 and Ch. 12).

1.7  Standards of evidence: experimental and observational

What evidence do we require to determine that social learning has oc-
curred? In the laboratory, social learning can be documented by its out-
come in accord with the methods of agreement, disagreement, or joint
agreement and disagreement. In a common design, we compare two
groups of subjects. In the first group (the “social learning group”), indi-
viduals differ measurably at the outset in the manner of achieving some-
thing (e.g., finding food). Subsequently two or more individuals jointly
behave in the same environment, either simultaneously or sequentially.
In the second group (the “individual learning group™), individuals do not
behave jointly in the same environment; they encounter the same circum-
stances on their own. Thus the individuals’ exposure to the circumstances
is the same across groups, but the social context of their experience is dif-
ferent. We conclude that social learning has occurred if members of the
social learning group alter their behavior to be more similar to their social
partner’s behavior following joint exposure, compared with subjects that
encounter the same problems individually. Usually in this design, one or
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more individual(s) in the social learning group is more proficient at the
task (and serves as a “demonstrator” to the others). The hypothesis to be
tested is that the less-proficient individuals in the social learning group
will become more proficient following exposure to the demonstrators
than will members of the individual learning group following equivalent
exposure to the problem, but without a demonstrator. In other words,
exposure to the situation with a demonstrator allows the learner to be-
have more like the demonstrator more quickly than a solo learner al-
ters its behavior to be more proficient (and more like the social group’s
demonstrator). Galef’s studies of social learning of food preferencesin rats
(Ch. 6) and Visalberghi and Addessi’s studies of food choices in capuchin
monkeys (Ch. 7) illustrate the subtleties of experimental design that can
follow from this logic.

Asecond common experimental design in social learning experiments
is the “two action design”, in which two or more groups of subjects en-
counter the same problem with a demonstrator—partner. The solutions
practiced by the proficient partner vary in key ways between the groups;
for example, in one group the demonstrator may pull up a lid to open a
container, and in another group the demonstrator may push thelid down
to open the container. In this design, one seeks differential shifts towards
the more expert partner’s behavior on the part of the less-proficient part-
ner in all groups, and the form of change is predicted to vary between the
groups. Zentall (1996, p. 232) provides several examples of studies using
this design (see also Fritz and Kotrschal, 1999; Voelkl and Huber, 2000).

Regardless of design or circumstance, as an individual acts in the envi-
ronment, the consequences of its actions will impact whether or how of-
ten the behavior is performed again. Socially learned behaviors produce a
history of consequences, as do all behaviors (Galef, 1992). In this sense, the
methods of agreement and disagreement are not a perfect fit to the prob-
lem of demonstrating social learning, as behavior has a historical com-
ponent that these logical principles do not encompass. For example, over
time, a behavior maybecome modified or may become performed more se-
lectively as a consequence of continuing practice, or it may be abandoned
by some individuals. Unfortunately for the scientist interested in assess-
ing the likelihood that a behavior is a tradition, all these processes have
the net effect of masking the differences in behavior between groups that
experienced different learning contexts at an earlier time. Comparisons
of groups according to the consequences of experience at a single, ear-
lier period may thus become muddied, especially as the temporal distance
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between the different learning context and the evaluation of performance
increases.

What evidence for social learning can we expect to collect from natu-
ralistic observations? It is not possible to obtain the same evidence that
we can obtain in experimental situations. Field observers cannot train an
individual to serve as a demonstrator to others, nor can they group ani-
mals by skill levels on a given task. Observers of animals in natural set-
tings cannot determine with certainty that the changes in behavior they
observe across time in an individual’s proficiency or form at some partic-
ular task reflect social influence on learning, because they cannot rule out
asocial influences by comparison with a control group. Changes in perfor-
mance may also reflect some concurrently varying feature of the situation
(such as seasonal changes in the availability of resources, physical changes
in the individual, and so on). This could be ruled out with a control group
in the same context but shielded from social influence, but this is not pos-
sible in natural circumstances. Moreover, unlike in experimental studies,
it is usually impossible to know any individual’s level of experience with
a task prior to the start of observations. Nevertheless, field obsetvers can
document social contexts in which behaviors occur and changes over time
in individual performance; they can documentintragroup variation in be-
havior at a particular time, and they can seek comparable evidence about
specific practices in other groups of the same species or of related species.
The contributions by field researchers in this book illustrate the applica-
tion of these forms of logic to the analysis of behavior of many species of
animal in natural settings.

1dentification of locale-specific behaviors is not sufficient to conclude
that social learning is a necessary element in the generation of those be-
haviors. Multiple pathways lead to similar behaviors in many instances.
For example, Galef (1980) examined how rats could develop the habit of
swimming under water to collect shellfish from the riverbank. This un-
usual manner of foraging is (or was) common in rats living at a certain lo-
cation along the River Po in Italy (Gandolfi and Parisi, 1973). Diving for
food seemed a strong candidate for abehavior fully dependent upon social
learning for its persistence in the population. Nevertheless, Galef (1980;
see also Ch. 6) showed experimentally that juvenilerats could acquire this
habit readily without any social scaffolding in conditions similar in rele-
vant ways to their riverbank habitat. Social learning might aid individu-
als to develop the behavior but the behavior is not necessarily dependent
on social learning for its generation. We still do not know the extent to
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which social learning does in fact contribute to the continuance of this
practice in rats along the River Po (the residual in the method of residues),
or indeed whether it contributes at all. It seems plausible, but it is not
necessary.

Sometimes those conducting naturalistic observations argue that
demonstrating the necessity of social learning in the generation of similar
behaviors in different individuals requires excluding all plausible alterna-
tive explanations (usually, environmental sources, such as resource avail-
ability, and presumed genetic differences) (Boesch, 1996; McGrew, 1998).
Unfortunately, itis alogical impossibility to exclude all other mechanisms
besides social learning that might produce similar behaviors in two or
more individuals on the basis of observations of spontaneous behavior in
natural settings. Field observations simply cannot provide the data nec-
essary for such strong inferences. This is a misguided attempt to use the
logic of the method of agreement when the elements needed to use this
logic are not available (see also Ch. 5). It is logically possible, however, to
adopt the method of residues or of concomitant variations and to show
that social learning aids the generation of similar behaviors. This can be
done, for example, by documenting the development of skill as a function
of the extent of social support during learning (correlating rate of skill de-
velopment in several individuals with extent of social support). To con-
firm that social learning aids in the generation of similar behaviors, we
need to document the spread of a specific behavior to multiple new practi-
tioners in a variety of circumstances. Considering each new practitioner as
anew link, and a series of links as a transmission chain, we can evaluate (a)
how rapidly new practitioners develop the behavior with differing forms
of social support, (b) how close the behavioral resemblance remains across
links, and (c) how different the patterns are in different social units. This
task is easier if the behavior is present in some groups and not others, and
logically even easier if a behavioral innovation is observed at the outset,
and its spread followed within a group. Itis still possible, however, even if
the behavior is present in all groups.

Some authors emphasize the persistence of a behavioral pattern across
biological generations as necessary to accord it the status of a tradition
(e.g., McGrew, 1998; Whiten et al., 1999). As may be surmised from the
traditions space model provided in Fig. 1.1 and discussed earlier, we find
this requirement too restrictive. Temporal stability is surely important
for the evolutionary significance of a particular pattern. Traditions allow
one generation to impact the conditions of natural selection of the next
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generation; the selective environment is scaffolded for the next genera-
tion by the behavior of the previous one. Traditions can contribute to con-
structed niches (Laland et al., 2000) and thus have effects on fitness. How-
ever, in theory, even ephemeral traditions (lasting only a portion of the
individual’s lifespan) can have fitness consequences. Vocal traditions in
many taxa drift in less than a lifespan; degree of adherence to the tradi-
tional song of the moment can still influence individual fitness. As Perry
etal. argue(see Ch. 14), other forms of social conventions may also have this
consequence.

Documentation of socially aided learning by animals in natural set-
tings is likely to remain challenging, whatever method is adopted for this
purpose. Shifting social context and ongoing behavior of several individ-
uals are not easy to record in real time. Even documenting intergroup
variation in the presence or absence of a specific behavior can be diffi-
cult, because of the difficulty in interpreting negative evidence. Although
statistical methods can be used to examine the probability of noting a
behavior in one population given its rate of occurrence in another popu-
lation, to evaluate whether the two populations produce the behavior at
equivalent rates (e.g., see Ch. 11), interpreting behaviors seen at extremely
low frequencies remains problematic.

However, the situation is far from hopeless. As contributors to this vol-
ume show, there are many different forms of evidence that can be brought
to bear on the question of the third dimension in traditions, that of social
contributions to the generation of the behavior in new practitioners. We
anticipate that the sample efforts presented in this volume will generate
new ideas for those studying many different taxa and forms of behavior
about how to evaluate the contribution of social influences in their own
cases of interest.

1.8 Conclusions

Our principal aim is to understand traditions as biological phenomena in
order to improve our understanding of their contribution to the evolu-
tion and current life ways of various taxa. We have adopted an ethologi-
cal stance to this problem, noting that we should recognize explanations
at different levels (evolution, function, mechanism, and development) as
having complementary value, and that explanations at these different
levels should be compatible with one another. Ideally, we would like
to create a model that effectively predicts when and in what domains
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traditions will appear in a particular species, and how social influences
will support the generation of shared behaviors, taking into account the
species’ constellation of ecological, social, and behavioral characteristics.
We would like to model evolutionary trends in the occurrence of tra-
ditions, as well as ontogenetic patterns governing the acquisition of
shared behaviors. We are far from reaching all these goals at present.
Nevertheless, we are encouraged by the energy and creativity of the re-
search community around this issue as represented by the contributions
to this volume.

One of our central concerns in this chapter has been to lay out a
definition for traditions that permits empirical rigor. To this end, we have
suggested conceptualizing traditions as behaviors located within a spe-
cificregionof the three-dimensional space defined by the axes of temporal
duration, proportion of population displaying the practice, and contribu-
tion of social influences on the generation of new practitioners(the process
model; see Fig. 1.1). This heuristic model makes it clear why documenting
group specificity and long (even intergenerational)duration, currently the
most frequently used data to argue for or against the status of a behav-
ior as traditional in a particular group, will never be sufficient to make
a strong claim for that status. The third dimension (contribution of so-
cial influence) must be examined in its own right; it is neither derivative
of nor predicted by the other two dimensions. We do not yet have a prin-
cipled basis to specify numerical values defining the area of traditions;
that awaits further theoretical developments. However, the process model
nudges us to look for ways to measure the effects of social influence on
acquisition, to achieve adequate definitional rigor for the phenomenon.
This task is important no matter what level of explanation is under
consideration.

Behavioral scientists work in settings ranging from the laboratory
{(where virtually every aspect of social context, individual history, and en-
vironmental circumstance can be monitored and controlled) to field con-
ditions, where the observer must make do with incomplete information.
Therefore, we must be prepared to make the best use of very different
kinds of information. We must acknowledge the different forms of com-
parison enabled by the different circumstances we face in these different
conditions of scientific inquiry, and we must adapt our analytical goals to
the data supported by each condition. For those who study social learning,
this meansadopting the method of residues or the method of concomitant
variation, to use Mill’s terminology, to examine the critical dimension
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of social contribution to shared practice when we cannot manipulate the
relevant variables of social context and solo practice. Those who have the
luxury (and the burden) of designed experiments can adopt the methods
of agreement and disagreement (that is, traditional experimental meth-
ods). All of us have the responsibility to adopt longitudinal methods
where possible, as developmental analyses are necessary to understand
how shared practices arise.

Understanding traditions as biological phenomena requires the col-
laborative efforts of scientists working from diverse theoretical and
methodological realms (modeling, experiments, and observations of be-
havior in natural settings). Although field observations will virtually
never support the use of the stronger methods of agreement and dis-
agreement, they can be a very rich source of information supporting other
methods. In particular, two forms of information from naturalistic obser-
vations are relevant to studies of traditions: (a) behavioral variation within
groups, in conjunction with patterns of social affiliations or (a less pow-
erful method) across sites, and (b) longitudinal data on the generation of
skilled practice by new practitioners. Longitudinal data relevant to acqui-
sition will enable us to identify traditions more rigorously than has been
the case previously.

This chapter is followed by contributions by Laland and Kendall,
Reader, Lefebvre and Bouchard, and Dewar (Chs. 2-5) addressing evo-
lutionary, comparative, and process models of traditions. Chapters 6-14
cover a variety of taxa and of empirical approaches to the study of tradi-
tions. Several contributions illustrate the logic and power of analyzing
naturally occurring patterns of variation with moderately longitudinal
data (Chs. 9-12, 14). In Ch. 13, Boinski et al. describe the starting point for
studies of traditions, a behavioral phenomenon that seems likely in their
estimation to rely on social context for some aspects of its development.
Contributions from experimental scientists (Ch. 6 by Galef, and Ch. 7 by
Visalberghi and Addessi) illustrate how complementary use of the differ-
ent comparative methods aids a full understanding of complex biologi-
cal phenomena, and both provide cautionary examples of behaviors that
seem likely to be dependent on social learning but that can arise rather
easily in other ways. Janik and Slater (Ch. 8) review traditional aspects of
vocal communication in birds and mammals to round out the topical and
taxonomic coverage. In the final chapter, we draw out shared themes ev-
ident in these contributions to suggest directions for future work, and to
highlight opportunities for fruitful collaboration.
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At the end of the day, we must recognize that social learning, leading
to traditions, is a central participatory feature in behavioral biology; it de-
serves our concentrated attention even though it is no more amenable to
easy comprehension than any other aspect of behavioral biology. Devel-
oping clear conceptual and methodological approaches is a necessary first
step in creating a rigorous field of study devoted to this subject. We intend
that this book will stimulate progress in this endeavour.
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KEVIN N. LALAND AND JEREMY R. KENDAL

What the models say about social learning

2.1 Introduction

All too often theoretically minded scientists soar off into an abstract
mathematical world that seemingly makes little contact with empiri-
cal reality. The field of animal social learning and tradition has its very
own assortment of theory, although in truth it is a somewhat paltry
portion, and the mathematics rarely get that sophisticated. Nonethe-
less, the modelers and the empirical scientists, while perhaps converg-
ing, have for the most part yet to meet in any consensus of shared goals
and understanding. As the most effective mathematical models in sci-
ence are undoubtedly those making clear, empirically testable predic-
tions, it would obviously be of value if the mathematics had some util-
ity to other researchers in the field of animal social learning. Moreover,
as the best models are those with assumptions well informed by em-
pirical findings, it would also clearly help if social learning researchers
collected the kind of information that was relevant to grounding the
models.

The over-arching goal of this article is to contribute towards the further
integration of empirical and theoretical work in animal social learning.
While this is a worthy long-term objective, it is apparent that such an in-
tegration is unlikely to happen overnight. At the time of writing, most of
the mathematical theory in our field has been developed without the ben-
efit of a thorough understanding of animal social learning, in face, largely
without nonhuman animals in mind. Similarly, with one or two excep-
tions striking for their singularity (Laland and Williams, 1998; Wilkinson
and Boughman, 1999), there has been virtually no experimental testing of
the models’ predictions.
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As a modest step in the right direction, this chapter reviews, summa-
rizes and explains in simple nonmathematical terms what the models
have to say about social learning. We also focus on the areas that the mod-
els have thus far neglected, but which, in our view, may benefit from a the-
oretical perspective. In order to structure this information in an intuitive
fashion, we present it in the form of pertinent questions of relevance to
researchers on animal traditions. The next section describes questions for
which the models have provided answers, albeit with varying degrees of
utility. We attempt to draw out clear predictions from the theory. In the
rare instances where the predictions have been subject to empirical test,
we present the findings of these studies and discuss the model’s perfor-
mance. Where the theory has not been tested, we endeavor to illustrate
how it might be. This s followed by a section focusing on as-yet neglected
questions about social learning where theory and empirical work could
usefully be integrated. We concentrate on what we believe to be the more
tractable questions. In the final section, we discuss future directions for
animal social learning theory.

2.2 Questions about social learning that the models
have addressed

By social learning we refer to socially guided individual learning. Whilst
most theoretical models have distinguished between asocial and social
learning as if they were binary categories, in reality it may sometimes be
more appropriate to regard cases of social learning as arrayed on a dimen-
sion with greater or lesser reliance on social cues (Laland ez al., 1993).

2.2.1 When should animals use social learning?

Several theoretical analyses have explored the circumstances under which
natural selection should favor reliance on social learning, as opposed to
asocial learning or evolved nonlearned behavior (Aoki and Feldman, 1987;
Bergman and Feldman, 1995; Boyd and Richerson, 1985, 1988; Cavalli-
Sforza and Feldman, 1983; Feldman, Aoki, and Kumm, 1996; Laland,
Richerson, and Boyd, 1996; Rogers, 1988; Stephens, 1991). It is now well
established that the issue hangs, in part, on patterns and rates of variabil-
ity in the environment over evolutionary time. In an environment that
is changing comparatively slowly, or that exhibits relatively little spa-
tial heterogeneity in resources, populations are able to evolve appropriate
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behavior patterns through natural selection, and learning is of little adap-
tive value. At the other extreme, in rapidly changing or highly variable
environments, asocial learning pays. Of course, there is a limit to how
changeable the environment can get beyond which learning of any kind
is worthless: in a randomly changing environment, learning is of no use
at all and unlearned behavior will again be favored. However, provided
the environment retains some semblance of predictability, asocial learn-
ing will generally be of value. In contrast, here unlearned behavioral traits
cannot respond appropriately to environmental fluctuations, while social
learning is unreliable because it may lead individuals to acquire outdated
or locally inappropriate behaviors. Therefore, social learning is favored at
intermediate rates of change as individuals can acquire relevant informa-
tion without bearing the costs of direct interaction with the environment
associated with asocial learning, but with greater phenotypic flexibility
(Fig. 2.1a). Within this window of environmental variability, vertical trans-
mission of information (social learning from parents)is generally thought
to be an adaptation to slower rates of change than horizontal transmission
(sociallearning among unrelated individuals of the same cohort), and this
can be regarded as a rule of thumb (Fig. 2.1b). The models cover the en-
tire spectrum from observer learning immediately after demonstrator to
long periods (e.g., up to a generation) intervening between observer and
demonstrator learning.

In fact, the relationship between the pathway of information flow and
the rate of environmental change is actually more subtle than the above
rule of thumb might imply. A more precise specification of the findings of
the theory would be that the temporal distance between the demonstra-
tor’s initial acquisition of the trait and the observer’s learning from this is
inversely related to the rate of environmental change. Frequently thereisa
whole generation between parents and offspring acquiring learned traits;
consequently learning such skills from parents is only useful if the rele-
vant aspect of the environment changes slowly relative to the generational
time of the species concerned, so that it remains valid from one generation
to the next. It is also commonly the case that individuals of a similar age
acquire information at roughly the same time. Thus, if the environment
changes more frequently than the generational times of the species, learn-
ing from individuals of the same cohort may be of value. However, itisim-
portant to note that instances of vertical transmission in which offspring
learn from their parents shortly after the parents have themselves learned
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the trait might well be of utility in a rapidly changing environment. Like-
wise, a similarly aged observer may learn a behavior many years after its
demonstrator.

In order to predict whether social or asocial learning is likely to flour-
ish, we need to ask ourselves how similar would be the environment of the
likely demonstrator and observer when each expresses the behavior? To
the extent that it is similar, we should expect a greater reliance on social
learning (or, perhaps, heightened sensitivity to others during learning),
while where it is different we predictasocial learning. In general, the more
environments change in space and time, the more likely it is that demon-
strator and observer will experience different aspects of the environment.
However, the utilization of social learning depends upon the type of trait
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under consideration. For instance, it may pay individuals to learn the loca-
tionofa water source from parents if this water has been found at the same
location for many years, butit may not pay tolearn from parents the forag-
ing range of a predator that annually moves its nest site. How to process an
omnipresent food type can belearned even from an immigrating individ-
ual, but the processing of patchily distributed food types is perhaps best
learned from a local.

Moreover, we also need to factor in the cost and probability of an
individual acquiring the pertinent skill (Fig. 2.1c). For instance, we might
expect more social learning of the identity of predators, which is likely
to be extremely hazardous to learn asocially, than of the identity of prey,
which commonly does not involve any direct hazard. This postulate
receives empirical support among fishes (Brown and Laland, 2003).
In contrast, we might expect more social learning of the location of a
rare and patchily dispersed prey item, which would be difficult to find,
than of the location of a common and homogeneously dispersed item,
which would be easy to find. Although this is most likely if prey location
were temporally invariant, in some cases we might anticipate a trade
off between patterns of environmental variability and the cost of asocial
learning. We might find individuals learn socially even in a very variable
environment if the costs of learning asocially are high. In circumstances
where socially transmitted information is likely to be reliable, we expect
a broad range of conditions under which social learning will be utilized
irrespective of the costs of asocial learning,.

Although these findings are theoretically robust, they concern the ef-
ficacy of social learning over evolutionary time scales. Consequently, it is
germane to ask whether contemporary populations of animals capable of
social learning shift along the dimension from more to less reliance on so-
cial cues when learning, depending on the patterns of environmental vari-
ability that they experience in relevant resources. On the assumption that
they do, a number of empirically testable predictions can be formulated
from the above theory (see also Ch. 5).

Prediction 1. The probability that a trait is socially learned should
increase with the probability that the demonstrator and observer
experience similar aspects of the environment for which the trait is
of utility.

Prediction 2. Skills and knowledge pertaining to resources that change
their quality or location rapidly, or thatare highly variable in their
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geographic distribution, should be less subject to social learning
than skills and knowledge pertaining to resources thatare
comparatively constant in their quality, location, and distribution.

Prediction 3. Skills and knowledge that are relatively costly toacquire
alone, where the cost could be measured in terms of time, energy, or
hazard, should be more subject to social learning than skills and
knowledge that can be acquired cheaply.

Prediction 4. Populations of animals capable of social learning might be
predicted to increase their use of social learning when the pertinent
environmental resources become less variable in their quality and
location, and increase their use of asocial learning when those
resources become more variable.

Note that whether the models predict that social learning will occur must
be assessed on a trait-by-trait and not species-by-species basis. In other,
words, these predictions should not be interpreted as implying that indi-
viduals of some species will be good social learners and others not. Rather
the predictions suggest that individuals in some species will utilize so-
cial information to guide their learning in restricted circumstances and
not in other circumstances, depending on the nature of the behavior and
the variability in the relevant resources involved. Note too that if contem-
porary populations of animals are incapable of switching between social
learning and asociallearning depending on the patterns of environmental
variability that they experience in relevant resources, this does not invali-
date the models in addressing events over evolutionary time scales.

To our knowledge, there have been only two empirical tests of these
predictions. In the first, Wilkinson and Boughman (1999} used data from
studies of evening bats, greater spear-nosed bats, and vampire bats to test
the predictions of Laland ez al.’s (1996) model. Wilkinson and Boughman
used rates of following to food sites from a communal roost as an esti-
mate of the degree to which social learning was employed by the bats to
determine the location of food. They also used the number and variabil-
ity of food items in the bats’ diet to estimate the environmental variabil-
ity and recorded the probability of successful feeding among the bats.
This allowed them to assess whether the data conformed to the predic-
tions of the model, with mixed results. The amount of following by the
bats decreased with increasing environmental variability and increasing
probability of successful feeding, consistent with predictions 1-3 above.
However, Wilkinson and Boughman’s (1999) estimates of the values of
the parameters in the model put the bat populations in the region of the
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parameter space in which the model predicted no social learning (i.e., cir-
cumstances where bats should not have followed). This latter discrepancy
may result either from a weakness in the model or from inaccuracy in
the parameter estimates, and more innovative studies along the lines of
Wilkinson and Boughman (1999) are required to determine which expla-
nation is correction.

Given the comparatively embryonic nature of both the theory and
the exercise of testing it, we might anticipate that qualitative predic-
tions are more likely to be confirmed than precise quantitative model fit-
ting. For instance, it is extremely difficult to quantify in any absolute
sense the level of environmental variability in order to predict the oc-
currence of social learning, but any reliable measure of variability can be
used to assess whether there is a qualitative relationship with the inci-
dence of social learning. To determine whether a qualitative relationship
holds, it matters little whether the measure of environmental variabil-
ity is a complex multivariate formulae or a simple univariate character,
for instance variability in number of food items or the density of prey or
predators.

The prediction that social learning may be maladaptive (by which we
mean that the social learning trait has lower relative fitness than an al-
ternative) in an environment with rapid or sudden changes has been sub-
ject to controversy (Galef, 1995, 1996; Laland, 1996; Laland and Williams,
1998). Galef (1995, 1996) suggested that animals should not be expected
to acquire outdated or inappropriate skills from knowledgeable individ-
uals, even in a changeable environment, because the demonstrators will
rapidly adjust their behavior according to patterns of reinforcement in
the current environment. A debate has ensued on this issue, leading to
an empirical test of the models {Laland and Williams, 1998), and a result-
ing clarification of the meaning of the term “maladaptive social learning”
(see Table 2.1). In Laland and Williams’ experiment, founder populations
of fish were established that had been trained to take different routes to
a food, and then the founders were gradually replaced with naive ani-
mals in order todetermine whether the route preferences remained. There
were two routes to feed, with one route substantially longer than the other
and associated with an energetic cost. The long route was designed to rep-
resent an environment in which the optimal route to feed had suddenly
changed, with animals required to learn to track this change by switch-
ing preference. The experiment found that swimming with founders that
had a prior preference for the long route slowed down the rate at which
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Table 2.1. Is social learning adaptive?

Features of social learning Adaptive nature

The capacity for social learning This can be assumed to be adaptive in that it typically
generates fitness-enhancing behavior; if it had not
done so in the past it would not have evolved

Soctally transmitted information  This may or may not be adaptive. While socially
transmitted information is generally of utility, in
environments that are spatially or temporally
variable, individuals may acquire information from
others that is outdated or inappropriate

The behavior influenced by social ~ Such behavior is typically adaptive in animals. While

learning in humans socially learned behavior (e.g., use of
contraception) may reduce absolute fitness (that is,
the number of offspring an individual contributes to
the breeding population), there are few, if any,
known examples in nonhuman animals of socially
learned behavior that reduce absolute fitness

Traditions These may or may not be adaptive. In relatively slowly
changing, and comparatively homogeneous
environments, socially transmitted traditions will
typically approach the local optimum. However,
arbitrary or fitness-neutral behavior patterns may be
maintained as traditions indefinitely, while, in
environments that are spatially or temporally
variable, traditions may not track environmental
changes as effectively as individuals reliant on
asocial learning. Animals may sometimes be locked
into conventions in which deviations from the
traditional behavior are penalized

subjects adjusted to the new patterns of reinforcement in their environ-
ment, relative to fish that swim alone. If this finding applies to natural
populations of animals, where behavioral traditions lag behind environ-
mental fluctuations, the lag may be greater for animals that aggregate and
rely on social information than it would be for isolates. While the find-
ings of this experiment support the theoretical predictions, they should
be interpreted with caution. The experiment provide evidence for the so-
cial transmission of maladaptive information (i.e., take the long route),
and for a suboptimal behavioral tradition (for taking the long route), but
neither the behavior of the fish (where it pays to shoal for protection from
predators) nor the general capacity for social learning (which is typically
advantageous)should be described as maladaptive. Table 2.1 provides fur-
ther clarification of these distinctions.
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Giraldeau, Caraco and Valone (1994) developed a mathematical model
to explore how the costs and benefits of social learning are affected
by scrounging (acquiring food made accessible by others), motivated
by observations of social foraging in pigeons. They concentrated on
within-generation social learning of a trait that enhances resource pro-
duction, assuming both frequency-dependent asocial learning (which
decreases as a result of scrounging, as an animal that scrounges re-
duces its opportunity for learning through its own experiences) and
frequency-dependent social learning (which increases with the number
of demonstrators). The acquired trait results in an increased ability to
find resource clumps, relative to a baseline rate. Giraldeau et al. (1994)
found that social learning increased the expected number of individuals
foraging at the elevated rate relative to asocial learning, and with no
social learning there was a significant fitness cost to group foraging. They
hypothesized that the adaptive function of social learning may be to allow
individuals to circumvent some of the inhibitory effects that scrounging
has on individual learning of a foraging skill. This is an example of an
elegant piece of work in which theory and empirical findings have been
neatly combined to produce insightful and sometimes counterintuitive
results.

Itis easy to conceive of other factors that might affect reliance on social
learning and that might warrant both experimental and observational
studies with animals. For instance, is social learning more likely when
individuals are confronted with a complex rather than a simple problem?
Is the likelihood of social learning increased if the problem or context
is unfamiliar? Is social learning more likely in a threatening than in a
benign environment? Is social learning about resources more or less
likely in populations that compete for access for those resources? When
should animals actively transmit information to favor learning in others?
Is recruitment, or advertising of resource finds, likely to favor social
learning? We would like to encourage researchers to collect such data so
that they could then be incorporated into more sophisticated theoretical
treatments.

One further kind of empirical test of the aforementioned theory would
be particularly valuable. It would be of great interest to know to what ex-
tent the transmission or acquisition of socially learned information really
does affect fitness. Any case study that could provide a direct measure of
the reproductive advantage accrued by acquisition of a skill through social
learning, or even an indirect measure of fitness, such as foraging success,
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would be enormously valuable. For example, Terkel’s (1996) study of black
rats showed that social learning enables them to survive in pine forests,
while Beck and Galef(1989) provided evidence that social learning enables
young Norway rats to survive in environments where protein is hard to
find. This type of finding would not only allow the most direct testing of
theoretical predictions to-date but also may facilitate the development of
a new branch of theory employing a life-history approach, which may be
particularly amenable to field testing (Sibly, 1999).

2.2.2 How do novel learned traits spread through populations?

A second class of models predicts the pattern of spread of novel traits
as a result of social learning processes. Researchers have speculated as to
whether the shape of the diffusion curve may reveal something about the
learning processes involved. Most models predict that the diffusion of cul-
tural traits will exhibit a sigmoidal pattern over time, with the trait ini-
tially increasing in frequency slowly, then going through a period of rapid
spread, and finally tailing off (Boyd and Richerson, 1985; Cavalli-Sforza
and Feldman, 1981). The reason this pattern is anticipated is that as the
trait spreads the number of demonstrators increases (enhancing the op-
portunity for social learning in the remaining observing individuals), but
the number of individuals left to learn decreases. Early and late on in the
process, the opportunities for social learning are limited because there are
too few demonstrators and then too few observers, respectively; however,
growth is rapid during the intermediate stages.

Many researchers have been interested in whether it might be possible
to “reverse-engineer” from the dynamics of the diffusion processes to in-
fer about the processes responsible for them (see Ch. 10). Much discussion
has centered on whether the shape of the diffusion curve may allow so-
cial and asocial learning processes to be distinguished. It would certainly
be extremely useful if social learning of a trait within a particular ecolog-
ical context carried with it a signature pattern of diffusion that could be
easily distinguished, and this would throw a new light on field data for
the spread of innovations, such as potato washing in macaques. Unfortu-
nately, this discussion has been carried out from a position of almost total
ignorance of what patterns might be predicted if particular learning pro-
cesses are operating. Most strikingly, there has been little consideration
given as to what kind of diffusion curve might be expected when exclu-
sively asocial learning processes are in operating in a population. It would
seem that many researchers have assumed that asocial learning would
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result in a linear, nonacceleratory, or at least nonsigmoidal, increase in
frequency (Galef, 1991; Lefebvre, 1995a,b; Roper, 1986), which would allow
it readily to be distinguished from a diffusion dependent on social learn-
ing. For instance, Roper (1986) concluded that a sigmoid curve “rules out”
the possibility thatanimals are learning independently, while Galef (1991)
used the nonacceleratory characteristic of the spread of sweet potato wash-
ing in macaques to argue that social learning is not involved. Unfortu-
nately, it is easy to conceive of how asocial learning could generate a sig-
moidal pattern: if there is a normal distribution of learning ability, then
the trait would increase slowly initially as there are relatively few smart
individuals, then rapidly as the majority of learners of average ability ac-
quire the skill, and then the increase will fall off again when only the few
really slow learners are left (Lefebvre, 1995a). The assumption that aso-
cial learning will result in a linear increase over time ignores any normal
residual variation in learning rates that might exist between individuals.
Ironically, individual variability in learning has also been neglected in the
models of social learning, which raises the possibility that social learning
processes may not generate a sigmoidal diffusion after all. Better models
are badly needed. In our judgment, reasoning as to the nature of thelearn-
ing processes underlying the diffusion of an innovation on the basis of the
shape of its diffusion curve is premature in the absence of a truly satisfac-
tory body of theory that makes detailed predictions based on an extensive
modeling of the relevant processes. The suggestions that asocial learning
is likely to lead to linear increase over time and that only social learning
can generate acceleratory or sigmoidal diffusion should now be regarded
as discredited.

There have been various attempts to fit models to diffusion data, rang-
ing from formal curve fitting to casual argument, based on both exper-
imental and observational data collected in primates, birds, and fish. In
general, the sigmoid prediction of the models is not supported, which
could be interpreted to imply that the models are fine but that the animals
are not learning socially; however, in our judgment, this is much more
likely to reflect a weakness in the models, or the poverty of the data. The
diffusion curves for learned traits in natural populations exhibit a diver-
sity of patterns, including linear, exponential logarithmic, quadratic, and
hyperbolic sine functions, as well as some sigmoid patterns (Laland ez al.,
1996; Lefebvre, 19953,b; Reader, 2000; Reader and Laland, 2000).

Reasons for these discrepancies probably include (a) the models are too
simple, neglecting the effects of population’s social structure and directed
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social learning (Coussi-Korbel and Fragaszy, 1995); (b) the models do not
incorporate both social and asocial learning processes (Galef, 1995); and
(c) the data are largely unsatisfactory. Models are required that incorpo-
rate factors such as kin subgroups, the effect of age, social rank and gender
differences in information transmission, and competition for resources
(Laland ez al., 1996; Lefebvre and Giraldeau, 1994; Reader, 2000). Reader
(2000) showed that a hyperbolic sine function may have been the result of
a sex difference in learning performance among fish. Here each within-
sex population appeared to exhibit a sigmoidal pattern, but because the
females on average were substantially faster at learning than the males,
the curves were not aligned and combining the data resulted in a non-
sigmoidal pattern. Consequently, it is conceivable that the data and the
models can be reconciled when population structure and directed social
learning are considered.

There is also a problem with the impoverished nature of the data. In
virtually all cases, the diffusion curves are based on observations of a sin-
gle population, over long periods of time, and where there are no clues as
to whether social learning is operating. Reliable curves require replicate
populations exposed to the same novel trait. Experimental studies may
generate more useful data than isolated observations from the field, since
established methods can be employed to determine if there is evidence for
social learning, and because the same task can be presented to replicate
populations, increasing the reliability of the findings. We would partic-
ularly welcome diffusion studies in which trained demonstrators are in-
troduced into replicate populations with two alternative means of solv-
ing a problem. In addition, models require behavioral data that reflect or
measure the population structure, such as affiliative or aggressive interac-
tions and proximity between individuals. These approaches would gen-
erate data from which it is possible to establish whether social learning is
taking place, and perhaps who is learning from whom, while at the same
time generating reliable patterns of diffusion based on processes occur-
ring in many populations, not just one.’

In spite of these problems, there are still grounds to be upbeat about
the possibility of using diffusion data to interpret the underlying learn-
ing processes. Predictions based exclusively on the cumulatve number of

'We are currently engaged in developing more sophisticated models that we hope can be used by
researchers to elucidate the nature of the processes underlying the diffusion dynamics. We would
welcome collaboration with persons with suitable datasets so that the models can be developed as a
useful and practical deductive tool.
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individuals that express a trait over time utilize only a subset of the avail-
able information, and methods that take account of the distribution of
the trait in space and the relatedness and patterns of association of trait
users are likely to be more powerful. We are investigating two approaches
along these lines that may ultimately prove useful in distinguishing be-
tween behaviors that are learned with the aid of more or less social con-
tribution. The first is the use of agent-based models to assess whether the
spatial pattern of diffusion can provide information about the underly-
inglearning processes. This approach allocates rules as to how individual
agents behave and allows a population of agents to interact within a vir-
tual environment. We anticipate that socially transmitted behavior will
exhibit a more aggregated distribution and a weaker level of covariation
with ecological distributions than asocially learned behavior. The second
exploits the concept of directed social learning, examining whether the
route of transmission can reveal information about the transmission pro-
cesses. Although these analyses are ongoing, preliminary findings suggest
that simple statistical methods may prove useful in many instances (see
Section 2.3.1).

2.2.3 How does social learning affect the evolutionary process?

A great deal of theory has considered how social learning and tradition
might affect evolution by generating a second system of inheritance,
namely cultural inheritance, which can modify the selection pressures
acting on genes. In most cases, these models assume the stable cultural
transmission of information from one generation to the next over long
periods of time. For this reason, most of this theory is probably unlikely
to apply outside of hominids (see Feldman and Laland (1996) for a re-
view). Possible exceptions are theoretical models of mate-choice copying
(Kirkpatrick and Dugatkin, 1994; Laland, 1994), birdsong (Lachlan and
Slater,1999), and sexual imprinting(Laland, 1994). In all these cases, learn-
ingprocesses are predicted to generatestable selection pressures that favor
natural or sexual selection, and key assumptions of the models and theo-
retical predictions are ripe for the testing. For instance, White and Galef
(2000) have investigated mate-choice copying in quail and found that fe-
males that socially learn a preference for a particular male will general-
ize their preference to other males with the same plumage characteristics.
This experiment confirmed the plausibility of a key premise of the the-
oretical models that assume that mate-choice copying could drive sexual
selection.
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Lachlan and Slater (1999) have developed a “cultural trap” hypothesis
to explain why birdsong is learned, which they explore using a theoret-
ical model. Their hypothesis is based on the idea that alleles that widen
the “band width” over which songs are acquired by males and preferred
by females are more likely to invade an avian population than alleles that
narrow the band width. This is because when widening alleles are rare,
mutant “wide” males will copy the songs of “narrow” males and, there-
fore, will be at no selective disadvantage relative to such narrow males,
while wide females will mate with narrow males, and again be at no se-
lective disadvantage relative to narrow females. However, when narrow
alleles are rare, mutant narrow females will not recognize the songs of
some wide males, and the narrow allele will be selected against. Although
Lachlan and Slater’s model was developed with birds in mind, its find-
ings may generalize to aspects of the communication systems of other
taxonomic groups to the extent that these assumptions are justified. The
model assumes that male song preferences and female mating preferences
are based on the same alleles, that males choose the most frequently heard
song, that wide birds are no more likely than narrow birds to produce in-
appropriate songs or mate with heterospecifics, and that females do not
prefer some recognized songs over others.

Several contributors to this volume (notably Fragaszy and Perry (Ch. 1)
and, Russon (Ch. 12)) have placed emphasis on how social learning fa-
cilitates niche construction, that is, the ability of organisms to choose,
regulate, construct, and destroy important components of their environ-
ments, in the process changing the selection pressures to which they and
other organisms are exposed (Laland, Odling-Smee, and Feldman, zoo0;
Odling-Smee, 1988; Odling-Smee, Laland, and Feldman, 1996). In species
capable of social learning, tradition has greatly amplified the capacity for
niche construction and the ability to modify selection pressures. Laland,
Odling-Smee, and Feldman (2001) used gene—culture co-evolutionary
models to explore the evolutionary consequences of culturally generated
niche construction throughout hominid evolution. The analyses demon-
strated that socially learned niche construction will commonly generate
counter-selection that compensates for, or counteracts, a natural selec-
tion pressure in the environment (such as building a shelter to damp out
temperature extremes, or storing food to compensate for seasonal fluctu-
ations). A reasonable inference from such findings would be that compe-
tent niche constructors should be more resistant to genetic evolution in
response to autonomously changing environments than less-able niche
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constructors. As social learning enhances the capacity of animals to alter
their niches, it would seem plausible to infer that the niche construction
ofablesocial learners will be more flexible than that of other animals. This
theory has been used to develop a number of predictions about human
evolution. For instance, Laland ez al. (z000, z001) expect able social learn-
ers to show less of an evolutionary response in morphology to fluctuating
climates than other animals, assuming that the latter must have been less
well equipped than the former to invest in counteractive niche construc-
tion. Similarly, they expect more technologically advanced animals to ex-
hibit less of a response to climates than less technologically advanced ani-
mals. Bergmann’s and Allen’s rules (Gaston, Blackburn, and Spicer, 1998)
suggest that populations in warmer climates will be smaller bodied and
have bigger extremities than those in cooler climates. Able social learn-
ers should show less correspondence to these rules than other animals.
More generally, if sophisticated social learners have evolved more in re-
sponse toself-constructed selection pressures than other animals, and less
in response to selection pressures that stem from independent factors in
their environment, then such populations may have become increasingly
divorced from local ecological pressures. Related predictions can be made
concerning the relationship between social learning, range, and dispersal
{Odling-Smee, Laland, and Feldman, 2003).

As well as constructing a more stable environment, socially acquired
niche-constructing behavior can also generate environmental variation. A
theoretical analysis by Kendal {2002) considered the diffusion of a socially
learned foraging behavior causing variation in the presence of a novel
biotic resource, such as a plant species. Foraging depletes the resource,
limiting further demonstration of the behavior and, therefore, the diffu-
sion of the information. However, the resource can regrow at a rate that is
dependent upon the frequency of individuals that are not performing the
behavior (i.e. nonconsumers). Kendal found that such niche construction
could result in individuals that have learned the behavior but are unable
to perform it because they have caused resource depletion. Less intuitively,
if foraging upon the resource confers a selective advantage, reflected by an
increase in the birth rate, there are conditions under which the increase
ininformed individualsin the population can actually reduce the propor-
tion of the population performing the behavior. By monitoring the preva-
lence of socially learned foraging information and behavior through the
population and the prevalence of the resource, it should be possible to
test the influence of this “destructive” or “negative” niche-constructing
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behavior upon its own rate of transmission and the associated fitness
consequences.

2.3 Tractable but, as yet, neglected questions about social
learning where theory and empirical work could be
usefully integrated

2.3.1 How can social learning be established in the field?
Field conditions, and the nature of the data that field studies generate, do
notalwayslend themselves to drawing clear inferences about whether par-
ticular behavior patterns are socially learned. As a consequence, intra- and
interpopulation differences in behavioral repertoires resembling distinct
socially transmitted traditions are frequently vulnerable to alternative
“kill-joy” explanations. The primary alternative accounts are that (a) aso-
cial learning in response to differing ecological patterns or (b) genetic dif-
ferences underlie and explain much of the variation in behavior. While it
isdifficult to exclude these alternative explanations in absolute terms, ap-
propriate data collection would allow the feasibility of these alternatives
to beassessed and to be rejected if the probability that they can account for
the data is unrealistically small.

For illustration, consider the hypothetical example of the diffusion of
a novel behavior pattern depicted in Fig. 2.2. The two incidents where
offspring acquire the behavior prior to their parents, and eight occasions
where offspring have acquired a behavior that neither of their parents
have exhibited, renders a genetic account implausible (although geneti-
cally based developmental plasticity could possibly cause the offspring to
appear to exhibit the behavior before the parent). Moreover, the strong as-
sociations between the coefficient of association and time of learning (r =
0.61; p = 0.046)or (in cases where relatedness is a more tractable approxi-
mation of association) the degree of relatedness and time of learning (r =
0.805; p < 0.001) (see Fig. 2.2) are highly unlikely to arise though asocial
learning.? In general, a high concordance between the behavior of parent
and offspring might be interpreted as inconsistent with an asocial learn-
ing explanation and consistent with vertical social transmission. Here,

*If close associates experience similar environments and engage in the same learning as a direct result
of their association, we regard this as social rather than asocial learning. However, convergent asocial
learning may arise in situations where only a subsection of the population is exposed to relevant
resources and hence the statistics will only be applicable in situations when al individuals are
exposed to aspects of the environment that afford learning.
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the failure to find a significant relationship between the behavior of par-
ents and offspring (r? = 0.98; degrees of freedom (df) =1, p > 0.05; see
Fig. 2.2) suggests that a parental influence on learning does not explain
the diffusion, and that horizontal or oblique processes are more impor-
tant. Therefore, simply by having access to good pedigree and diffusion
data, alternatives to the social learning explanation can be dismissed. Of
course, genuine data will rarely be as clear cut as depicted in Fig. 2.2, but
nonetheless there are likely to be occasions where such methods can be
employed (see for instance Ch. 9). Experimental data from laboratory or
captive studies estimating the probability of asocial learning could also
be used to assess the probability that a particular pattern of diffusion or
level of incidence is explicable in terms of asocial processes. For instance, if
animals produce the novel behavior through asocial processes with prob-
ability 0.1, then the likelihood of finding 12 individuals in a population
of 30 exhibiting the behavior as a consequence of asocial processes is esti-
mated to be vanishingly small (r* = 30; df = 1; p < 0.0001; see Fig. 2.2).
As the probability of asocial learning will depend on the time frame in
which isolated animals are tested, we suggest that the researchers would
be well advised to err on the side of longer rather than shorter time frames,
such that subsequent estimates in populations are conservative. We are
currently undertaking a more detailed analysis designed to establish more
powerful statistical methods for distinguishing between patterns of in-
cidence resulting from genetic inheritance, asocial learning, and social
transmission.

2.3.2 Which processes of social interaction facilitate and which
impede diffusion?

Afeature of recentempirical work on animal social learning is the observa-
tion that learned information can be directed through populations, with
diffusion dependent on the social rank, gender, age, or size of demon-
strator and observer (Coussi-Korbel and Fragaszy, 1995). There is a need
for models that take account of this directed social learning and popu-
lation structure. The methods for developing such models are well es-
tablished (Cavalli-Sforza and Feldman, 1981), but complex. As mentioned
above, such models would be valuable from the perspective of making
sense of patterns of diffusion. However, the models could serve other func-
tions, for instance delineating the pathways by which information and
skills spread through animal populations and predicting which variables
are most likely to affect the diffusion process. Empirical scientists could
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Positions in diffusion chain
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Time taken for diffusion of behavior 2 1 4 1 4 2 5 6 1 12 4
Degree of association 0.5 0.7 0.2 0.3 0.1 0.4 0.1 0.1 0.8 0.1 0.7
Coefficient of relatedness 0.5 0.5 0.25 0.5 0.25 0.5 o] o] 0.5 o] 0.5

Fig. 2.2. Ahypothetical dataset, where the numbers in the pedigree indicate the days on which animals were first observed performing the novel behavior.
Read down each column for the mesurements partaining to the individual that acquired the behavior on a particular day and the previous individual to
have acquired the behavior. For instance, on day 1, the female on the extreme left of the figure was first observed performing the behavior, followed by her
sister 2 days later. These two individuals occupy positions 1—2 in the diffusion chain. The time taken for the diffusion (i.e. for the trait to spread from the first
to the second individual) is 2 days. These two individuals had been observed to have spent approximately 50% of their time together (degree of association,
0.5) and share 50% of their genes (coefficient of relatedness, 0.5). The dataset is used as follows to calculate the simple statistics referred to in the text.
Directed social learning statistics: a simple regression of the time taken for diffusion of behavior upon the degree of association (r = 0.61; p = 0.045) and
coefficient of relatedness (r = 0.805; p < 0.001), respectively. Vertical transmission statistic: a chi-squared test comparing observed numbers of offspring
with the behavior whose parents have (six out of eight) and have not (four out of ten) performed the behavior, with the respective expected number of
offspring performing the behavior (0.55 x 8 and 0.55 x 10 respectively), calculated from the overall mean fraction of offspring that have performed the
behavior((6 + 4)/(8 + 10) = 0.55). Asocial/social learning statistic: given thatina population of 30 animals, each animal hasan independent asocial learning
probability of 0.1, a chi-squared test comparing the observed incidence of animals that have and have not performed the behavior against the expected
numbers with (0.1 x 30 = 3)and without (30 — (0.1 x 30) = 27) the behavior.
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contribute by providing data on the probability of information trans-
mission between classes of individual.

Where animal populations have a demicstructure, it would be useful to
utilize and develop further models for the transmission of socially learned
traits within and between populations {e.g., Cavalli-Sforza and Feldman,
1981; stepping stone models). This would allow us to explore whether the
migration of individuals or the diffusion of ideas is responsible when a
learned trait spreads from one population to the next. Field researchers
could contribute by collating data onlevels of migration, as well as sex and
age differences in emigration. For instance, where there is directed social
learning, if one sex is more effective at transmitting or receiving informa-
tion than the other, it may make a big difference to the diffusion process
if the species concerned is patrilocal or matrilocal.

2.3.3 Who are the innovators?

When a novel behavior spreads through an animal population by social
learning, frequently one individual (the innovator) will have started off
the process. The question of which individuals innovate to solve new
problems or invent new behavior patterns is now beginning to receive
some attention (Kummer and Goodall, 1985; Laland and Reader, 1999a,b;
Lee, 1991; Reader and Laland, 2003). It would seem that the adage neces-
sity is the mother of invention is not inappropriate. Observations of primates,
birds, and fish suggest that innovators are frequently individuals of low
dominance status, small size, or poor competitive ability, for whom the
established risk-averse strategies are not productive and who are driven to
innovate out of hunger or alack of success in some other domain (Kummer
and Goodall, 1985; Laland and Reader, 1999b; Reader, z000). As innova-
tion would appear to depend more on economics than genius, the find-
ingsraise the possibility that it may be possible to extend optimal foraging
or state-dependent models to carry out a cost-benefit analysis of when it
should pay an individual to innovate. Dewar (Ch. 5) has carried out a sim-
ilar analysis to determine when it should pay an individual to attend to
social aids to learning (see also Chs. 10 and 11}.

2.3.4 Are the differences between the behavioral traditions of
distinct populations independent of ecological constraints?
With reliable continuous data on the incidence of both relevant ecological
variables and purported cultural traits within and between populations,
it should be possible to use statistical analyses such as multiple regression
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to determine the proportion of the variance for a given trait that can be
attributed to environmental factors and that which can be attributed to
cultural history. This type of study has already been carried out inhuman
populations. For instance, Guglielmino et al. (1995) examined variation
in cultural traits among 277 contemporary African societies and found
that most traits examined correlated with cultural history rather than
with ecology. Such findings suggest that most human behavioral traits are
maintained in populations as distinct cultural traditions rather than be-
ing evoked by the natural environment. We suggest that a similar study
could be performed on nonhuman traditions.

2.3.5 Is social learning an adaptive specialization?

Lefebvreand Giraldeau (1996) have presented an excellent account on how
this question may be addressed empirically. This could readily be com-
plemented by a theoretical analysis. By collecting data on the incidence
of social learning in each species across a broad taxonomic group (e.g.,
nonhuman primates) and plotting this against pertinent variables (e.g.,
group size, diet, etc.) using the relevant comparative techniques (Harvey
and Pagel, 1991}, it should be possible to test whether social learning is as-
sociated with particular ecological or demographic variables (see Ch. 3 for
an illustration of this method).

2.4 Conclusions

There are rich opportunities for theoreticians to develop models of rele-
vance and utility to empirical scientists in the field of animal social learn-
ing and traditions. There is also a need for researchers to collect data that
can inform the development of theoretical models by testing their as-
sumptions and predictions. We have tried to outline how these two ap-
proaches can be further integrated and hope that other researchers will
take up our call for fruitful cooperation.
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3

Relative brain size and the distribution of
innovation and social learning across the
nonhuman primates

The history of comparative learning could simply be classified as dis-
appointing. The comparative psychologist often appears to know little
more than the grade school child who would rather have a pet dog than
bird, or bird thanfish, or fish than worm, simply because they make bet-
ter friends, as they can be taught more. This state of affairs did not arise
without considerable effort.

RIDDELL, 1979, P. 95

3.1 Introduction

Ecology and “intelligence” are two commonly invoked explanations for
species differences in the reliance on socially learned traditions, yet we
know little about how social learning evolved. Here, I examine hypotheses
for the evolution and evolutionary consequences of social learning and de-
tail possible routes to address these ideas. I will test social and ecological
hypotheses for primate brain evolution to illustrate possible approaches
to the study of traditions. This chapter explores cognitive, ecological, and
life-history variables that may accompany a propensity for social learning,
specifically, the roles of brain size and social group size. I also examine the
distribution of innovations and tool use across the nonhuman primates,
to determine how these aspects of behavioral plasticity are associated
with social learning and to explore the relationship between asocial and
social learning. Such analyses can provide important clues as to whether
we can sensibly talk about the “evolution of traditions”, or whether an
increased reliance on social learning is simply a by-product of selection
for generalized learning abilities.
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3.1.1 Innovation, cultural transmission, and brain size
Links between cultural transmission, innovation, brain size, and the rate
of genetic evolution have been proposed by several authors (Lefebvreetal.,
1997; Wilson, 1985, 1991; Wyles, Kunkel, and Wilson, 1983). Cultural trans-
mission refers to socially learned behavior patterns, whereas behavioral
innovation is the expression of a new skill in a particular individual,
leading it to exploit the environment in a new way (Wyles et al., 1983).
Wilson (1985) developed the “behavioral drive” hypothesis, arguing that
episodes of innovation and cultural transmission are more frequent in
large-brained species, exposing these species to novel selective pressures
and so increasing the rate of evolution in these taxa: “By suddenly ex-
ploiting the environment in a new way, a big-brained species quickly sub-
jects itself to new selection pressures that foster the fixation of mutations
complementary to the new habit” (Wilson, 1985, p. 156). Wilson thus as-
sumed that an extensive reliance on innovation and social learning would
require a large brain, and though he is not explicit on exactly why this
should be the case, it seems likely he believes that innovation and social
learning typically require complex cognitive processing that can only be
accommodated by increases in brain size (Wilson, 1991). Let us take milk
bottle opening in British birds as an example to illustrate the behavioral
drive hypothesis. Milk bottle opening spread across mainland Britainand
Ireland through a combination of independent innovation events and
social learning processes (Fisher and Hinde, 1949; Hinde and Fisher, 19515
Lefebvre, 1995; Sherry and Galef, 1984, 1990). We could imagine that the
birds were thus exposed to the novel selection pressure of digesting cream,
which could have affected theirsubsequentevolution. In humans, thelink
between the cultural trait of dairy farming and expression of the gene for
lactase in adults has been well established (Feldman and Laland, 19965
Holden and Mace, 1997), which supports the view that behavior can influ-
ence the course of evolution. The Baldwin effect (Baldwin, 1896; Bateson,
1988; Plotkin, 1994) is 2 mechanism that may also accelerate evolutionary
rates in species exposing themselves to novel selection pressures (Hinton
and Nolan, 1980; but see Ancel, 1999) and thus is similar in spirit to the be-
havioral drive hypothesis. Bateson (1988) describes other examples of the
active role of behavior in evolution. However, Laland (1992 and Ch. 2) de-
tails theoretical models that show social transmission may slow evolution-
ary rates as well as speed them up through changing selection pressures.
The behavioral drive hypothesis is of particular interest to us here since
it(a) predicts alink between brain size and social learning and (b) suggests
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that one consequence of an increased reliance on traditions and social
learning could be changes in evolutionary rate. This second element of the
hypothesis has received limited support from Wyles et al. (1983), who pro-
vided examples of high rates of anatomical evolution in taxonomic groups
of large relative brain size (such as songbirds and Homo sapiens). However,
it is the first element of the hypothesis that is relevant to our aim here,
that is to test explanations for the distribution of social learning and in-
novation between taxa. This prediction that species with larger volumes
of the relevant brain structures will show greater behavioral flexibility is
widely held (Lefebvre et al., 1997) but currently contentious. For exam-
ple, Byrne and Whiten (1992, p. 609) state, “It is still a matter of dispute
whether relative brain size is predictive of intelligence even in extant
animals”, and Byrne (1993, p. 696)laments, “We cannot yet even claim that
having a larger brain gives a primate greater intelligence of any kind”.

Thereareserious difficulties in making comparative estimates of learn-
ing and cognition. Comparative experimental studies require a test fair to
all species, yet species differ widely in their reliance on different sensory
modalities, in their neophobia, in their response to humans, and in in-
numerable other characteristics that make construction of a fair test
highly problematic (Byrne, 1992; Deaner, Nunn, and van Schaik, 2000;
Essock-Vitale and Seyfarth, 1987; Gibson, 1999; Lefebvre and Giraldeau,
1996). Hence the results of comparative cognitive tests are hard to
interpret. Comparative tests also require the testing of a large number of
species, which is difficult using traditional tests of learning ability. A novel
approach is needed.

Giventhese problems in interpreting comparative tests of learning and
cognition, Lefebvre et al. (1997) recently suggested, after Wyles et al. (1983),
that behavioral innovation could be an alternative measure of behavioral
plasticity. Behavioral plasticity, the capacity to modify behavior, is a type
of phenotypic plasticity, that is “changeability” or the capacity of a partic-
ular genotype to produce a different phenotype in response to a change
in the environment (Bateson, 1983; Bateson and Martin, 1999; Schlichting
and Pigliucci, 1998). Both innovation and social learning will be compo-
nents of behavioral plasticity, since both allow modification of the be-
havioral repertoire. Lefebvre et al. (1997) estimated innovation frequencies
in birds by collecting published reports of opportunistic foraging inno-
vations. Relative innovation frequency correlated with relative forebrain
size, specifically the size of the hyperstriatum ventrale, the avian equiv-
alent of the mammalian neocortex (Timmermans et al., 2000). Lefebvre
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and coworkers thus confirmed the predicted link between innovation
and brain size (Wilson, 1985; Wyles et al., 1983). Sol and Lefebvre (Sol and
Lefebvre, 2000; Sol, Lefebvre, and Timmermans, 2002) continued this
work, demonstrating a link between forebrain size, foraging innovation
frequency, and the invasion success of introduced birds, which supports
the hypothesis of Lee (1991) that behavioral flexibility may radically affect
the survival chances of animals under new conditions. Lefebvre et al. (1997,
pp- 557-558) make a good case for using the innovation measure:

Animals are judged not on their relative performance on an
anthropocentric test, but on opportunistic departures from their
species norm. They are not forced to perform in a captive situation that
is often artificial and aversive for them, but spontaneously
demonstrate changes in whatever foraging situations are relevant to
them in the field. The estimate of plasticity . . . is objective, exhaustive,
quantitative, ecologically relevant, non-anthropocentric [and provides}
large scale data on many species.

We can make use of this methodology to examine species differences
in social learning propensities. I conducted an analysis of the nonhuman
primate literature to examine further links between behavioral flexibility
and brain evolution, and to incorporate the role of social learning. Gibson
(1999, p. 353) has reported a need for such studies, noting that, “Unfor-
tunately, no studies have attempted to determine whether EQ_[a mea-
sure of relative brain size] or absolute brain size correlates with any
measures of social learning”. T collected observations of social learning
and tool use, as well as innovation, and, unlike Lefebvre et al. (1997),
collected examples from all behavioral contexts rather than just forag-
ing behaviors. T also corrected for phylogeny and the research effort into
each species. However, while it seems reasonable to utilize published re-
ports of innovation or tool use to estimate species differences in these
behavior patterns, the use of social learning reports is more controver-
sial. As several authors note in this volume (see Chs. 1, 4 and 6), so-
cial learning will often be an inferred process rather than an established
factif there is no supporting experimental evidence. If researchers’ will-
ingness to classify an observed behavior pattern as socially learned hap-
pens to correlate with some other variable of interest, such as brain
size, then there is the risk of finding erroneous relationships. What,
then, to do? The social learning measure used here is not perfect but is
the best measure available at present, and T hope by demonstrating the
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utility of such estimates I will prompt the development of new, improved
methods.

There are several reasons why nonhuman primates are a particularly
suitable group with which to test hypotheses concerning the distribution
of traditions amongst mammalian species. First, there is a large behav-
ioral literature on this order, with a number of journals specializing in
primate research. Second, the primate phylogeny is reasonably well re-
solved: Purvis (1995) has constructed a composite phylogeny made up of
112 previously published trees. Third, data on brain size and the volumes
of various brain structures such as the neocortex and striatum are available
(Stephan, Frahm, and Baron, 1981; Zilles and Rehkamper, 1988). Quantita-
tive data on the volume of brain structures, rather than total brain size or
cranial capacity, are important to the analyses for the reasons described
below. Fourth, primate species show great variation in diet and social
structure (Dixson, 1998), and so primatologists argue that they are partic-
ularly suitable for comparative studies of “intelligence” (Byrne, 1992).

3.1.2 Measures of brain size and intelligence

3.1.2.1 Do brains evolve as unitary structures?

What is the best measure of brain size? Several authors maintain it is the
areas of the brain involved in the behaviors of interest that should be ex-
amined, rather than total brain size, since the brain has not evolved as
a unitary structure (Barton and Harvey, 2000; Harvey and Krebs, 1990;
Keverne, Martel, and Nevison, 1996; Purvis, 1992). Barton, an advocate of
examining individual neural systems and their response to specific eco-
logical demands, has demonstrated relationships in primates between
neocortex size and frugivory and neocortex size and social group size, and
has also demonstrated trade offs between visual and olfactory processing
structures in primates and insectivores (Barton, 1993; Barton and Dunbar,
1997; Barton and Purvis, 1994; Barton, Purvis, and Harvey, 1995). Keverne
et al. (1996) show trade offs between the “executive” (neocortex, striatum)
and “emotional” (hypothalamus, septum) brain in primates, and food-
storing birds are known to have enlarged hippocampi but similar over-
all brain sizes to nonstoring birds (Harvey and Krebs, 1990; Krebs ¢t al.,
1989). The neocortex has received attention from researchers studying
the social intelligence hypothesis (Byrne, 1993; Dunbar, 1993a; Sawaguchi
and Kudo, 1990) and the role of the complexity of the ecological niche in
brain evolution (Jolicoeur et al., 1984). The neural processing underlying
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innovation and social learning is likely to reside in the neocortex and
striatum, or “executive” brain (Jolicoeur et al., 1984; Keverne et al., 1996).
Itis the role of this brain region that is examined in detail here.

3.1.2.2 Brain size and body size

Large-bodied species tend to have large brains (Byrne, 1992), so it would
seem important to correct for body size. However, there is controversy over
whether absolute or relative measures are more appropriate and, if relative
measures are used, the best method of accounting for body size (Barton,
1999). Well-known measures of relative brain size include the encephal-
ization quotient (EQ), calculated as the residuals from a graph of the log-
arithm (log) of brain size against log body size (Dunbar, 1993b; Jerison,
1973) and the progression index, the ratio of neocortex or brain size to
that predicted, for example, for a basal insectivore of same body size as the
species of interest (Jolicoeur et al., 1984). Sawaguchi and Kudo (1990) as-
sessed the relative size of the neocortex in a given congeneric group as the
difference between actual neocortical volume and the volume expected
from an allometric relationship between neocortical volume and the vol-
ume of the rest of the brain. Keverne et al. (1996) examined the executive
brain (neocortex and striatum) and the emotional brain (hypothalamus
and septum), regressing these brain volumes on the brainstem and taking
residuals to examine variation independent of total brain size. Lefebvre
etal. (1997) took two measures of relative forebrain size in birds, forebrain
mass divided by the brainstem mass of a galliform (the assumed primitive
state in birds) of equivalent body mass, and, for a measure independent of
the galliform baseline, the forebrain mass divided by the brainstem mass.
These few examples illustrate the large number of competing measures of
brain size.

In 2 number of lucid papers, Barton and his coworkers have described
the various problems with relative brain measures (Barton, 1993, 1996,
1999; Barton and Dunbar, 1997; Barton and Purvis, 1994; Barton et al.,
1995). Since body mass is a rather inaccurate measure of body size, mea-
sures such as lifespan and metabolic rate may correlate with brain size
better than body weight simply because they are more accurate indices of
bodysize (Barton,1999). Regression to remove body mass as a variable con-
founds the problem, since it adds a correlated error to each variable and
so increases the chance of finding a spurious positive correlation. Barton
(1999) concluded that the results of analyses including body mass should
be “treated with caution”. Gittleman (1986) attempted to circumvent this
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problem by using head and body length as a measure of body size, which
avoids the problem of different gut weights, for example, but does not by-
pass the obstacle of measurement error. A further problem is that body
size may be more evolutionary labile than brain size, so that rather than
measuring encephalization we may, in fact, be measuring decreases in
body size (Byrne, 1992; Dunbar, 1993a). However, Deaner and Nunn (1999)
argued that there is little evidence that brain size has lagged behind body
size over evolutionary time.

An alternative approach is to use the size of the brain itself as a refer-
ence variable. Including total brain weight as an independent variable is
problematic where the structure of interest, such as the primate neocor-
tex, makes up a large proportion of the brain (Byrne and Whiten, 1992).
Hence using the size of the rest of the brain (‘complement’) is often the
most appropriate technique (Barton, 1999; Purvis, 1992). Of course, this
method will be unable to distinguish between an increase in neocortical
size and a decrease in the size of the rest of the brain. Another possible ref-
erence variableis thesize of a brain area assumed to be “primitive”, such as
the brainstem, on the assumption that such areas are evolutionary con-
servative (Barton and Dunbar, 1997; Keverne et al., 1996). Again, caution
is recommended, since even so-called primitive brain areas may have been
subject to differential selective pressures (Barton and Dunbar, 1997). How-
ever, it is often reasonable to assume that decreases in the size of the rest
of the brain or the brainstem over the course of evolution are unlikely, and
techniques using these reference variables are now widely used and are
often the best compromise.

The relative brain size approach treats species with identical relative
brain sizes but different amounts of brain tissue as the same and so
assumes that absolute volume of brain tissue is irrelevant (Byrne and
Whiten, 1992). The presumption that what is important is the percentage
of extra neural capacity over that “minimally required to service sensory
and motor systems” (Byrne, 1992) would appear to be at odds with
computing theory, where computing power is largely determined by
the absolute number of computing elements (Byrne, 1992, 1993; Byrne
and Whiten, 1992). If brains work like computers (and many argue they
do not), absolute size may be a better measure of “computing power”.
Rensch (1956, 1957), for example, hypothesized that absolute brain size
is positively correlated with greater learning capacities and provided
evidence that elephants perform better than smaller-brained zebras
and asses in discrimination learning tasks. Gibson (1999) argued that
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experimental primate studies indicated that absolute brain size, but not
EQ, correlated with performance in learning tasks measuring mental
flexibility. By this logic, the learning abilities of whales or elephants
should be greater than that of humans.

Perhaps more reasonably, Byrne (1992) argued that what matters most
is the absolute volume of neural tissue free for computation, suggest-
ing as a suitable measure the ratio of neocortex to the rest of the brain:
Dunbar’s “neocortical ratio” (Aiello and Dunbar, 1993; Dunbar, 1992,
1993b). Dunbar (1992, 1993b) noted that this brain measure provided the
best fit to the data on primate group sizes and advocated the use of this
measure for tests of alternative hypotheses regarding brain evolution in
primates. Neocortex ratio is also related to the frequency of tactical de-
ception in primates (Byrne 1992, 1993; Byrne and Whiten, 1992). Hence
neocortex ratio seems to work as a correlate of hypothesized indicators of
“intelligence”. However, neocortex ratio has been accused of obscuring or
“smuggling in” body size confounds as a dimensionless variable (Deacon,
1993). The neocortex ratio does not completely remove the effect of body
size, because neocortex size increases with body size more rapidly than the
rest of the brain (Barton, 1993; Byrne, 1993).

In summary, a large number of measures have been used to compare
brain size. Virtually all of these measures have methodological weak-
nesses, and all make different assumptions about the most appropriate
way to measure the brain; consequently, the brain measure chosen will
reflect a hypothesis concerning what underlies intelligence. In the stud-
ies described below, I have used three measures to reflect the different
hypotheses described above. These are the executive brain ratio (execu-
tive brain volume over brainstem), the absolute executive brain volume,
and what I term residual executive brain volume, which can be visual-
ized as the residuals from a natural log-log plot of executive brain volume
against brainstem. The residual descriptor is a convenience of terminol-
ogy, as residuals were not calculated explicitly but instead brainstem was
included in a multiple regression with executive brain volume and the
behavioral measure of interest. The latter measure could be considered the
most stringent method of accounting for body size.

3.1.3 Correcting for phylogeny

Species may show similar characteristics simply because they are closely
related rather than because they have evolved independently under sim-
ilar selection pressures. For example, imagine that new genetic data had
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resulted in reclassification of the common chimpanzee, and this species
was now considered to be 10 species. The common chimpanzee has alarge
relative brain size, and more reports of social learning, innovation, and
tool use (relative to research effort) are made for this species than for any
other nonhuman primate (see Section 3.3.3). The reclassification of the
chimpanzee would result in a cluster of points in the top right of a plot of
relative brain size against relative social learning frequency. This cluster
of points would not represent 10 independent cases of the co-evolution of
large brains and social learning but, more likely, would represent one
evolutionary event in the ancestor of the 10 species. Treating species
as independent data points can reduce the chances of finding the true
evolutionary relationship between brain size and social learning fre-
quency. Hence it is essential to consider phylogeny when conducting com-
parative analyses of this type (Barton, 1999; Harvey and Pagel, 1991).

Anumber of techniques have been developed to incorporate phylogeny
into comparative analyses and to account for the fact that species can often
not be treated as independent data points, since this would overestimate
the degrees of freedom (Harvey and Pagel, 1991). Some studies cope with
this demand by simply conducting the analysis at a higher taxonomic
level, such as the genus (e.g., Dunbar, 1992), the subfamily (e.g., Harvey,
Martin, and Clutton-Brock, 1987), or the order (e.g., Lefebvre et al., 1997).
Choosing the appropriate taxonomic level is often a rather ad hoc process,
though statistical techniques are available (Harvey and Pagel, 1991). Such
procedures reduce rather than solve the problem and are vulnerable to
both type I and type Il errors.

An alternative approach is to take independent contrasts, now often
the method of choice for comparative studies (Harvey and Pagel, 1991;
Harvey and Purvis, 1991; but see Harvey and Rambaut, 2000; Pagel, 1999).
For each variable of interest, comparisons are made at each pair of nodes
in a bifurcating phylogeny. While the character at each pair of nodes may
not be independent of common ancestry, the difference between them
is assumed to be (Felsenstein, 198s). For example, if two sister species
had relative brain sizes of 10.7 and 6.7, we would assume the difference
between them (4.0) was the result of independent evolution in the two
lineages subsequent to a speciation event. This difference score, stan-
dardized, would be one contrast, one piece of information in our analysis.
The sets of independent comparisons can be correlated with each other
by regression through the origin to determine whether the two variables
have evolved together. The CAIC (comparative analysis by independent
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contrasts) computer program (Purvis and Rambaut, 1995) is one widely
used implementation of this technique. Uncertainties about branch
lengths or phylogeny are not sufficient justification for treating species
as independent data points since studies show that CAIC performs
reasonably well under these conditions and makes fewer type I errors
than across-species analyses, even when the phylogeny is very inaccurate
(Martins, 1993; Purvis, Gittleman, and Luh, 1994; Purvis and Rambaut,
1995). Purvis and Webster (1999) give a highly readable, primate-
orientated description of the logic behind independent contrast analyses
that is recommended to readers left unsatisfied by the necessarily short
description given here.

3.1.4 Innovation, asocial and social learning
It is still an open question as to whether a binary distinction can be
made between social learning and asocial learning. Some authors view
social learning as a subcategory of asocial learning, predicting that social
learning will covary across species with general behavioral flexibility
(Galef, 1992; Laland and Plotkin, 1992; Lefebvre and Giraldeau, 1996).
Heyes (1994), forexample, argues that social and asocial learning processes
share similar mechanisms, and Fragaszy and Perry take a similar stance in
Ch. 1. These authors would predict a positive correlation between asocial
and social learningcompetence. This would mean that hypotheses regard-
ing the distribution of asocial learning or behavioral plasticity across taxa
may also be applicable to the distribution of social learning propensities.
Other authors suggest or assume that there may be a trade off between
individual learning and social learning abilities (Boyd and Richerson,
1985, 2000; Richerson and Boyd, 2000; Rogers, 1988), predicting a negative
correlation between the two, rather like the negative relationship found
between spatial and nonspatial learning competence in food-caching
birds (Lefebvre and Giraldeau, 1996). Asocial learning and social learning
are viewed by some as different, domain-specific, special-purpose adaptive
mechanisms (Giraldeau, Caraco, and Valone, 1994; Tooby and Cosmides,
1989). Sometimes implicit in this view is the assumption that social learn-
ing is dependent on a specialized neural substrate at least partly separate
from that required for asocial learning. There is currently little compar-
ative evidence that social learning is an adaptive specialization to partic-
ular environmental demands (Lefebvre and Giraldeau, 1996). The results
described here are based on the assumption that innovation is, at least
partly, amanifestation of asocial learning, since in many cases innovations
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reported in the literature will be the result of an initial discovery process
(which may in itself require learning about the affordances of an object,
for example) and subsequentlearning. Therefore, the index of innovation
frequencies can be used to test hypotheses regarding the co-evolution of
asocial and social learning.

3.1.5 Tool use and social learning

Tool use has traditionally been defined as the use of an external object that
is detached from the substrate and held in the hand or mouth to obtain
an immediate goal (Beck, 1980; van Lawick-Goodall, 1970). Commonly,
but by no means universally, tool use has been considered as requiring
complex cognitive abilities (Beck, 1980; Shettleworth, 1998; van Schaik,
Deaner, and Merrill, 1999). “Technical intelligence” hypotheses that ar-
gue that technology or technical skills drove brain evolution would sug-
gest that alarge brain would be associated with tool use (Byrne, 1992,1997;
Passingham, 1982). Lefebvre, Nicolakakis, and Boire {(2002) have presented
evidence in support of this view, with avian taxa that frequently use tools
having larger relative brain sizes than taxa that use tools less often. The
frequency of reported tool use may be a useful measure of cognitive abil-
ity. Often a behavior pattern involving a tool will be novel, in which case
it can also be classified as an innovation, but in many cases this will not be
the case and so tool-use frequency can be regarded as a separate index of
behavioral flexibility.

Van Schaik and coworkers (1999; see Ch. 11) have argued that social
learning abilities are amongst the key determinants of primate tool use
in the wild. So, we would expect species that exhibit a high incidence of
social learning to also show high tool-using frequencies, an idea that can
be easily tested. Van Schaik et al. (1999) also cite invention as a likely co-
variable of tool use that, like social learning, allows the rapid acquisition
of complex technical skills. Again, we can test this idea here and also
examine the relationship between brain size and tool use in primates.

3.1.6 Social learning, group size, and social intelligence
hypotheses

Species that live a gregarious lifestyle have frequently been predicted to

rely more on social learning processes than solitary species (Lee, 1991;

Lefebvre and Giraldeau, 1996; Lefebvre et al., 1996; Reader and Lefebvre,

2001; Roper, 1986). There have been few large-scale comparative tests of

this theory, indeed Lefebvre ¢t al. (1996) noted that only three research
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programs have tested for species differences in social learning (Cambefort,
1981; Jouventin, Pasteur, and Cambefort, 1976; Klopfer, 1961; Sasvari, 1979,
1985). Relevant to this are the social (or Machiavellian) intelligence
hypotheses (Byrne and Whiten, 1988; Flinn, 1997; Humpbhrey, 1976; Jolly,
1966; Whiten and Byrne, 1997), which argue that the large brains of pri-
mates evolved as an adaptation to living in large, complex social groups.
Byrne and Whiten (1997) distinguished “narrow Machiavellianism”, the
idea that it is selection for strategies of social manipulation or decep-
tion that has driven primate brain evolution, from their own broader
use of the term “Machiavellian intelligence”, which includes all forms
of social intelligence. There is considerable evidence that relative
neocortex size is positively correlated with social group size in primates,
carnivores, and cetaceans (Barton, 1999; but see Connor, Mack, and Tyack,
1998 on the cetacean data) so it is important to take brain size into account
when testing relationships between social learning frequency and social
group size.

In summary, the following sections investigate (a) whether the relative
frequencies of social learning, innovation, and tool use are related to
executive brain size; (b) whether rates of innovation and social learning
covary; and (c) whether the incidence of social learning correlates with
social group size.

3.2 Methods and data analysis

3.2.1 Overview

Back issues of primate journals and the social learning literature were
searched for examples of innovation, social learning, and tool use.
Lefebvre et al. (1997) used keywords to define examples of foraging behav-
iors as innovations and a similar approach was used here. For example,
if the author or editor classified a behavior as “opportunistic” or “never
seen before” in that species, this behavior pattern was scored as an inno-
vation. By leaving such judgments to the authors, this approach aims to
avoid any subjective bias imposed through data collection. Data on the
identity of the individual(s) performing the behavior pattern and the cir-
cumstances of the behavior are described in Reader and Laland (2001). For
eacharticleexamined in thefour primate journals, the species studied was
noted, regardless of whether that article contained an example of one of
the behavior patterns of interest. This count of the number of studies on

67



68

S. M. Reader

Table 3.1. Journals examined in the primate study

Journal Volumes  Years covered
American Journal of Primatology 39—41 1996-1997
International Journal of Primatology  17-18 1996-1997
Folia Primatologica 15-68 1971-1997
Primates 32-38 1991-1997

each species allowed an estimate of research effort to be made. Whiten and
Byrne collected “opportunistic observations™ of tactical deception (Byrne,
1993; Byrne and Whiten, 1992; Whiten and Byrne, 1988), advocating such
an approach when the behavior of interest is rarely performed and em-
phasizing that the reports were not uninformed casual observations (or
“anecdotes™) but come from experienced scientists familiar with their
subjects. A similar assertion applies here. However, Byrne and Whiten
(1992) cautioned that in any such exercise there is no way of dissociating
the tendency for scientists with particular interests, such as deception,
to study species they consider “appropriate”. Consequently, the collected
data may still be vulnerable to biases.

3.2.2 Data sources

3.2.2.1 Literature

Approximately 1000 articles in four primate journals (Primates, American
Journal of Primatology, Folia Primatologica and the International Journal of
Primatology) were searched for examples of innovation, social learning,
and tool use. Examples were also taken from relevant literature. Examples
cited in the text of these articles were included, with the final database
carefully checked to remove any repeated examples. The volumes
examined are indicated in Table 3.1.

3.2.2.2 Phylogeny

The composite primate phylogeny used covers 203 species of primate and
is relatively well resolved, containing 160 nodes (Purvis, 1995). Of these 160
nodes, 9o are dated, but dated nodes are not spread evenly over the tree
and seven dateestimates imply thata node is older than an ancestral node.
Hence for the purposes of this analysis, an assumption of equal distances
between phylogenetic nodes was made. That is, branch lengths were all as-
signed the same value. CAIC is reported to be robust to such assumptions
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(Purvis et al., 1994; Purvis and Rambaut, 1995). Where Purvis indicated
simply the number of species in a genus (e.g., Saimiri and Pithecia), species
names were taken from Rowe (1996) and these genera were assumed to be
monophyletic groups. Purvis (1995) only include two species of Aotus, but
recent classifications (Rowe, 1996) have documented 10 species. The two
species in the original phylogeny were replaced with two monophyletic
groups (A. nigriceps group: A. azarai, A. infulatus, A. miconax, A. nancymaae,
and A. nigriceps; A. trivirgatus group: A. brumbacki, A. hershkovitzi, A. lemurinys,
A. trivirgatus, and A. vociferans).

3.2.2.3 Group size, body weight, and life history data

Data on group sizes were taken from Rowe (1996) and missing data from
Smuts et al. (1987) or Dixson (1998). These group sizes represent spatially
and temporally cohesive associations (Dunbar, 1991). In complex social
systems, such as those of the common chimpanzee, the group is defined
as the number of individuals that an animal “knows and interacts reg-
ularly with” (Dunbar, 1991, 1992). Where a range of group sizes was in-
dicated, the mean was taken. In some species of bushbaby, matriarchies
are present where related adult females have overlapping ranging areas
(Bearder, 1987). Matriarchy size was used as an estimate of group size in
these species if no other group size data were available. Body weight, from
Rowe (1996), was taken as the mean for the two sexes. If no body weight
data were available, or if Rowe (1996) gave a figure for only one sex, data
were takenfrom Harvey et al. (1987). There are possible errors in these mea-
sures, but these are the best estimates that are possible at this time.

3.2.2.4 Brainsize

Analysis was conducted using three measures of brain size, the exec-
utive brain ratio, the absolute executive brain volume, and the resid-
ual executive brain volume, as described in Section 3.1.2. Information
on the volume of the relevant brain regions was taken from Stephan
et al. (1981), who detailed the brain sizes of 46 primate species and three
tree shrews, which are no longer considered as primates (Martin, 1990).
Stephan et al. (1981) listed data for a species not listed in current phy-
logenies, Saguinus tamarin, and indicate the genus, but not the species,
in two cases. It was possible to identify the species involved as Saguinus
midas, Alouatta palliata, and Cebus apella, respectively, by using total brain
weight, which matched the figures given in Harvey et al. (1987). Stephan
et al. (1981) are the only source of data on the volumes of primate brain
structures available, apart from the more recent publication of similar
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datafor the orangutan {Zillesand Rehkamper, 1988). Neocortex sizes were
not estimated from cranial capacities or total brain volumes as in some
studies (Aiello and Dunbar, 1993; Dunbar, 1995). Such an estimate would
increase the size of the dataset but would compromise the specific
hypotheses examining the deviation of executive brain size from that ex-
pected by allometry. The executive brain volume was calculated as the sum
of neocortex and striatum volumes, and the brainstem as the sum of mes-
encephalon and medulla oblongata volumes. Executive brain ratio was
the executive divided by brainstem volume. Stephan et al. (1981) corrected
brain sizes to species means, which reduces the problem of accounting for
sex differences in brain size.

3.2.3 Data collection

3.2.3.1 Procedure

Examples of social learning, innovation, and tool use were collected, with
the species of the individual performing the behavior recorded in each
case. Note that tool use is not a subset of the innovation data, since all in-
stances of tool use are collated, not only novel ones. Where several species
were noted as performing the same behavior, the behavior was scored for
each species. For each journal article searched, whether or notit contained
an example of the behavior patterns of interest, the species studied was
noted. This allowed an estimate of research effort to be made in terms of
the number of studies on each species. Theoretical articles, papers on ex-
tinct or fossil primates, and papers on several (three or more) species were
not counted for the estimate of research effort. Homo sapiens was excluded
from the analysis, since this species is often an outlier, and the rapid evo-
lution of the human brain violates the assumptions of CAIC (Harvey et al.,
1987; Purvis, 1992).

All episodes were recorded, whether they occurred in captivity or in
the field, as a result of experimental manipulations or as a result of
human intervention such as provisioning or habitat degradation. Un-
usual behaviors that were described as pathological were not included in
the analysis. “Questionable” examples, where, for example, social learn-
ing was implied rather than explicitly stated, were initially included in
the analysis. Statistical analyses were conducted removing examples that
were questionable, that occurred in captivity, under experimental manip-
ulation, or under human intervention to check that the inclusion of these
data did not produce artefactual results (see below).
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3.2.4 Analysis
3.2.4.1 Research effort

There were huge differences in research effort among species, with a large
number of studies conducted on, for example, common chimpanzees (Pan
troglodytes), tufted capuchins (C. apella), Japanese macaques (Macaca fuscata),
gorillas (Gorilla gorilla), and common marmosets (Callithrix jacchus) com-
pared with, for instance, the relatively understudied bushbabies and
gibbons. Studies covered 116 species, in comparison with the 203 species
of living nonhuman primates (Purvis, 1995).

The frequencies of social learning, innovation, and tool use were
corrected for research effort. There are several methods of calculating the
difference between the number of observations and the number of obser-
vations expected from the research effort on each species. Lefebvre et al.
(1997) and Byrne and Whiten (1992; Byrne, 1993) used a formula derived
from the chi-square to make similar corrections. They calculated the ob-
served value minus the expected, divided by the square root of the ex-
pected value (i.e., the square root of the chi-square: a chi-square would
not differentiate between deviations above and below the expected value).
This measure assumes that the expected value is directly proportional to
the number of studies conducted on that species. This may not be the case.
For example, well-studied species may attract specialists looking for ex-
amples of social transmission; as a result, more observations are made per
unit of research effort thanin other species. A superior method is to use the
observed relationship between research effort and observation frequency
to estimate expected values. Such a measure is the residual from a nat-
ural log-log plot of observation frequency against research effort. This
technique is used here because it makes fewer assumptions about the
relationship between the number of studies and the expected number of
observations.

3.2.4.2 Comparative analysis

The terms “across-species” and “independent contrast” analysis are used
here to refer to comparative methods that do or do not treat species as in-
dependent data points, respectively. Analysis by independent contrasts is
widely recommended, but interpretation of graphs of contrasts can be less
intuitive than those for across-species analyses, where each datum repre-
sents asingle species. Graphs of species data may be especially informative
if one is interested in the relative position of a particular species. Stephan
et al. (1981) generally chose a single representative from each genus for
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brain volume measurement. Hence, across-species analyses of brain data
are similar to a genus-level analysis, because each datum will be a species
from a different genus. Analysis at a higher taxonomic level, such as the
genus, is sometimes utilized as a partial solution to the problem of ac-
counting for the effects of phylogeny (Dunbar, 1992). Additionally, recent
developments in phylogenetic analysis have suggested that across-species
analyses may occasionally be more appropriate than independent con-
trasts (Harvey and Rambaut, 2000). For these reasons, the results of both
across-species and independent contrast analyses are of interest, and so
data from both are presented. In general, the across-species and indepen-
dent contrast analyses give a similar pattern of results, but where across-
species analyses provide a significant result and independent contrasts do
not, it cannot be excluded that the significant relationshipis a result of the
confounding effects of phylogeny.

Independent contrasts were calculated using CAIC version 2.0.0
(Purvis and Rambaut, 1995). Observation frequency data were corrected
for research effort and natural logarithm (In) transformed before tak-
ing contrasts. All brain volumes and body weights, apart from the exec-
utive brain ratio, were natural log transformed before taking contrasts
since CAIC assumes that different lineages are equally likely to make the
same proportional change in size. Independent contrasts were regressed
through the origin usingleast-squares regression (Purvis, 1992; Purvisand
Rambaut, 1995).

3.2.5 Interobserver reliabilities

A second observer coded previously examined issues of the journals
Folia Primatologica and Primates using the definitions of social learning,
innovation, and tool use given above. Interobserver reliabilities were cal-
culated for 241 records: approximately 10% of the total number of records
examined. Two points were clarified once coding began. Geophagy was
not considered as a innovation unless the paper specifically stated that
the behavior was novel, and only novel tool use or tool use in a novel con-
text were classified as innovations: that is, not all cases of tool use were
termed innovations. Agreement between the two observers was calculated
as an index of concordance (Martin and Bateson, 1986). The interobserver
reliability for social learning was o.95, for innovation 0.83, and for tool
use 0.94.
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3.3 Results and discussion

In total, 533 instances of innovation, 445 observations of social learning,
and 607 episodes of tool use were recorded from a total of approximately
2000 records and 1000 articles searched. The results section is divided into
four sections. Section 3.3.1 addresses the relationship between brain size
and social learning, innovation, and tool use frequencies. Section 3.3.2
examines the links between social learning, innovation, and tool use fre-
quencies. Section 3.3.3 looks at group size, and section 3.3.4 examines
whether the analyses are robust. Reader and Laland {2002) have presented
aconcisediscussion of some of these data, with an emphasis on innovation
and brain evolution.

3.3.1 Innovation, social learning, tool use, and brain size
The results for the three alternative brain measures are presented in turn
and are summarized in Table 3.2.

3.3.1.1 Executive brain ratio

There was a significant positive correlation between social learning
frequency and executive brain ratio, both across-species and for indepen-
dent contrasts (Fig. 3.1). Similarly, there was a significant positive cor-
relation between executive brain ratio and innovation frequency, and
executive brain ratio and tool use frequency, both across-species and for
independent contrasts (Fig. 3.1).

The executive brain ratio measure partially controls for differences
in body size by dividing executive brain volume by brainstem volume.
However, ratio measures have been criticized because they do not com-
pletely remove the effect of body size (see Section 3.1.2). Therefore, body
weight was subsequently included as an independent variable in the
analyses. Across-species, factoring out body weight resulted in similar
results for all three measures of behavioral plasticity. Using indepen-
dent contrasts and including body weight in the multiple regression
with executive brain ratio resulted in a nonsignificant correlation be-
tween executive brain ratio and social learning frequency, and cor-
relations with tool use and innovation frequencies that approached
significance. Using body weight rather than a brain size measure to
control for differences in body size is problematic (see Section 3.1.2).
However, the fact that including body weight in the analyses re-
sulted in similar observed patterns for five of the six analyses should
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Table 3.2. Summary of brain size findings

Brain measure Across species correlation Independent contrasts correlation
Innovation  Sociallearning  Tooluse  Innovation  Sociallearning  Tool use

Executive: brainstem ratio

r:dj 0.34 0.48 0.40 0.18 0.13 0.17
F? 16.70 29.49 21.46 7.66 5.55 7.28
p value? <0.0005 <0.0001 <0.0001  <0.01 <0.05 <0.05
Executive brainstem ratio controlling
for body weight

Partial ¢ 0.38 0.46 0.46 0.34 0.21 0.35
t 2.22 2.77 2.77 1.97 118 1.98
p value? <0.05 <0.01 <0.01 0.06 >0.1 0.06
Absolute executive volume

r:dj 0.24 0.34 0.27 0.14 0.13 0.14
F? 10.95 17.00 12.17 5.92 5.41 5.99
 value? <0.005 <0.0005 <0.005 <0.05 <0.05 <0.05
Executive brain volume controlling
for brainstemvolume

Partial r¢ 0.14 0.24 0.19 0.14 0.06 0.13
té 0.73 132 1.03 1.13 0.37 0.88
p value? >0.1 >0.1 >0.1 >0.1 >0.1 >0.1

r,correlation coefficient; F, variance ratio; t Studentdistribution (with the number of degrees of freedom given as a subscript).
¢ F, soforacross species and F, ,, for independent contrasts.

bBold indicates significant correlations (p <0.05).

¢ Where multiple regressions were used to control for the effect of a potential confounding variable (such as brainstem
volume, an index of body size), the partial correlation coefficient (r) is given (Howell, 1997).
d t,, for across species and t,5 for independent contrasts.
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Fig. 3.1. Behavioral plasticity measures, corrected for research effort, and executive brain
ratio. (a—C) Across-species analyses, with each point representing one species and (d-f)
independent contrast analyses for (a,d) social learning frequency, (b,e) innovation fre-
quency, and (c,f) tool-use frequency. Frequencies were corrected for research effort by tak-
ing residuals from a plot through the origin of natural logarithm (In) frequency against
In research effort. Species are as follows, in descending order of executive brain ratio:
1, Pan troglodytes; 2, Gorilla gorilla; 3, Pongo pygmacus; 4, Ateles geoffroyi; 5, Macaca mulatta;
6, Erythrocebus patas; 7, Hylobates lar; 8, Papio anubis; 9, Cebus apella; 10, Cercocebus albigena;
11, Colobus badius; 12, Cercopithecus mitis; 13, Miopithecus talapoin; 14, Nasalis larvatus; 15,
Alouatta palliata; 16, Saimiri sciureus; 17, Daubentonia madagascariensis; 18, Aotus trivirgatus;
19, Callicebus moloch; 20, Petterus fulvus; 21, Callimico goeldis; 22, Loris tardigradus; 23, Sagui-
nus oedipus; 24, Saguinus midas; 25, Callithrixjacchus; 26, Propithecus verreauxi; 27, Varecia var-
fegata; 28, Cebuella pygmaea; 29, Galagoides demidoff; 30, Otolemur crassicaudatus; 31, Galago
senegalensis; 32, Microcebus murinus.
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increase confidence that the results are not a consequence of a body size
confound.

3.3.1.2 Absolute executive brain volume

There was asignificant positive correlation between corrected social learn-
ing frequency and absolute executive brain volume, both across-species
and for independent contrasts. There were similar results for innovation
frequencies and tool use frequencies.

3.3.1.3 Residual executive brain volume

A multiple regression with social learning frequency as the dependent
variable, executive brain volume as the predictor variable, and brainstem
volume as a covariate revealed no significant correlation between execu-
tive brain volume and social learning frequency, neither across-species nor
for independent contrasts, once brainstem volume had been accounted
for. Similar results were found for innovation frequencies and tool use
frequencies.

3.3.1.4 Summary of links with brain size

In summary, there was not a significant correlation between the be-
havioral measures chosen and every measure of brain size (Table 3.2).
There were significant positive correlations, both across-species and for
independent contrasts, between executive brain ratio and rates of social
learning, innovation, and tool use, and between absolute executive brain
volume and rates of social learning, innovation, and tool use. However,
no significant relationships were found using residual executive brain
volume. The disparities between different brain size measures suggest
that either the three measures gauge different things or some measures
are more susceptible to type I or type II errors. Deaner et al. (2000) re-
viewed various relative brain size measures and found no reasonable basis
to prefer one measure over another, so it is pertinent to discuss which
measure may be most relevant.

Because few data on brain size are available, analyses were typically per-
formed on a small number (30 to 32) of data points. The techniques used
by Stephan ez al. (1981) to determine brain volumes are highly labor inten-
sive, which means only a small proportion of primate brains have been
measured, and in the majority of species where data are available the
figures are based upon measurements of only one or two individuals. Until
more brain data become available, conclusions are necessarily tentative.
CAIC analysis seemed peculiarly vulnerable to the exclusion of individual
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species. For example, removal of the gorilla from the analysis strength-
ened the correlations considerably. Primatologists have noted that gorilla
tool use is less frequent than might be expected, but that gorillas make
usec of presumably cognitively complex hierarchical food-processing tech-
niques (Byrne, 1997). Excluding younger nodes (e.g., nodes less than
smillion years old in primates) may improve the analysis, since error vari-
ance tends to be amplified at contrasts at younger nodes (Barton, 1999).
Alternatively, improved comparative techniques that use a maximum
likelihood framework, such as generalized least squares models, are
becoming available and could be implemented (Pagel, 1999).

The finding that absolute executive brain volume correlated with inno-
vation, social learning, and tool use frequencies supports the hypothesis
that absolute brain size is positively correlated with greater learning ca-
pacities (Gibson, 1999; Rensch, 1956). However, this finding could be the
result of a confound with body size. The use of executive brain ratio has
received more theoretical and empirical support as an appropriate mea-
sure of relative brain size and cognitive ability (Barton and Dunbar, 1997;
Byrne, 1992; see Section 3.1.2). This, combined with the finding that the
correlations between executive brain ratio and innovation and tool use
frequencies remained significant or approached significance when body
weight s factored out, gives reasonable confidence that what is being mea-
sured is some index of brain size rather than simply a body size confound.

The detection, in nonhuman primates, of positive correlations be-
tween executive brain ratio and social learning, innovation, and tool-use
frequencies confirms predicted trends linking innovation, cultural trans-
mission, and brain size. That is, large brained species are reported to
learn socially and innovate more, as assumed by the behavioral drive hy-
pothesis (Wilson, 1985; Wyles et al., 1983). There are at least two explana-
tions for these relationships, which are not mutually exclusive and may
work in concert (Lefebvre et al., 1997). First, selection has favored individ-
uals with large executive brain ratios because they have greater innova-
tive, social learning, or tool-using capacities or propensities. That is, there
has been direct selection for an increase in executive brain ratio in these
animals. Second, animals may make opportunistic use of information-
processing capabilities afforded by a large executive brain, which has
evolved for some other reason, to cope with challenges in new flexible
ways, through social learning or by using tools. The results fit with sim-
ilar results linking relative brain size and deception (Byrne, 1992; Byrne
and Whiten, 1992), mating competition (Sawaguchi, 1997), environmental
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Fig. 3.2. Innovation and social learning frequencies (corrected for research effort): (a)
across-species analysis, with each point representing one species and (b) independent
contrasts.

complexity (Jolicoeur et al., 1984), social group size (Dunbar, 1992), and
frugivory (Barton, 1999). The findings also support a number of hypothe-
ses concerning primate brain evolution (Byrne and Whiten, 1997), which
are discussed at the end of this chapter.

3.3.2 Innovation and social learning covary

Figure 3.2 shows that innovation and social learning frequencies are posi-
tively correlated, across-species and forindependent contrasts (r;,, =0.48,
Fi 14 =108.38, p < 0.0001; r:d. = 0.35, Fi100 = 55.47, P < 0.0001, respec-
tively where r is the correlation coefficient and F the variance ratio). Of the
available brain measures, executive brain ratio explains most variance in
innovation and social learning frequencies (see above), so controlling for
this brain measure is the more conservative analysis. This result was unaf-
fected by the inclusion of executive brain ratio as an independent variable
{multiple regression across-species: partial r = 0.69, controlling for
relative executive brain size, t,, = 4.87, p < 0.0001; multiple regression
independent contrasts: partial 7 = 0.69, t,s = 5.07, p < 0.0001).

There was a similar positive correlation between tool use and inno-
vation frequencies (Fig. 3.3), statistically significant both across-species
and for independent contrasts (r:dj = 0.63, F; 11, = 198.96, p < 0.0001,
and r:dj = 0.54, F; 100 = 118.89, p < 0.0001, respectively). This result was
unaffected by the inclusion of executive brain ratio as an independent
variable (multiple regression across-species: partial r = 0.85, control-
ling for relative executive brain size, t,, = 8.84, p < 0.0001; multiple re-
gression independent contrasts: partialr = 0.88, t,3 = 9.86, p < 0.0001).
There was also a positive correlation between tool-use and social learn-
ing frequencies (Fig. 3.3), supporting the predictions of van Schaik
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(Ch. 11). This correlation was significant both across-species and for
independent contrasts (r:dj = 0.57, Fu, = 154.75, p < 0.0001, and r:dj =
0.45, Fy 100 = 84.65, p < 0.0001, respectively). This result was unaffected
by the inclusion of executive brain ratio as an independent variable
(multiple regression across-species: partial r = 0.78, controlling for rel-
ative executive brain size, t,, = 6.71, p < 0.0001; multiple regression
independent contrasts: partial r = 0.83, t,s = 7.69, p < 0.0001).

It would be useful to demonstrate that species covary in their propen-
sities to perform these three kinds of behavior regardless of the opportu-
nities afforded by a propensity to perform one of these behavior types. For
example, a high propensity to innovate could result in a high incidence
of social learning because there are plenty of innovations to be learned.
Similar arguments apply to tool use. Ideally, the relationship between the
propensity for social learning and the propensity for innovation would be
determined, regardless of the number of opportunities for social learning
afforded by alarge number of innovations. Though Kummer and Goodall
(198s) noted that the majority of innovations in primate populations do
not appear to spread, these variables may be partly confounded in the
field data, and controlled studies may be the only route to resolving these
confounds (Lefebvre and Giraldeau, 1996). However, re-analysis may go
some way towards a solution. In the present study, examples included
in more than one of the three categories of innovation, social learning,
and tool use (for example, a novel tool use) were removed from the analy-
sis. This gave a restricted dataset including only observations of tool use
that were not innovations or learned from others, and only cases of so-
cial learning that did not involve learning an innovation, or at least ob-
servations that were not recorded as such. Note that learning an innova-
tion is not a defining feature of social learning, and it is possible to learn
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abehavior well established in the population repertoire and novel only to
the individual who is learning.

Re-analysis of this restricted dataset gave similar results to previous
analyses. There was a significant positive correlation between social
learning and innovation frequencies (across-species: r:dj =0.28,F ;=
44.63, p < 0.0001; independent contrasts: r:dj =o0.22, F, o = 28.95,
p < 0.0001). There was also a significant positive correlation between tool
use and innovation frequencies (across-species: r:dj = 0.27, F1u3 = 43.19,
p < 0.0001; independent contrasts: r:dj = 0.15, F; gg = 19.01, p < 0.0001).
Again, a significant positive correlation between tool-use and social
learning frequencies was found (across-species: r;dj = 0.31, Fy; = 51.41,
p < o.0001; independent contrasts: r:dj = 0.23, F; g = 30.35, P < 0.0001).

It was not possible to account for reporting biases in the data. There
was no evidence for such biases, but it was possible that researchers were
more likely to score behaviors as socially transmitted in species they con-
sidered to be innovatory, for example. It is also possible that socially
learned behaviors may be recorded instead as innovations if the transmis-
sion episode is unobserved or undetermined. Theoretically, this should
not bias the results since both an innovation and a social transmission
episode have occurred. However, in species that socially learn innovations,
there will be more individuals performing these new behavior patterns
and so a greater chance of these behavior patterns being observed. In an
equally innovatory species where individuals rarely socially learn, fewer
innovations may be recorded.

With these issues in mind, the view that social learning capacities
covary with general behavioral plasticity is supported by a number of
facts: the results discussed here are robust to the re-analysis, the fre-
quency of social learning not only correlates with innovation but also
with tool-use frequency, and rates of tool use and innovation covary to-
gether, even with executive brain ratio controlled for in the analysis.
The finding that innovation and social learning frequencies covary is
important since it provides the first large-scale comparative evidence
consistent with social learning being a component of general learning
abilities. The data are also consistent with the hypothesis that social
learning and asocial learning are separate, domain-specific capacities,
but that correlated evolution of these two traits has been favored by
one or more selection pressures. The results are not consistent with
a third hypothesis, that there has been a trade off between asocial
learning and social learning capacities over evolutionary time. For the
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moment, there is little evidence that social learning is an adaptive
specialization beyond that for a general selection pressure favoring
behavioral plasticity.

3.3.3 Group size and social learning

It has been previously reported that social group size and social learning
frequency correlated weakly across species but this relationship was no
longer significant when phylogeny was taken into account by taking in-
dependent contrasts (Reader and Lefebvre, 2001). The additional analyses
described below test the robustness of this claim.

Since group size and neocortex ratio have been shown to covary
(Dunbar, 1992), executive brain ratio was included as an independent
variable. No significant relationships were found between group size
and social learning frequencies (across-species: partial r = —0.22, t,s =
119, p > 0.1; independent contrasts: partial r = —0.18,t,, = 0.90,
p > o.1). Orangutans are unusual in that they have a very much smaller
group size than would be expected from their brain size, and some
authors argue they may have a more complex social life than their sup-
posed group size would suggest (Dunbar, 1992; see also Ch. 11). However,
exclusion of orangutans from the independent contrast analyses did
not affect the results. Similarly, the results were not a consequence of
the inclusion of matriarchy data for bushbabies (see Section 3.2.2), since
exclusion of these data gave similar results.

It could be argued that the dataset included several examples of social
learning from groups of primates living in artificially large groups, such
as captive or provisioned populations. Groups including individuals who
learn from humans could also be considered to be artificially large, since
the humans can be counted as potential demonstrators. Therefore, a re-
analysis was conducted excluding captive studies and data where a hu-
man influence was stated or suggested. Similar results were found. Group
size and social learning frequency appeared to correlate across-species
(r:dj = 0.03, Fy 105 = 4.18, p < 0.05) but this relationship was weak and
was notsignificantafter taking independent contrasts (r:dj =0.00, Fy g, =
0.99, p > 0.1). Including executive brain ratio as an independent variable
had similar effects on this restricted dataset as on the full social learning
measure.

Hence, contrary to predictions, there was no significant relationship
between group size and social learning frequency after taking phylogeny
or executive brain ratio into account. This finding would seem to be
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inconsistent with “broad” Machiavellian intelligence hypotheses, which
argue that living in complex social groups has favored the evolution of
all forms of social intelligence in primates (Whiten and Byrne, 1997).
This may suggest social learning capacities are not aspects of a general
social cognitive ability or general social “intelligence”. However, it is also
plausible that social group size may be a poor or inexact measure of social
complexity, and that a better measure of social complexity would reveal
an association with social learning.

3.3.4 How robust is the analysis?

The data were re-analyzed, taking only examples from the field and ex-
cluding questionable examples (e.g., where social learning was implied
rather than explicitly stated), experimental manipulations, and cases
where human intervention was stated or implied. Analyses of the rela-
tionships between social learning, innovation, and tool-use frequencies
were unaffected by this procedure (see Table 3.3), both across-species and
for independent contrasts. Similarly, the across-species relationships be-
tween social learning, innovation, and tool-use frequency and executive
brain ratio were unaffected. However, after taking independent contrasts,
no relationship was found between executive brain ratio and innovation
frequency or tool-use frequency. The tool-use result probably reflects the
loss of power associated with the relatively small number of species that
have been observed using tools in the wild compared with tool use in cap-
tivity (Byrne, 1997). However, the fact that the vast majority of the results
are robust to the extremely conservative nature of the re-analysis suggests
reasonable confidence in the results.

3.4 Conclusions

The principal findings of this study are that, once research effort and phy-
logenetic relationships have been taken into account, (a) executive brain
ratio and absolute executive brain volume correlate with social learn-
ing, innovation, and tool-use frequencies; (b} incidence of social learning
covaries with that of innovation; and (c} there is no evidence for a relation-
ship between social learning frequency and social group size. These find-
ings and possible confounding factors have been discussed in the relevant
sections, so here only the major conclusions are summarized.

First, there is now evidence that members of large-brained nonhu-
man primate species learn from others and innovate more frequently than



Table 3.3. Re-analysis using the most conservative dataset

Analysis Correlation coefficient (r) Variance t(df) controlling pvalue p value controlling
ratio (df) for executive brain ratio for executive brain ratio
r:dj Partial r controlling
for executive brain ratio

Actoss-species
Social learning against innovation  0.51  0.74 121.42 (1,114) 5.97(29) <0.0001  <0.0001
Tool use against innovation 0.49 0.89 111.24 (1,114)  10.31(29) <0.0001  <0.0001
Tool use against social learning 0.47 082 103.91 (1,114) 7.66 (29) <0.0001  <0.0001
Innovation against executive 0.26 - 11.83 (1,30) - <0.005 -

brain ratio
Social learning against executive 0.53 - 35.67 (1,30) - <0.0001 -

brain ratio
Tool use against executive 0.29 - 13.90 (1,30) - <0.001 -

brain ratio
Independent Contrasts
Social learning against 0.61 086 159.32 (1,100) 8.63 (28) <0.0001  <0.0001

innovation
Tool use against innovation 0.54 0.96 118.92(1,100)  17.41(28) <0.0001  <0.0001
Tool use against social learning 0.35 0.87 56.00 (1,100) 8.86(28) <0.,0001  <0.0001
Innovation against executive 0.00 - 0.72 (1,29) - >0.1 -

brain ratio
Social learning against executive 0.21 - 8.94(1,29) - <0.01 -

brain ratio
Tool use against executive 0.02 - 1.54 (1,29) - >0.1 -

brain ratio

df, degrees of freedom; t, Student distribution.
Figures in italics indicate the partial r, ¢ value and probability level after executive brain ratio was controlled for using multiple regression (Howell, 1997).
Bold indicates significant correlations (p < 0.05).
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members of small-brained primate species. Macphail (1982) has argued
that evidence that brain-size measures predict intellectual capacity is lack-
ing. This study provides evidence to the contrary, if the reasonable as-
sumption is made that the reported incidence of innovation and social
learning correlates with ability or capacity. Furthermore, the results sup-
port the argument that an increase in brain size and complexity is one
cost of a reliance on learning (Johnston, 1982). Moreover, the findings pre-
sented here provide support for the behavioral drive hypothesis (Wilson,
1985). Therefore, brain size measures appear a valuable tool in explaining
species differences in social learning.

Second, social learning frequencies appear to correlate with gen-
eral behavioral flexibility, to the extent that innovation and tool-use
frequencies are measures (Lefebvre et al., 1997). This is an important
finding since it suggests that social learning is not independent of
asocial learning. The same selection pressures may favor both aso-
cial and social learning. The correlation between rates of social learning
and innovation is also consistent with the view that social learning
and asocial learning share similar mechanisms (Heyes, 1994) and per-
haps share similar neural substrates. However, the possibility cannot
be ruled out that some social learning processes, such as imitation,
may rely on different brain systems. Like the findings of Lefebvre and
Giraldeau (1996), the results presented here do not support the idea
that social learning is an adaptive specialization. If social learning and
asocial learning propensities or capacities are closely tied, the relation-
ship between life-history variables and rates of social learning may be
rather uninformative. Instead, it will be the deviations from the rela-
tionship between innovation and social learning that are interesting
and instructive (Lefebvre and Giraldeau, 1996). The correlations between
innovation, social learning, and tool-use frequencies suggest that ei-
ther these processes are part of one “domain-general” “intelligence”
or that one or more selection pressures, either acting consecutively or
concurrently, have favored the correlated evolution of several, domain-
specific “intelligences” (Byrne and Whiten, 1997; Tooby and Cosmides,
1989).

Third, the findings are consistent with several hypotheses concern-
ing primate brain evolution (Byrne and Whiten, 1988; Whiten and
Byrne, 1997). Rates of tool use were found to correlate with executive
brain ratio, which is consistent with technical intelligence hypotheses,
which argue that technology or technical skills drove brain evolution
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(Byrne, 1992, 1997; Passingham, 1982; Wynn, 1988). Rates of innovation
and sociallearning were also found to correlate with executive brainratio.
Taken with the fact that most of the recorded socially learned behav-
iors and innovations were in the foraging context (Reader and Laland,
2001), the results seem consistent with hypotheses suggesting ecological
function as important in the evolution of primate intelligence. Examples
of such arguments are the extractive foraging hypothesis (Parker and
Gibson, 1977) and Milton’s (1988) cognitive mapping hypothesis, the idea
that intelligence developed as a response to the challenge of locating
patchily distributed, but potentially predictable, food sources. Further,
the results described here may suggest an alternative social intelligence
hypothesis. Social (or Machiavellian) intelligence hypotheses argue that
the complex cognitive demands of living in social groups promote the evo-
lution of alarger brain (Byrne and Whiten, 1988; Whiten and Byrne, 1997).
Johnston (1982) has suggested that one cost of learning is that of parental
care for a dependant infant. Complex supportive social systems may re-
duce this cost of learning and simultaneously increase selective pressures
for the development of learning abilities (Johnston, 1982). If social learn-
ing is causal in the relationship between executive brain size and rates
of social learning, then social learning, a manifestation of “social intelli-
gence”, may be an additional driving force behind the evolution of large
brains in primates.

The fact that the findings described above are consistent with a num-
ber of competing theories supports the contention that several selective
pressures are responsible for the development of large relative brain sizes
and intelligence in primates (Byrne and Whiten, 1997). An alternative
view is that one factor is driving brain evolution, but that the cogni-
tive abilities afforded by a large brain are applied to other domains.
An interesting extension to the study would be to examine taxon-level
differences in the relationships between brain size and innovation, social
learning, and tool use. Such analyses may provide useful information
on the relative importance of the effect of different selection pressures
on brain size evolution in different primate taxa. For example, Barton
(1993) finds a correlation between group size and neocortex size in hap-
lorhines, but not strepsirhines, which may indicate that group living
favored brain size evolution amongst haplorhines only. In conclusion,
frequencies of reports of social learning and innovation gathered from
published literature seem likely to be both ecologically relevant and mea-
surable indices of learning propensities (Lefebvre et al., 1997) that allow
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the various hypothesis concerning the evolution of social learning to be
tested.

3.4.1 Implications for the study of traditions

Comparative studies across all primates of the kind described here seem
a powerful tool for testing hypotheses about the evolution of a reliance
on traditional behaviors. What do the alternative comparative approaches
described elsewhere in this volume have to offer and gain from such
all-primate studies? There are a number of obvious avenues by which ob-
servational and experimental studies in the field and laboratory could im-
prove the power of analyses such as those detailed here. First, the method
depends upon the accurate recording of innovation and social learning
across a wide range of species, ideally in unprovisioned field populations.
It would also be helpful if researchers could note such characteristics as
the age, sex, and social rank of individuals innovating, socially learning
or using tools. Such data would allow hypotheses regarding the distribu-
tion of social learning between age or sex classes to be tested (e.g., Reader
and Laland, 2001; see Ch.5) and may also allow true innovations and rarely
observed conditional strategies to be distinguished. Second, in many field
studies, circumstantial evidence is used to identify socially learned behav-
ior patterns, and it is by no means certain thatsocial learning is actually in-
volved. Methods such as those described by Dewar (Ch. 5) will be hel pful to
determine the true reliance on social learning in field populations. Third,
the comparative methods described here rely upon accurate estimates of
brain size, group size, and other ecological or social variables proposed
to be linked to traditions. Again, field researchers can help by gather-
ing accurate data, and students of brain evolution should prioritize the
gathering of precise brain size data for the 156 species where no data are
available.

Comparative methods also have much to offer those interested in
studying traditions in the field. For example, they suggest species partic-
ularly likely to rely on traditions and so suitable for future study, indicate
less-studied species, and suggest hypotheses that can be tested experi-
mentally in the field or in captivity. The conclusions drawn at the species
level may also apply to population differences, which means that popu-
lation level comparisons will also be valuable. Comparative studies and
models that make predictions for primates in general (see also Chs. 2,
5, and 11) should be integrated with population-level comparative field
studies such as those described in Chs. 10, 13, and 14. This would make a
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powerful combination with which to study the evolution and function of
traditional behaviors.

3.4.2 Summary

A comparative study of social learning, innovation, and tool use in nonhu-
man primates was conducted by collecting over 450 reports of such behav-
iors from the primate and social learning literature. Comparative studies
of learning and behavioral flexibility require a test fair to all species and
data on large numbers of species, which this method provides by measur-
ing the tendency to discover or learn novel solutions to environmental or
social problems relevant to the animal. Social learning, innovation, and
tool-use frequencies, corrected for research effort and phylogeny, were
positively correlated with two brain measures, absolute executive brain
volume and the ratio of executive brain over brainstem, confirming pre-
dicted trends linking innovation and brain size. These findings are con-
sistent with several hypotheses regarding brain evolution, and, if social
learning is causal in brain size evolution, suggest an alternative, com-
plementary, social intelligence hypothesis. Moreover, innovation and so-
cial learning frequencies were found to covary, which is consistent with
social learning capacities correlating with general behavioral flexibility.
Contrary to predictions, the results do not support a relationship between
social learning frequencies and social group size. The results have a num-
ber of implications for the future study of traditions in the wild.
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4

Social learning about food in birds

41  Introduction

Since the classic studies on potato and wheat washing in Japanese
macaques (Kawai, 1965), traditions have often been studied in nonhuman
animals because they represent an important precursor to human culture.
This anthropocentric program has led many researchers to study primates
and to focus on cognitive traits that are associated with human culture,
for example imitation, language, tool use, and theory of mind. In this
perspective, the study of nonhuman culture has recently culminated in
the demonstration that wild chimpanzees in seven African populations
show as many as 39 behavioral variants that may be attributed to “culture”
(Whiten et al., 1999). For psychologists and anthropologists, the concern
with precursors of human behavior in the closest relatives of Homo sapiens
is perfectly justified. For biologists, however, the evolution of cognition
must be studied on a much broader and phylogenetically distant set of
taxa; in comparative biology (Harvey and Pagel, 1991), one of the goals is to
remove phylogenetic influences from taxonomic data and to look for in-
dependent evolution of traits as adaptations to particular ecological and
life-history conditions.

In this chapter, we compare the origin and diffusion of new feeding be-
haviors in birds and mammals. We begin by explaining why birds are par-
ticularly suitable to a comparison with mammals, and we discuss the use
of anecdotal reports in the study of cognition. We then highlight three fea-
tures by which the current literature on birds appears to differ from that
on mammals and propose hypotheses to explain the differences. If this lit-
erature is an unbiased estimate of real differences between birds and mam-
mals, the differences raise important questions on the evolution of social
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learning and innovations. If current trends are a consequence of research
biases, the apparent differences between birds and mammals point to gaps
in our knowledge that need to be filled.

4.2 Why birds are important for the study of cognition
and traditions

In a comparative approach centered on independent evolution, birds
are a particularly interesting group for the study of social learning and
cognition. The ancestors of modern-day birds and mammals diverged
more than 300 million years ago (Hedges et al., 1996). Current avian or-
ders are thought to have appeared 100 to 150 million years ago (Cooper
and Penny, 1997; Cracraft, zoo1; Hedges et al., 1996). If similar cog-
nitive traits are found in some mammalian and avian taxa, it is un-
likely that common ancestry could be behind the similarity. The molec-
ular relationships between modern bird taxa have been worked out
for the entire class (approximately 10000 species; Sibley and Ahlquist,
1990; Sibley and Monroe, 1990), so phylogenetic confounds can be re-
moved from any comparative study. At least seven avian taxa appear to
have independently evolved large brains (Fig. 4.1; based on data for 737
species in lekovsk)'f, 1989a,b,¢, 1990; see Nicolakakis, Sol, and Lefebvre,
2002 for details}): Piciformes (woodpeckers), Bucerotiformes (hornbills),
Psittaciformes (parrots), Strigi (owls), Accipitrida and Falconida (hawks,
cagles, and falcons), Ciconiida (herons and penguins) and Passeriformes
(suboscines and oscines, especially corvids). These taxa represent a wide
range of ecological adaptations, from tropical nut eating in parrots to
nocturnal carnivory in owls, polar piscivory in penguins, insect eating
in woodpeckers and carrion eating in corvids. Based on embryologi-
cal, neuromorphological, cytoarchitectonic, and cytochemical evidence,
Dubbeldam (1998), Karten (1991) and Rehkimper and Zilles (1991) have un-
derlined the similarities between the mammalian neocortex and parts of
the avian telencephalon like the hyperstriatum ventrale and neostriatum.
In large-brained taxa, these are the structures that show the largest rela-
tive increase in size (Boire, 1989; Rehkimper, Frahm, and Zilles, 1991}, just
as the neocortex does in mammals (Stephan, Baron, and Frahm, 1988).
Birds occupy environments that range from polar landmasses to open
seas and deserts. Ecological and life-history variables thought to be associ-
ated with complex cognition (e.g., generalism, groupliving, slow develop-
ment) show large variation within the class Aves. There are small, rapidly
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Fig. 4.1. Mean residual brain size (regressed against body weight) for avian orders and
parvorders, based on data for 737 species in Mlikovsky (1989a—c; 1990). Phyletic tree and
branch lengths based on Sibley and Ahlquist (1990).

developing species like quail and large, slowly developing species like par-
rots. Some birds, such as Florida scrub jays, live in cohesive groups with
individual recognition and complex communication, while species like
zenaida doves are solitary feeders year-round. Species like snail kites have
specialized, conservative diets, while others are extreme opportunistic
generalists, for example, crows and gulls. Finally, birds are the most fre-
quently and easily observed animal taxon in the wild. Their vocalizations,
flight, and color make them easier to detect than many other taxa. Theyare
also the only animal taxon for which a popular term, “birder”, exists to de-
scribe the thousands of amateurs and academics who observe and report
every peculiarity of their morphology, behavior, and demographics in a
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large array of specialized journals. The short notes from these journals are
aunique data source for the study of cognition in the field (Lefebvre, 2000;
Lefebvre et al., 1997b, 1998; Nicolakakis and Lefebvre, 2000; Nicolakakis
etal., 2002; Sol, Timmermans, and Lefebvre, 2002},

The taxonomic distribution of field reports on cognitive abilities can
be a powerful tool for comparative analysis. It provides a quantitative,
ecologically relevant operationalization of cognition on a wide array of
species; it complements the experimental method and corrects for dis-
advantages like the arbitrariness of many experimental tasks, the small
number of species tested, and the possible confounding roles of response
to captivity, stimuli associated with the task, and avoidance of human
experimenters (Lefebvre, 1995a; Lefebvre, Palameta, and Hatch, 1996).
Several variables are likely to bias the field reports. Up to now, phylogeny,
juvenile development mode, species number per taxonomic group, re-
search effort, interest by birders, journal source, historical period, pop-
ulation size, and likeliness to notice and report an innovation have all
been incorporated into multivariate analyses and shown not to account
for the relationship between innovations and either neural substrate size
(Lefebvre etal., 1998, Lefebvre, Nicolakakis, and Boire, 2001; Nicolakakis
and Lefebvre, 2000) or invasion success (Sol et al., 2002) in birds. Com-
parative analysis of field report frequencies has been applied to deception
in primates (Byrne, 1993), play in mammals (Iwaniuk, Nelson, and Pellis,
2001}, innovation (Lefebvre et al., 1997b, 1998, 2001} and tool use (Lefebvre
etal., 2001} in birds, as well as social learning, innovation, and tool use in
primates (Reader and Laland, 2002; see also Ch. 3).

Reports of innovative feeding techniques have always been an im-
portant part of the ornithological literature, particularly in countries of
English tradition. Ina1956 article on novel feeding methods by wild birds,
W. H. Thorpe encouraged both amateur and professional ornithologists
to note “examples of the production of original or unusual actions by
birds, however small the change”. The relationship between feeding in-
novations and social learning has been studied in birds for many years.
A decade before the studies on Japanese macaques, the first widely re-
ported case of animal culture was the description of milk bottle open-
ing by tits (Fisher and Hinde, 1949). The innovation was first noticed in
1921 in Swaythling, a small town in southern England. By the time Fisher
and Hinde published their quantitative survey, the behavior had been
reported in over 400 localities in the British Isles. Bottle opening soon
became a textbook case for animal culture, although subsequent field
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data (Hinde and Fisher, 1951), experiments in captivity (Sherry and Galef,
1984, 1990), historical research (Ingram, 1998), and curve-fitting analyses
(Lefebvre, 1995b) suggest that social contributions to learning, as implied
by the common phrase “cultural transmission”, may have only been one
factor in the diffusion of the new behavior. Animal traditions are by no
means limited to the spread of new behaviors, but innovations like bottle
opening are the starting points for many studies because novelty is read-
ily noticed in the field and, in an experiment, the introduction of a new
behavior allows efficient control of alternative mechanisms. Birds are very
useful for these kinds of experiment because they rely primarily on vision
during feeding, and their reliance on olfactory cues that social context
provides to mammals (e.g., Galef, 1996) is negligible (Campbell, Heyes,
and Goldsmith, 1999). Finally, there is a very large literature on acoustic
forms of social learning and traditions in birds (see Ch. 8). If some acous-
tic and visual forms of social learning are linked (Moore, 1992) and share
a common neural substrate (Iacoboni ez al., 1999), the body of knowledge
accumulated on birdsong could provide useful directions for the study of
nonvocal traditions.

4.3 Trends in the current literature: do birds
and mammals differ?

A review of the literature on avian social learning and innovation reveals
three surprising trends. First, there are no avian taxa where experiments
on social learning have failed, contrary to the situation in some mam-
mals. Second, all attempts to show motor imitation in birds have been
successful. Third, social learning in foraging contexts appears to be rare in
birds, if one compares them with primates and takes into account the high
rate of avian innovation. This last point raises an obvious caveat for the
first two: if social learning reports concerning foraging in birds are rare,
then any conclusions about trends in this small dataset should be tenta-
tive, all the more so if the rarity is a consequence of research biases. For
the moment, we will assume that the literature on birds and mammals is
an unbiased sample of the true state of affairs and examine the possible
origins of the differences. We will return to the question of biases later on
in the chapter.

Tables 4.1 to 4.4 list all cases we could find of socially learned feed-
ing behaviors in birds, including anecdotal and experimental reports on
free-ranging and captive species. Fisher and Hinde (1949) was used as the



Table 4.1. Anecdotal reports (72 cases) of possible social learning in the field

Reference Species What is learned?®  Description of behaviour
Alcock 1970 Neophron percnopterus 4 Throwing stones to break ostrich eggs
Barash, Donovan and Myrick 1975 Larus glaucescens 4 Dropping clams on hard surfaces to crack them
Beck 1982 Larus argentatus 4 Dropping shellfish on hard surfaces to shatter
them
Bowman and Billeb 1965 Geospiza difficilis septentrionalis 3,4 Puncturing the skin of seabirds and feeding on the
blood
Breitwisch and Breitwisch 1991 Passer domesticus 2,4 Activating sensor of automatic sliding doors to
enter a cafe and scavenge crumbs
Cook, Brower and Alcock 1969 Megarhynchus pitangua 3 Avoiding noxious food
Myiodynastes maculatus
Fisher and Hinde 1949 Parus ater 3,4 Removing or tearing milk bottle tops to drink milk
Erithacus rubecula
Fringilla coelebs
Parus caeruleus
Parus major
Parus palustris
Passer domesticus
Prunella modularis
Sturnus vulgaris
Turdus merula
Turdus philomelos
Fritz etal. 1999 Anser anser 3,4 Biting and chewing stems of butterbur
Gotmark 1990 Sterna sandvicensis 2 Locating clumped and unpredictable food sources
Greig-Smith 1978 Nectarinia dussumieri 2 Locating clumped and unpredictable food sources

(cont.)



Table 4.1. (cont.)

Reference Species Whatis learned?® Description of behaviour
Hinde and Fisher 1951 Corvus monedula 3,4 Removing or tearing milk bottle tops to drink milk
Dendrocopos major
Pica pica
Hino 1998 Coracina cinerea 3,4 Changing feeding habits and diet when foraging
Dicrurus forficatus with other species
Newtonia brunneicauda
Phyllastrephus madagascariensis
Tersiphone mutata
Lawton and Guindon 1981 Psilorhynus morio 3,4 Identifying and catching appropriate food items
LeCroy 1972 Sterna dougallii 4 Fish catching by juveniles
Sterna hirundo
MacDonald and Henderson 1977 Cephalopyrus flammiceps, Certhia 2 Locating clumped and unpredictable food sources

himalayana, Dendrocopos
himalayensis, Ficedula tricolor,
Muscicapa ruficauda, Muscicapa
sibirica, Parus major, Parus
melanolophus, Parus monticolus,
Parus rubidiventris, Passer rutilans,
Pericrocotus ethologus, Phylloscopus
inornatus, Phylloscopus occipitalis,
Phylloscopus proregulus, Phylloscopus
trochiloides, Regulus regulus, Sitta
europaeda, Sitta leucopsis



Maclean 1970

Meinertzhagen 1954
Murton 1970

Murton and Isaacson 1962
Newton 1967

Norton-Griffiths 1967
Pettersson 1956

Ramsay and Cushing 1949

Rowley and Chapman 1986
Rubenstein et al. 1977

Stenhouse 1962
Sullivan 1984

Taylori1972

Turner 1961
Werner and Sherry 1987

Turdus migratorius

Pandion haliaetus
Columba palumbus

Columba palumbus
Carduelis cannabina, Carduelis spinus

Haematopus ostralegus
Chloris chloris

Anas platyrhynchos, Anas rubripes

Eolophus roseicapilla

Sporophila corvina, Sporophila torqueola,
Tiaris olivacea

Carduelis flammea

Picoides pubescens, Picoides villosus

Carpodacus mexicanus

Fringilla coelebs, Passer domesticus
Pinaroloxias inornata

2,4

34

3,4

34

Feeding on juniper berries and toyon fruits by
hovering

Flying and catching fish by juveniles

Looking at what others are eating and copying
feeding actions

Locating clumped and unpredictable food sources

Differences between populations in preferred seed
diet

Opening mussels by fledglings

Feeding on seeds of a shrub fruit by cracking the
stones

Eating dry cornmeal and washing it down with
water

Choosing and obtaining food

Locating clumped and unpredictable food sources

Feeding on peach and apricot blossoms

Locating food patches and choosing most efficient
feeding technique

Feeding on nectar from artificial feeders by
hovering

Eating previously avoided novel food

Maintaining feeding specializations (diet and
foraging techniques)

%1, When to eat; 2, where to eat; 3, what to eat (and not to eat); 4, How to eat.



Table 4.2. Anecdotal reports (eight cases) of possible social learning in captivity

Reference Species Whatislearned?®  Description of behavior

Cadieu and Cadieu 1996 Serinus canaria 3,4 Choosing and husking seeds by juveniles

Garnetzke-Stollman and Franck 1991 Forpus conspicillatus 1 Synchronizing foraging among group
members

Hailman 1961 Larus atribilla 3,4 Pecking at sibling’s bill tip to establish
discriminatory feeding response

Jones and Kamil 1973 Cyanocitta cristata 4 Manipulating pieces of paper to reach
otherwise inaccessible food

Ligon and Martin 1974 Gymnorhinus cyanocephalus 3,4 Distinguishing between good and bad
seeds; opening the seeds

Millikan and Bowman 1967 Geospiza conirostris 4 Manipulating sticks to pry food items out
of narrow cracks

Stokes 1971 Gallus gallus 3 Chicks learning to recognize food items

Weidmann 1957 Anas platyrhynchos 4 Shaking reeds to obtain snails

“1, When to eat; 2, where to eat; 3, what to eat (and not to eat); 4, how to eat.



Table 4.3. Experimental reports (20 cases) of social learning in the field

Reference Species Whatislearned?®  Description of behaviour
Caldwell 1981 Casmerodius albus, Egretta caerulea, 2 Locating clumped and unpredictable food sources
Egretta tricolor
Erwin, Hafner and Dugan 1985 Egretta garzetta 2 Locating clumped and unpredictable food sources
Horn 1968 Euphagus cyanocephalus 2 Locating clumped and unpredictable food sources
Knight and Knight 1983 Haliaeetus leucocephalus 2 Locating clumped and unpredictable food sources
Krebs 1974 Ardea herodias 2 Locating clumped and unpredictable food sources
Kushlan1977 Ajaia ajaja, Egretta thula, Eudocimus 2 Locating clumped and unpredictable food sources
albus, Mycteria americana, Plegadis
Salcinellus
Langen1996a Calocitta formosa 2-4 Locating, identifying and exploiting suitable food
sources
Langen 1996b Calocitta formosa 4 Opening a door to gain access to food
Lefebvre 1986 Columba livia 4 Piercing paper cover of a box containing seeds
Midford et al. 2000 Aphelocoma coerulescens 2,4 Digging for peanut bits buried in sand at the
center of a plasticring
Roell 1978 Corvus monedula 2,4 Locating food and extracting it from a ball of clay
Sasvari and Hegyi1998 Parus major, Parus palustris 2 Approaching successful foragers, whether
conspecific or not
Waite 1981 Corvus frugilegus 2 Locating clumped and unpredictable food sources

“1, When to eat; 2, where to eat; 3, what to eat (and not to eat); 4, how to eat.



Table 4.4. Experimental reports (56 cases) of social learning in captivity

Reference Species Whatis learned?®  Description of behavior

AKins and Zentall 1996 Coturnixjaponica 4 Operating a treadle to obtain food reward using
same technique as demonstrator

Alcock 1969a Tyrannus savana 3 Eating previously avoided food

Alcock 1969b Tyrannus savana, Zonotrichia albicollis 4 Removing cover on food tray to obtain mealworm

Altshuler and Nunn 2001 Archilochus colubris, Selasphorus 3,4 Feeding from a novel nectar source (a syringe)

platycercus

Avery 1996 Carpodacus mexicanus 3 Avoiding noxious food

Barnard and Sibly 1981 Passer domesticus 2 Locating clumped and unpredictable food sources

Bednekoff and Balda 19962 Aphelocoma ultramarina, Nucifraga 2 Relocating caches made by conspecifics

columbiana

Bednekoff and Balda 1996b Gymnorhinus cyanocephalus 2 Relocating caches made by conspecifics

Cadieu and Cadieu 1998 Serinus canaria 3 Recognizing and eating new food by juveniles

Campbell et al. 1999 Sturnus vulgaris 4 Removing same color lid using same technique as
demonstrator

Cloutier and Newberry 2001 Gallus gallus 354 Breaking a membrane on a container and
consuming blood

Dawson and Foss 1965 Melopsittacus undulatus 4 Opening a covered food dish to obtain seeds

De Groot 1980 Quelea quelea 2 Locating clumped and unpredictable food sources

Dolman etal. 1996 Zenaida aurita 3 Eating previously avoided novel food

Fritz and Kotrschal 1999 Coryus corax 4 Opening a covered box containing food

Fritzetal. 2000 Anser anser 4 Pushing wooden bar to open gliding door and gain
access to food

Fryday and Greig-Smith 1994 Passer domesticus 3 Avoiding noxious food associated with visual cue

Fryday and Greig-Smith 1994 Passer domesticus 3 Eating novel colored food



Hatch and Lefebvre 1997

Hatch and Lefebvre 1997
Klopferi9s7

Klopfer 1959

Krebs 1973

Krebs, MacRoberts and Cullen 1972
Lefebvre et al. 1996

Lefebvreetal. 19972

Mason and Reidinger 1981
Mason and Reidinger 1982

Mason, Arzt and Reidinger 1984
McQuoid and Galef 1993
Monkkonen and Koivula 1993
Nicol and Pope 1994

Palameta 1989

Rothschild and Ford 1968

Streptopelia roseogrisea
Streptopelia roseogrisea
Anas platyrhynchos, Cairina moschata

Chloris chloris

Parus rufescens, Parus atricapillus

Parus major
Zenaida aurita
Quiscalus lugubris

Agelaius phoeniceus
Agelatus phoeniceus

Quiscalus quiscula
Gallus gallus
Parus montanus
Gallus gallus

Serinus canaria

Sturnus vulgaris

W

PN

W

Eating novel foods

Opening lid or pulling open drawer to access food

Avoiding food dish associated with visual cue and
electrical shock

Avoiding unpalatable food associated with
avisual cue

Locating clumped food patches; choosing feeding
technique

Locating clumped and unpredictable food
sources

Removing stopper from inverted test tube to
release seeds

Removing stopper from inverted test tube to
release seeds

Eating novel food

Avoiding noxious food associated with
visual cue

Avoiding or prefering food associated with a
specific visual cue

Feeding in same food dish as demonstrator

Feeding on novel foods

Pecking correct colored key to gain access to food

Flipping cardboard lid to gain access to a
well-containing food

Avoiding noxious novel food

(cont.)



Table 4.4. (cont.)

Reference Species Whatis learned?®  Description of behavior
Sasvari1979 Parus caeruleus, Parus major, Parus 4 Lifting piece of linen to obtain hidden food
palustris
Sasvari 198s5b Turdus merula, Turdus philomelos 4 Pulling string out of a glass cylinder to access
seeds
Schildkraut 1974 Cyanocitta cristata 4 Pecking a disk to obtain food
Sherry and Galef 1984 Parus atricapillus 3,4 Opening and drinking from cream tubs
Templeton etal. 1999 Gymnorhinus cyanocephalus, Nucifraga 4 Removing a lid to gain access to food
columbiana )
Turner 1964 Fringilla coelebs, Gallus gallus 3 Eating previously avoided novel food
Waite and Grubb 1988 Parus bicolor, Parus carolinensis, Picoides 2 Locating food sources
pubescens, Sitta carolinensis
Wechsler 1988 Corvus monedula 4 Obtaining food from dispenser using same
technique as demonstrator
Zentalland Hogan 1976 Columba livia 4 Pecking a response key for grain

?1, When to eat; 2, where to eat; 3, what to eat (and not to eat); 4, how to eat.
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cut-off point for modern studies and only cases published since then
have been considered. A broad perspective was adopted in defining so-
cial learning; all cases presumed by the authors to involve local or stim-
ulus enhancement, social facilitation, observational learning, and true
imitation were included in the tables. Only reports on foraging were con-
sidered, excluding vocal learning, predator avoidance, mate choice, and
other nonforaging behaviors. Species with multiple reports of the same
behavior were included only once in the tables; without this precaution,
pigeons and chickens, for example, would have been over-represented be-
cause of their widespread use in laboratory studies. For anecdotal reports
(Tables 4.1 and 4.2), cases were included if the authors mentioned social
learning as a possibility, without judging whether the authors were right
or wrong; this same procedure was adopted in literature surveys of in-
novations (see examples in Lefebvre, 2000; Lefebvre et al., 1997b, 1998;
Nicolakakis and Lefebvre, 2000). An independent reader, naive to the hy-
potheses tested, was asked to read a random sample of the literature re-
viewed (n = 50) and to decide whether the reports should be included
in the database or not. For reports that were included, the independent
reader classified each report as anecdotal or experimental and noted if it
took place in the field or in captivity. The principal investigator and the
independent reader agreed on inclusion of reports 96% of the time and
agreed on the classification of included reports 100% of the time. Contrary
to innovations (Lefebvre et al., 1997b, 1998) or tool use (Lefebvre et al.,
2001), where anecdotes simply described behaviors involving new foods or
feeding implements, social learning is an inferred mechanism, not an ob-
served fact. Experiments often show that anecdotal claims of social learn-
ing can, in part (Sherry and Galef, 1984, 1990) or in whole (Galef, 1980),
be attributed to other processes. The cases presented in Tables 4.1 and
4.2 should, therefore, be treated with caution and given temporary sta-
tus only, subject to confirmation by controlled experiments. The survey
yielded 72 anecdotal cases from the field (Table 4.1) and eight cases from
captivity (Table 4.2). Experimental work has been done on 20 cases in the
field (Table 4.3) and on 56 cases in captivity (Table 4.4).

4.3.1 Social learning

The first trend in the avian literature is the absence of negative results.
All species in which social learning tests have been attempted eventu-
ally yielded positive results. Negative results were reported by some re-
searchers, for example Hitchcock and Sherry (1995) on chickadees and
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de Perera and Guilford (1999) on pigeons. However, these were found in
species where positive results have been obtained by others (chickadees:
Alcock, 19692; Krebs, 1973; Sherry and Galef, 1984, 1990; pigeons: Alderks,
1986; Epstein, 1984; Palameta and Lefebvre, 1985). In the case of Hitchcock
and Sherry (1995) and de Perera and Guilford (1999), the social learn-
ing task was applied to a specialized ability, spatial memory. The trend
in birds can be contrasted with that of mammals, where some species
show no sign of even the simplest form of stimulus enhancement. Cattle
{Veissier, 1993) and horses (Baer et al., 1983; Baker and Crawford, 1986;
Clarke et al., 1996) yielded negative results when a naive observer wit-
nessed a conspecific demonstrator eating from a feeder identified with a
visual cue. In the case of horses, the negative results have been replicated
in three different laboratories. The common feature of these species is that
they are grazing herbivores. They are also gregarious, a variable often as-
sumed to favor social learning (Klopfer, 1961; Reader and Lefebvre, 2001).
The food they specialize onis abundant and easily accessible, however, and
requires extensive digestion because of its low nutritive content, but little
searching and handling.

More research is needed before negative results on two species can be
generalized to an entire dietary category like herbivory. Nevertheless, if
the current literature is a correct estimate of broader trends, this raises
the intriguing possibility that diet is a stronger selective pressure than so-
ciality for the evolution of socially learned foraging (Reader and Lefebvre,
2001). Up to now, only the carefully controlled study of Templeton, Kamil
and Balda (1999) on pinyon jays and Clark’s nutcracker has supported the
idea that social learning is more efficient in more social species, once the
confounding effects of other types of learning have been accounted for.
In other birds, interspecific differences in social learning paralleled dif-
ferences in individual learning (Sasvari, 1985a,b; reanalyzed by Lefebvre
and Giraldeau, 1996), irrespective of large differences in sociality (Lefebvre
et al., 1996). In primates, frequency of social learning reports per species
was uncorrelated with group size, once phylogenetic effects were removed
{Reader, 2000; Reader and Lefebvre, 2001).

Among birds, the closest thing to a herbivorous mammal is a goose.
Unlike horses and cattle, geese show social learning of new food types in
the field (Fritz, Bisenberger, and Kotrschal, 1999) and of new handling
techniques in experiments conducted in captivity (Fritz, Bisenberger, and
Kotrschal, 2000). Granivores, another avian group whose food source is
abundant (if often patchy) and easy to handle, also show social learning.
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Red-winged blackbirds, for example, are agricultural pests in many parts
of North America because large flocks can descend on cornfields and clean
out acres of grain. The studies of Mason and Reidinger (summarized by
Mason, 1988) have repeatedly demonstrated intra- and interspecific social
learning in this species and have indeed been designed to find socially
transmissible solutions to the pest problem posed by this species. The
feral pigeon is another granivore that has often been used in social learn-
ing experiments. In the field, pigeons and other Columbiformes do not
use complex searching and handling techniques for food (primarily seed
and its processed derivatives like bread in cities and stored grain in ports;
Lévesque and McNeil, 1985; Murton, Coombs, and Thearle, 1972). Several
experiments do show, however, that pigeons are capable of social learning
(Alderks, 1986; Epstein, 1984; Palameta and Lefebvre, 1985). It is possible
that in pre-agricultural times, seed was a much less abundant and easily
obtained food than it is today, but in the absence of at least one negative
result on anavian species, we can only conclude for the moment that there
isno obviousassociation between diet(food type abundance and complex-
ity of searching and handling techniques) and socially learned feeding in
birds.

4.3.2 Innovations

If social learning is advantageous when learning technically difficult for-
aging behaviors, it also constitutes an efficient method for spreading in-
novations. Because they are so rare, innovations have a low probability
of being incorporated into an individual’s repertoire unless that indi-
vidual observes an innovator. Allan Wilson recognized in the early 1980s
thatinnovation and social learning, when they co-occur in alarge-brained
species, provide a powerful means for new behaviors to spread rapidly
through entire populations (Wilson, 1985; Wyles, Kunkel, and Wilson,
1983). If these new behaviors expose their bearers to a wider array of en-
vironmental conditions, they can increase the rate at which favorable mu-
tations are fixed by natural selection. Wilson called this accelerating effect
“behavioral drive” and was concerned about its possible effects on molec-
ular and structural estimates of the speed of evolution (Nicolakakis et al.,
2002; Wilson, 198s).

Innovations have been extensively studied in birds in our labora-
tory for the past few years (Lefebvre 2000; Lefebvre et al., 1997b, 1998;
Nicolakakis and Lefebvre, 2000). The frequency of feeding innovations
per taxonomic group is positively correlated with relative size of the
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telencephalon, in particular with that of structures that are analogous to
the mammalian neocortex: the hyperstriatum ventrale and the neostria-
tum (Timmermans et al., 2000). Reader and Laland (2002; see also Ch. 3)
have found a similar relationship in primates; in this order, innovation
frequency per species is correlated with relative size of the neocortex and
striatum. The fact that analogous neural structures are correlated with
similar cognitive traits in such distant taxaas birds and primates is power-
ful evidence for repeated independent evolution. We could consequently
expect that other correlates of innovative behavior would be similar in
birds and primates, especially if diffusion of rare, innovative behaviors is
an important outcome of social learning in the two taxa. This appears not
to be the case. If one looks at the relative frequencies of innovation and so-
cial learning reports in the two groups, primates and birds show different
trends. In his review of the primate literature (234 species), Reader (Ch. 3)
gathered a total of 558 cases of innovation and 451 cases of social learning.
Of these, approximately equal numbers were field anecdotes on feeding
innovations (n = 142) and on socially learned foraging (n = 153). In birds
(approximately 10000 species), innovations seem to outnumber social
learning reports. Only 72 anecdotal cases of social learning in the wild
are listed in Table 4.1, compared with the 1796 feeding innovation reports
currently included in our database (Lefebvre, 2000; Lefebvre et al., 1997b,
1998; Nicolakakis and Lefebvre, 2000; Nicolakakis et al., 2002; Sol et al.,
2002; Timmermans et al., 2000), which covers a shorter time period (1970
to the present in most zones) and a more restricted geographical area (six
zones of the world) than the social learning survey (1949 to the present;
worldwide). What these relative numbers seem to suggest is that a feed-
ing innovation does not as readily spread to others in birds as it does in
primates.

4.4 Why do birds and mammals seem to differ?

The differences between primates and birds could reflect real trends or
they could be a result of research and publication biases. Researchers and
journal editors may expect more social learning in primates because of the
phyletic proximity of these species to humans, their large brains, and their
extensive social relationships. However, anecdotal reports of the type used
in innovation analysis are often criticized in psychology and primatology
(see the open peer commentary following Byrne and Whiten, 1988). This
could decrease the probability that primate innovations will be noticed,
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written up, and/or published. In contrast, short notes on new ranging,
feeding, and nesting behaviors are encouraged in ornithology. The jour-
nal British Birds, for example, has an eight member “Behavior Notes Panel”
specifically setup to referee these contributions. Because social learning is
atechnical concept thatisinferred, notdirectly seen, and because there are
many more nonacademic ornithologists than there are nonacademic pri-
matologists, it might also be that birders notice unusual feeding behav-
iors more easily than they do cases of an abstract phenomenon like social
learning(D. Sol, personal communication). Finally, the biases may lead to
low sampling effort, which can lead to spurious trends. For example, the
fact that imitation has been tested in only six avian species may have cre-
ated a false positive, and negative findings will eventually emerge as more
species are studied.

Other arguments, however, suggest that the differences might be real.
Historically, the first widely cited modern case of social learning (Fisher
and Hinde, 1949) was reported in birds by researchers from a prestigious
university, Cambridge. Tool use, which is often cited as a covariate of so-
cial learning (see Chs. 3 and 11) was described (1901) and reported (1919)
in Darwin’s finches (see Boswall, 1977) long before it was in chimpanzees
(Goodall, 1964). Thediscovery of a new tool-use case in birds is as newswor-
thy asitisin primates, as evidenced by the publication in Nature of Hunt’s
(1996) report on leaf tools in New Caledonian crows. The large number of
papers on vocal imitation in birds further suggests that interest in socially
learned behaviors is high in ornithology.

Finally, a rough estimate of research bias for field anecdotes can be
obtained by counting experimental studies. If researchers are as inter-
ested in social learning as they are in innovations, the relative number
of deliberate, organized studies involving experiments should be similar.
In primates, this is the case: the number of social learning (7 = 84) and
innovation (n = 113) cases based on experimental work are approximately
equal, and the number of cases based on anecdotes is also in the same order
of magnitude (7 = 153 for social learning and 7 = 142 for innovation). In
birds, the number of social learning experiments (n = 76) cannot be com-
pared with innovation experiments as this figure is not available. How-
ever, we know that the number of social learning cases based on anecdotes
(n = 72) is similar to the number of experiments. If the number of social
learning experiments in birds can be inferred from the primate pattern,
we would expect no more than 70 to 150 innovation anecdotes if research
effort were the sole determinant of their numbers. Instead, the sample
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so far includes 1796 innovation anecdotes, 30 times more than expected.
We will, therefore, tentatively assume that the differences may reflect real
trends and review the possible reasons for the apparent rarity of socially
transmitted feeding innovations in birds.

4.4.1 Individual and social learning

In birds, many innovations are single events that surprise the ornithol-
ogist and may never be seen again in the originator or in birds that are
within observational range of this individual. The innovation can reflect
temporary opportunism and flexibility, but it may not be incorporated
into the long-term repertoire of the animal if normal food types or han-
dling techniques yield higher payoffs. The question, therefore, becomes
one of learning in general, both individual and social. Payoffs (as they are
conceptualized in behavioral ecology)and reinforcements (as they are con-
ceived in psychology) associated with new versus old foods and techniques
determine the likelihood that the innovation will be repeated. If the inno-
vation is rare because of its difficulty, it will be unlikely that others will ac-
quire it because observers will have a low probability of secing innovators
repeat the new behavior. Individual and social learning are thus linked.
If an innovation has a higher probability of being incorporated into the
long-term repertoire of the originator in primates than it does in birds,
this alone could lead to differences in social learning trends. On average,
most birds are more mobile than primates; this mobility in itself may de-
crease the probability of repeating an innovative behavior done in a par-
ticular place and context.

4.4.2 Environmental factors

Tebbich, Taborsky, Fessl and Dvorak (2002) have recently looked at eco-
logical variation in twig tool use by Darwin’s finches in the Galapagos
Islands. In habitats and seasons that are extremely dry, insects withdraw
into crevices to conserve water and cannot be found by gleaning on the
ground. In humid habitats, gleaning is possible year-round and, in this
situation, Darwin’s finches do not use tools but search instead through
the ground vegetation with their beaks. A similar study by Higuchi (1987)
on green-backed herons documented individual differences in the use of
bait-fishing in different habitats. On territories where the water is deep
and herons fish from branches, lures are seldom used and individuals us-
ing them are not very successful; both lure use and success are high when
water is shallow and there are many rocks and bushes for the heron to
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use for concealment. The studies on herons and finches suggest that birds
do not use tools unless environmental conditions make alternative tech-
niques less profitable.

Tebbich et al. (z001) have looked at the relative roles of social learn-
ing and individual practice in using twigs by finches caught in the more
humid areas where they do not normally use twigs as tools. The strik-
ing result is that wild-caught finches spontancously used twigs to feed
on prey experimentally presented to them in cavities and that individ-
ual practice was as good as social learning at increasing the efficiency of
birds over time. These results again underline the fact that the absence or
low frequency of presumably cognitively demanding behaviors in many
wild birds can reflectenvironmentally determined pay-offs rather than in-
trinsic abilities. The study by Tebbich ez al. (2001) also underlines the fact
that many presumably complex foraging techniques in birds may not re-
quire social learning, as Sherry and Galef (1984, 1990) have shown for bot-
tle opening in Paridae. An obvious point for future research in the field
would be to measure the relative efficiency of simple and complex, socially
learned handling techniques in birds and primates. The usual foraging
currency of nutrients per unit time should be used, as Tebbich et al. (2001)
have done for twig use and gleaning. It might very well be that, in many
situations, the net energetic benefit of foods obtained through complex
techniques might be lower than that of foods obtained through simpler
means for birds, if only because of morphological limitations. If this is
so, the cognitive potential revealed in captive studies would be less
relevant than the economic variables that govern foraging decisions in the
wild (see the discussion of costs and benefits by Dewar in Ch. s).

4.4.3 Tool use and morphology of food-handling organs

Many cases of socially learned foraging appear to involve food types, but
van Schaik (Ch. 11) has proposed that social learning and imitation may be
crucial in mastering the complex motor acts required for tool use. Goal
emulation may also help observers to persist in improving the initial in-
efficiency that characterizes early attempts at tool use (S. M. Reader, per-
sonal communication). If van Schaik (Ch. 11) is correct, low frequencies
of social learning in birds might, in part, reflect the morphological lim-
itations that make tool use (and its accompanying social learning) rela-
tively awkward in many birds. In a review of the avian tool-use literature,
Lefebvre et al. (2002) found 128 cases in 108 species. This is more than some
authors have expected (e.g., Thomson, 1964, who cites only one case), but
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the numbers are more in line with those of avian social learning (total
n = 158) than they are with those of primate tool-use frequency. Reader
(Ch. 3 and Reader and Laland, 2002) has collected 607 cases of tool use in
primates, 249 of them from the wild; these numbers are in the same range
as those he has collected for social learning and innovations.

Many avian species show frequent use of tools: leaf probes in New
Caledonian crows, prey dropping in gulls and corvids, use of rocks as
shell-smashing anvils in song thrushes, use of lures to attract fish in
green-backed herons. In many other cases, however, tool use is rare and
seems to be used as a last resort. A case in point is Andersson’s (1989) de-
scription of “egg”-breaking attempts by a fan-tailed crow in Kenya; the
“egg” was a ping-pong ball and because its “shell” could not be broken,
Andersson observed the entire sequence of techniques the crow had in its
repertoire. The bird first tried the easiest one in terms of cognition and
motor complexity, pecking at the “shell” with its beak. It then flew up
with the “egg” and dropped it. When this failed, it clumsily attempted
to hammer the shell with an oversize stone, switching at last to a stone
of manageable size to increase hammering efficiency. What this exam-
ple illustrates is the relative inefficiency of tool use in many avian cases.
Morphological constraints may limit tool-use efficiency in many birds.
Birds, even flightless ones, have wings instead of arms and hands. (The
same limitation may apply to whales and dolphins, which have flippers
and are thus hampered in their tool-use potential.) True tools in birds,
ones that are held directly by the animal, are moved with the beak, which
isabetter toolinitself than a primate hand buta poorer implement mover.
Bird beaks have become morphologically specialized to crush hard shells
(parrots), hammer nuts and trees (woodpeckers), and probe deep into
flowers (hummingbirds) or tidal flats (shorebirds). Primate hands are in
general less morphologically specialized for handling. What the primate
hand lacks in hardness or length is made up in dexterity and in afford-
ing sight of the object during handling, two qualities that the rigid beak
of birds does not have. If, as proposed by van Schaik (Ch. 11), social learn-
ing is crucial to the adoption of similar forms of tool use by members of
a social group in primates, then the converse inefficiency of many tool-
using birds may be one factor behind the rarity of avian social learning
reports from the wild. Again, more studies of tool-using efficiency in the
field are required, similar to that of Tebbich ezal. (2002)in Darwin’s finches
and those of Zach (1979) and Cristol and Switzer (1999) in shell-dropping
corvids.
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4.4.4 Payoffs to alternative behaviors
Another factor may be differing costs and benefits of social learning and
innovation across the two taxa. In behavioral ecology, the use of a behavior
by an animal in a given situation is first and foremost an economic prob-
lem, and only secondarily a question of cognitive ability. Animals that are
perfectly capable of using a sophisticated ability may not do so in certain
circumstances because alternative behaviors pay more. In group-living an-
imals, payoffs are often frequency dependent. A dramatic example of this
is the effect of scrounging on social learning in pigeons. In this species,
the average caged observer requires only a few demonstrations of a new
feeding technique before it learns it (Palameta and Lefebvre, 198s). If the
nawve bird is foraging with the knowledgeable one in a group, however,
itcan witness hundreds of demonstrations of the new technique without
incorporating it in its repertoire (Giraldeau and Lefebvre, 1987; Lefebvre
and Helder, 1997). This is because group feeding often allows animals to
profit from the discoveries of others, a situation known in behavioral ecol-
ogy as the producer-scrounger game (Barnard and Sibly, 1981; Giraldeau
and Caraco, 2000). When a new technique yields a feeding payoff that can
be shared, producers learn it but scroungers do not, learning instead to
follow knowledgeable producers (Giraldeau and Lefebvre, 1986).
Although scrounging clearly blocks learning in pigeons, its effect may
not be general enough to account for the overall difference between pri-
mates and birds. First, several birds do not show the inhibitory effect of
scrounging. In the field, scrub jays (Midford, Hailman, and Woolfenden,
2000) and ravens (Fritz, Bugnyar, and Kotrschal, 1997) learn even when
they scrounge, whileNicol and Pope (1999) report similar results in captive
chickens. Second, inhibitory effects of scrounging have also been reported
in primates (Fragaszy and Visalberghi, 1989). In Japanese macaques, adult
males arealso known to scrounge in situations where access to food cannot
be controlled by knowledgeable individuals, for example, wheat floating
on water as opposed to potatoes held in the hand; in this situation, adult
males do not learn to wash wheat but instead take it from washing indi-
viduals (Kawai, 1965).

4.4.5 Group structure and attention to others

A fifth possibility is group structure and the way individuals in a
group pay attention to the feeding behaviors of others. In many avian
species, flocks are no more than aggregations, with individuals feeding
in close proximity but showing little social interactions beyond scramble
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competition. In pigeon flocks, for example, juveniles forage in the com-
pany of their sibling {Cole, 1996) and adults in the company of their mate
{Lefebvreand Henderson, 1986), but interactions between unmated adults
and between parents and offspring do not differ from chance (L. Lefebvre
and K. K. Hatch, unpublished data). In ringdoves, juveniles do not learn
from their father more readily than they do from a familiar, but unrelated
adult (Hatch and Lefebvre, 1997), contrary to the parent-offspring trans-
mission that has been suggested for social learning in Japanese macaques
{Kawai, 1965). Some avian species (e.g., corvids and geese) show the com-
plex, kin-based group structure typical of primates, but many bird flocks
and colonies are more similar to ungulate herds than they are to primate
troops. Dunbar (1998) has proposed that the number of interactions in
a group is a limiting factor for intelligence and memory and has conse-
quently been the main selective pressure for the evolution of neocortex
size in primates. The complexity of relationships in large groups is only
one of the factors that are thought to select for social intelligence in pri-
mates (for reviews, see Byrne and Whiten, 1988; Whiten and Byrne, 1997).
Differences in social learning between birds and primates could, in part,
be the result of differences in group structure and attention to others.
In the only comparative study available on primates, Cambefort (1981;
Jouventin, Pasteur, and Cambefort, 1976) found that differences in social
learning among vervet monkeys, mandrills, and chacma baboons were in-
deed in the same direction as differences in gregariousness.

4.4.6 Territoriality

A sixth factor may be territoriality. In many species of birds, individuals
defend exclusive access toafeeding area, either year-round or onaseasonal
basis. Mates and fledglings may share a territory, but foraging is often
solitary. In many primates, whole troops defend access to feeding ranges
against other troops. Defense is still present but does not entail solitary
foraging. Members of the group can thus observe each other feeding, even
if considerable spacing is often seen between individuals within a troop.
Solitary foraging, combined with defense, may have obvious detrimental
effects on social learning. Not only are others rarely present to provide
new feeding information, but whenever they are, territorial individuals
focus on aggression, not observation of foraging techniques. The limit-
ing effects of territoriality on social learning have been demonstrated in
at least three avian species. In Barbados, the zenaida dove aggressively de-
fends year-round territories in most parts of the island but feeds in flocks
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inrestricted areas like the harbor, where seed spillage is available in large,
temporally unpredictable patches. At the harbor, a feeding conspecific is
asource of information about ephemeral patches, which could be rapidly
depleted by a hundred competitors or cleaned up by a human; in terri-
torial zones, a feeding conspecific is instead an intruder, which is imme-
diately chased. Experiments have shown that territorial zenaida doves
do not learn from conspecifics (Dolman, Templeton, and Lefebvre, 1996;
Lefebvre et al., 1996), but that group-feeding harbor doves do (Carlier and
Lefebvre, 1997; Dolman et al., 1996).

Two other cases involve feeding innovations witnessed in the field. In
England, blue tits have learned to pierce the base of flowers to drink the
nectar. This innovation is extremely localized, however, and, contrary to
milk bottle opening, has not spread to neighboring areas or other birds
(Thompson, Ray, and Preston, 1996). The flowers bloom during a short
period in the spring; foragers aggressively defend territories during this
period and do not yet have fledglings to witness the behavior and assure
its vertical transmission. Thompson et al. (1996) have suggested that the
localized nature of the innovation may be a consequence of these two fac-
tors. In Barbados, territorial bullfinches have also been seen to use a local-
ized feeding innovation. At one hotel on the Caribbean coast, bullfinches
pierce small paper packets of sugar and eat the contents; sugar eating is a
frequent behavior in this species, but this is usually done at open bowls.
Reader, Nover, and Lefebvre (see Ch. 3) presented closed sugar packets at
several sites along the Caribbean coast of Barbados but saw packet open-
ing only at the single hotel site, suggesting a localized distribution of the
innovation. Territorial exclusion is the most plausible explanation for this
limited transmission, intruders being chased away by residents as soon as
they approach the potential learning site. Beyond these three examples, it
is impossible to tell for the moment if territoriality has a general limiting
effect on avian social learning.

4.5 Conclusions

Looking at the avian and mammalian (especially primate) literature on
socially transmitted feeding behaviors, we are left with a set of appar-
ent paradoxes. Herbivorous birds like geese show social learning, con-
trary to herbivorous mammals like cattle and horses. Granivorous birds
like budgerigars, pigeons, and quails show imitation, even if they use
simple food-handling skills in the wild. Birds yield thousands of feeding
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innovation reports, but only a few dozen cases of social learning. Re-
searchers seem to find avian social learning and imitation every time they
look for it in captive experiments, buc field reports are relatively rare. It
is possible that these paradoxes result from research biases and to low
interest for socially learned foraging on the part of ornithologists. More
research is obviously needed to increase sample sizes on bird feeding tra-
ditions and to target specific taxa. Feeding imitation should, for example,
be studied in hummingbirds, who are already known to show stimulus
forms of social learning (Altshuler and Nunn, zoo1). Comparative experi-
ments on herbivorous (e.g., geese, Fritz et al., 1999, 2000) versus omnivo-
rous (e.g., ravens, Fritz and Kotrschal, 1999) species could also help us to
understand the role of diet in the evolution of avian social learning. Be-
yond these limitations in the current dataset, however, it is possible that
real differences exist between avian and primate social learning. Six po-
tential sources for the differences have been discussed above, which could
be compounded with basic differences in neural substrate size. Even if a
crow has a much larger neostriatum/hyperstriatum ventrale than a quail
(five times larger relative to brainstem size; Rehkidmper et al., 1991), a pri-
mate is still much farther from the small-brained end of its class than is
a corvid. A baboon has a neocortex/brainstem ratio that is 30 times the
size of that of an insectivore like the tenrec (Stephan et al., 1988). The
difference is even more extreme for a chimpanzee: over 50 times larger
(Stephan et al., 1988). There is clearly more association area in a primate
brain than in even the largest-brained bird. The combination of these
neural differences with differences in mobility, group structure, territo-
riality, payoffs to alternatives, and morphology of food-handling organs
could have a multiplicative effect on many cognitive traits, offering a pos-
sible explanation for the contrasting trends in primate and avian social
learning.
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GWEN DEWAR

5

The cue reliability approach to social
transmission: designing tests for adaptive
traditions

5.1 Introduction

Traditions are behaviors that persist over time and are shared among
group members by virtue of social learning processes (see Ch. 1). The
direct observation of animals using social cues to discover or learn a
behavior is perhaps the most straightforward evidence of a tradition, and
numerous longitudinal, naturalistic studies and controlled laboratory
experiments have yielded such evidence (see, for instance, Chs. 7, 9, 13,
and 14). However, efforts to collect direct evidence are sometimes deemed
impractical; consequently investigators have sought ways to infer the
existence of traditions on the basis of indirect evidence. Can we identify
traditions when we lack direct observations of social learning?

I present a new approach for dealing with indirect evidence. This
cue reliability approach (CRA) addresses a special category of potential
traditions: behaviors that (a) reflect an individual’s classification of a stim-
ulus or tactic as cither safe or harmful, and (b) are costly if the individual
makes classification errors. Is hemlock a safe food or a dangerous toxin?
Should garter snakes be dismissed as benign trespassers or avoided as
lethal predators? Animals can answer these questions by consulting lo-
cal traditions. However, traditional knowledge is not necessarily the only
source of information available. The CRA is designed to help us to deter-
mine if animals need social cues to classify correctly potentially dangerous
stimuli or bad tactics. It begins by identifying a decision-maker’s options
regarding an unfamiliar stimulus or untested tactic, and the possible out-
comes associated with each option. Next, the approach asks what payoffs -
gains or losses in fitness — are associated with each outcome. This re-
veals how confident individuals need to be about the positive outcome of
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an option before they try it for the first time. If nonsocial sources of in-
formation are sufficient to convince individuals that the option is worth
attempting, we must conclude that convergent, independent learning
could explain why the behavior is widespread. Each group member might
perform the behavior because he or she has discovered it through inde-
pendent experience. If, however, the only way individuals can gain the
required confidence is by observing conspecifics demonstrate that the
behavior is safe to attempt, we can conclude that social cues are necessary
for individuals to acquire the behavior. In this way, the CRA provides a
stringent criterion by which to recognize traditions using indirect evi-
dence. Social cues must do more than aid learning; they must be neces-
sary for individuals first to attempt the behavior. Although some bona
fide traditions may fail to meet this criterion, and thus go unrecognized,
applying thisstringent criterion reduces the chance of a false positive, that
is, concluding that a group-wide behavior is traditional when it is not.

The CRA derives from basic principles of behavioral ecology and
shares the economic orientation of well-known theoretical treatments of
social learning and cultural transmission (e.g., Aoki and Feldman, 1987;
Boyd and Richerson, 1985; Boyd and Richerson, 1988; Cavalli-Sforza and
Feldman, 1981; Giraldeau, Caraco, and Valone, 1994; Laland, Richerson,
and Boyd, 1996; Rogers, 1988). However, the CRA differs from prior the-
ory by focusing on the economics of individual decisions to try, rather
than adopt, new behaviors. The CRA does not ask why animals ultimately
incorporate new strategies in their behavioral repertoires. Instead, the ap-
proach assumes that individuals might adopt new behaviors as a conse-
quence of the positive reinforcement they receive after attempting the
behaviors (Galef, 1995; Heyes, 1993). Moreover, the CRA does not address
the population dynamics of transmission. Instead, the CRA is concerned
with individual decision making and considers social cues solely from the
standpoint of what information they contribute about the value of trying
something for the first time (Box 5.1).

The CRA assumes that animals have evolved mechanisms that lead
them to try something new when they perceive that doing so is worth
the gamble. If true, cost-benefit analyses can help us to understand what
conditions should encourage animals to attempt specific new behaviors.
To illustrate, I discuss how researchers might begin to model two kinds
of decision: (a) to eat or reject an unfamiliar food, and (b} to respond or
fail to respond to an animal as a predator. Simple expected utility models
serve as instructive starting points, since they highlight the importance of



The cue reliability approach to test social transmission

Box 5.1. Cue reliability: an economic approach to traditions

Like the theoretical social learning literature (e.g., Aoki and Feldman
1987; Boyd and Richerson 1985; Boyd and Richerson 1988; Cavalli-Sforza
andFeldman 1981; Giraldeauezal., 1994; Laland et al., 1996; Rogers 1988)
the cue reliability approach (CRA) is economic in orientation. However,
the CRA should not be considered a contribution to this literature for
two reasons.

1. Unlike the theoretical social learning literature, the CRA does not
address the adoption of new behaviors, but only the first attempts at
such behaviors.

2. The CRA is concerned with individual decision making, rather than

the population-level dynamics of transmission.

Therefore, the CRA does not directly address social learning per se, nor is
it concerned with the consequences of social transmission. Instead, the
CRA focuses on the role that social cues can play in alerting individual
decision-makers to the existence of new behaviors that are safe enough
to attempt. What is “safe enough” depends on the particular costs and
benefits associated with the decision to try each behavior. To test poten-
tial traditions, the CRA uses three important concepts.

1. Payoffs. The payoff for a decision is the change in fitness that the
decision-maker receives for making that decision.

2. Thereligbility threshold. What is the chance thata decision will yield a
positive payoff? The reliability threshold specifies how probable a
positive payoff must be in order to justify a decision. It is calculated
by measuring the principle payoffs — positive and negative - that
could result from the decision. Different kinds of decision are
expected to yield different reliability thresholds.

3. Cue religbility. Cues are defined as “reliable” if they predict thata
behavior will result in a positive payoff with a probability that
exceeds the reliability threshold. Because reliability thresholds vary
for different decisions, the same minimum probability that renders
cues reliable in one situation may make them unreliable in another.

reliable predictive information - environmental and social cues - for the
decision-maker. If animals behave as payoff maximizers, such expected
utility models might be adequate to test for the existence of traditions
in wild populations. But the premises and assumptions of these models
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must themselves be tested, and more sophisticated models may be re-
quired. The purpose of this chapter is to encourage researchers interested
in nonhuman animal traditions to participate in the development and
testing of CRA models.

5.z The costs and benefits of responses to unfamiliar stimuli

5.2.1 Establishing the probability of independent discovery

For any learned, widespread behavior, there are two possible explana-
tions: either the behavior is traditional or the behavior is widespread be-
cause each individual practicing it has acquired the behavior on his or
her own. Direct approaches to identifying traditions seck to confirm the
first explanation by obtaining observations of social learning between in-
dividuals. Indirect approaches to identify traditions attempt to discount
the second explanation - independent acquisition by all individuals - by
showing that it is very improbable.

But why should independent acquisition be improbable, particularly
if the behavior in question is adaptive or profitable? Many alleged tra-
ditions may represent adaptive behaviors for coping with recurrent eco-
logical problems such as food choice, food processing, nest site selection,
or predator evasion. Such behaviors are rewarding, perhaps even self-
reinforcing. Therefore, once attempted, the probability that an individ-
ual will adopt such a behavior may be very high. To be safe, then, perhaps
investigators taking the indirect approach to identify traditions should
exclude all adaptive or profitable behaviors.

This is the reasoning behind the regional contrast approach: an ap-
proach to indirect evidence that has been favored by many investigators
(e.g., Whiten et al., 1999). The regional contrast approach, also called the
group contrast approach (Ch. 1) or the method of elimination (Ch. 11),
examines behavioral differences between two or more groups belonging
to the same species or subspecies. Because profitable behaviors are suspect,
intergroup behavioral differences that can be related to local differences
in profitability are eliminated from consideration. Any intergroup behav-
ioral differences that survive this process of elimination are then deemed
“traditional”.

Reasonable as this sounds, the regional contrast approach is flawed
because it misses a crucial point: although profitability can explain why an
individual repeats a behavioy, it cannot explain why an individual attempts a
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behavior for the first time. Even if positive reinforcement guarantees that in-
dividuals will adopt profitable behaviors, there remains the question of
how individuals come to make the first attempt. If it is very improbable
that individuals will make the first attempt without social cues, we can
discount the hypothesis that a custom was acquired independently by all
individuals. Consequently, taking an indirect approach to identifying tra-
ditions does not compel us to dismiss all profitable customs out of hand.
Instead, we should focus on the probability of independent discovery, that
is, the chances thata naive individual will first attempt a behavior without
the aid of social cues.

When is independent discovery improbable? One case is a complex
behavior that yields rewards only afzer the individual has skillfully com-
pleted a lengthy manipulative and/or tool-based sequence, as described
by Russon (Ch. 12). For instance, it might seem unlikely that a naive chim-
panzee will independently discover the principle of opening a nut with
hammerstone and anvil, especially if he or she has no prior experience
with nuts as food. And if this probability is low, the probability that
all group members independently discover nut cracking is even lower -
specifically, it is the chance of one independent discovery raised to the nth
power, where n is the number of individuals in the group that exhibit the
technique.

This example illustrates why we are intuitively persuaded that some
complex food-processing techniques must be traditions. Although an in-
dividual can discover new behaviors through individual exploration, the
probability of discovering some behaviors — including behaviors that re-
quire the completion of a lengthy action sequence before the individual
is rewarded — is low. When we observe that such a behavior is practiced
by many members of a population, the probability that every individual
independently discovered the behavior becomes vanishingly small, and
social learning isimplicated as the only remaining explanation. Of course,
our intuitions can fail us, so it is critical to confirm that the probabil-
ity of independent discovery really is low. For instance, it once seemed
plausible that social learning was the only explanation for sweet potato
washing among the Japanese macaques of Koshima (Nishida, 1987). How-
ever, Visalberghi and Fragaszy (1990) demonstrated that both capuchins
and macaques wash fruit spontancously, suggesting that the probability
of independent discovery of this behavior in monkeys is actually quite
high. By comparison, Terkel and colleagues (Terkel, 1996) conducted ex-
tensive experiments to demonstrate that naive black rats fail to discover
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pinecone stripping — a method of food processing — without the aid of
social cues, thereby confirming that the probability of independent dis-
covery is very low.

Complexity and difficulty of obtaining a reward are not the only factors
that can render independent discovery improbable. Another important
case is a behavior that is intrinsically dangerous to attempt. Consider, for
example, a preference for a particular species of wild mushroom. Eating
an unfamiliar type of mushroom does not require learning new action pat-
terns, nor must one be highly skilled to obtain a positive payoff for eat-
ing it. But eating an unfamiliar, untested food is potentially dangerous.
It might be toxic. Similarly, treating an unfamiliar creature as a benign
commensal does not require learning new, complex action patterns. But
relaxing vigilance is a gamble because the unfamiliar creature could be a
predator. If, on their own, individuals are unlikely to try certain behav-
iors because the potential dangers outweigh the potential rewards, then
we have a strong basis for inferring that these behaviors are traditional.
These are the behaviors that the CRA is especially designed to address.

5.2.2 Modeling the decision to try something new

Over its lifetime, an individual faces many decisions that (a) require the
classification of a stimulus or tactic as either safe or harmful, and (b) are
costly if the individual makes classification errors. Lacking perfect knowl-
edge of how a new stimulus or tactic ought to be classified, the naive in-
dividual cannot be sure which of its options is the most appropriate. On
the one hand, the best option might involve trying something new. On the
other hand, the untested option might be inferior to afamiliar alternative,
in which case the experimenting individual will incur an opportunity cost
and, possibly, an absoluteloss in fitness. In sum, the first attempt of a new
behavior is a gamble. Is it worth taking?

The answer depends on what possible outcomes are associated
with the available options. To take a simple case, consider a for-
ager who encounters an unfamiliar potential food item. He or she
must decide whether to eat the item or reject it in favor of pursu-
ing a familiar food. If we assume two possible states of the world,
(a) that the net payoff for eating the item is positive and (b) that the
net payoff for eating item is negative, there are four possible out-
comes associated with the decision to eat or reject (Tables.1). Each
outcome entails a payoff, though in this case two outcomes result
in identical payoffs, since the reward for seeking out familiar food
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Table 5.1. Payoff matrix: should a naive forager eat or reject an unfamiliar

potential food?
Status of unfamiliar potential food

Decision Safe Bad

Eat Positive payoff for eating safe Negative payoff for eating bad
unfamiliar food (G) unfamiliar “food” (—B)

Reject Net payoff for rejecting the Net payoff for rejecting the
unfamiliar item and seeking unfamiliar item and seeking
a familiar food instead (F) a familiar food instead (F)

See Box 5.2 for calculation of reliability threshold for this situation.

Table 5.2. Payoff matrix: should a naive individual direct an antipredator
response at an unfamiliar animal?

Status of unfamiliar animal

Decision Predator Not predator

Respond Energetic cost of response to Energetic cost of response to
predator (—R) nonpredator (—r)

Ignore Negative payoff for ignoring Payoff for ignoring
predator (—B) nonpredator (G)

See Box s.2 for calculation of reliability threshold for this situation.

remains the same regardless of the value of the unfamiliar item. Hence,
the decision is constrained by only three payoffs: the payoff for eat-
ing a “safe” unfamiliar item, the payoff for eating a “bad” unfamil-
far item, and the payoff for seeking out and eating a familiar item
instead.

Similarly, we can identify the possible outcomes and associated payoffs
pertaining to other simple decisions, such as whether to ignore or direct
an antipredator response at an unfamiliar potential predator (Table 5.2).
In this case, there are again four possible outcomes, each depending
on whether or not the potential predator is a real threat. If the payoff
for performing an antipredator response is identical whether or not the
potential predator is real, the decision-maker is again constrained by
only three payoffs: the payoff for performing the antipredator response,
the payoff for ignoring a true predator, and the payoff for ignoring a
nonpredator.
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If the decision-maker had perfect knowledge about the true state of the
world, he or she would simply choose the option that yielded the highest
payoff. Lacking perfect knowledge, the decision-maker can instead choose
according to the economic principle of expected utility. Assuming that the
decision-maker seeks the maximum expected payoff, the best option is cal-
culated by weighting the payoffs according to the probabilities associated
with each possible state of the world. For example, the expected payoft for
eating an unfamiliaritem s given by adding two sums: (a) the average pay-
off for eating beneficial new foods multiplied by the probability that the
unfamiliar item is beneficial, and (b) the average payoff for eating harmful
items multiplied by the probability that the item is harmful (Box s.2). If
this sum exceeds the expected payoff for rejecting the item and finding a
familiar food, the payoff maximizer should take the gamble and eat the
unfamiliar item. Similarly, the decision-maker should ignore an unfamil-
iar potential predator when the expected payoff for doing so exceeds that
for performing the antipredator response (Box 5.2). In each case, the best
option cannot be identified without knowledge of the possible outcomes
and the probabilities associated with these outcomes.

Given these requirements, social cues — the behavior of conspecifics —
can contribute crucial information to decision-makers about the probable
state of the world. For instance, if conspecifics only very rarely eat harm-
fulitems, then an individual who observes a conspecificeatinga particular
food type (or otherwise detects ingestion of a food, such as from smelling
the breath or excretions of a conspecific) can “conclude” that there is a
very high probability that eating the item is safe. More generally, decision-
makers can benefit from exploiting any cues - social or nonsocial - that
provide information about the probabilities of pertinent outcomes. How
high such probabilities must be to justify choices can be referred to as
the “reliability thresholds”. These thresholds, examples of which are pre-
sented in Box 5.2, depend on the costs of two kinds of mistake: attempt-
ing the new behavior when it is worse than the familiar alternative, and
rejecting the new behavior when it is better than the familiar alterna-
tive. Specifically, a reliability threshold for attempting a new behavior is
determined by the payoffs for (a) attempting the behavior, given that it
yields a positive payoff; (b) attempting the behavior, given that it yields
a negative payoff; (c) rejecting the behavior, given that it yields a positive
payoff; and (d) rejecting the behavior, given that it yields a negative payoff.

Thus, describing a decision’s payoff matrix permits us to specify how
probable a positive outcome must be to make attempting a new behavior
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Box 5.2. How to calculate the reliability threshold for heeding
social cues

Food traditions

When does it pay to eat an unfamiliar food? The answer depends on +G,
the average payoff for eating the item if it is safe; —B, the average payoff
for eating theitem ifitis bad or harmful; and +F, the average net payoff
for rejecting the item in favor of a familiar alternative (Table 5.1). Given
the probability P that the item is safe, the expected return for eating the
potential food item is

(PXG)+(1—P)-B)
and eating the item is more profitable than seeking out the familiar al-
ternative if

(PXG)+(—P)-B)>F
or

P > (F + B)/(G + B) (5.1)
Thus, an unfamiliar item is worth adopting if the probability that it is
safe exceeds

(F + B)/(G + B)

Potential predators

Similarly, we can discover when it pays to respond with antipredator
behavior to an unfamiliar animal, where —R is the average payoff for re-
sponding if the unfamiliar animal is a predator; —r is the average payoff
for responding if the animal is not a predator; —B is the average payoff
forignoring the animal given thatitis a predator; and +G is the average
payoft for ignoring the animal given thatitis not a predator (Table 5.2).
Given the probability P that the animal is a predator, an antipredator
response is more profitable than ignoring the animal if

(PX-R)+(1—P)~r)> (P{-B)+(1— P)G)
and an antipredator response is favored when
P>{(r+G)/(B+G—R+r). (5.2)

Alternatively, given the probability P’ that an animal is not a predator,
it is more profitable to ignore the animal if

P'>(B—R)/(B+G—R+T). (5.3)
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worthwhile. When the available information suggests that this probabil-
ity exceeds the reliability threshold, the optimal decision-maker should
attempt the new strategy. Otherwise, he or she should reject the new be-
havior and pursue the familiar alternative. If natural selection has favored
individuals who maximize their expected payoffs for such decisions, we
should expect animals to discriminate between reliable and unreliable
cues. This should be true whether cues constitute information provided
by conspecifics or by nonsocial aspects of the environment. What is impor-
tant from the decision-maker’s standpoint is what a cue indicates about
the probability that a particular behavior will yield a positive outcome.

Note that this differs from assuming that cues advertise which behav-
iors are best or most profitable. To reiterate, the CRA has nothing to say
about the adaptive value of adopting behaviors. Nor does the CRA claim
that social cues are especially likely to guide animals to discover optimal
behaviors. The CRA examines social and nonsocial cues from the narrow
standpoint of their potential to inform individuals about the safety of
trying new things.

Three major implications follow for the study of traditions. First, be-
cause reliability thresholds vary according to the distinctive payoffs as-
sociated with attempting or rejecting a specific behavior, no single rule
about social cues (e.g., “trust all social cues™ or “trust all social cues that
confer at least a 75% probability that a behavior is appropriate”) applies
to all situations. Returning to the examples discussed above, the decision
to treat an unfamiliar animal as a predator is almost certainly constrained
by a different reliability threshold than the decision to eat a novel food.
Moreover, reliability thresholds may vary significantly depending on the
species, age, sex, rank, or condition of the decision-maker. For instance, if
low-ranking individuals are denied access to high-quality familiar foods,
they should have lower reliability thresholds for sampling new foods than
should their better-fed, high-ranking conspecifics. Similarly, if smaller-
bodied animals are more vulnerable to predation than are larger bodied
animals, smaller animals should have lower reliability thresholds for
responding to potential predators. These examples illustrate that the
most realistic CRA models will address specific classes of behavior and,
where relevant, specific types of decision-maker.

The second major implication of the approach is that opportunities for
social transmission depend on the availability of reliable social cues. Sim-
ilar decision-makers facing similar problems may be constrained by iden-
tical reliability thresholds yet differ in their exploitation of social cues if
only some decision-makers have access to reliable cues. This may explain
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some of the variation between individuals, as well as between local popu-
lations and between species. To illustrate, consider the social transmission
of food aversions, which has been demonstrated in blackbirds (Mason,
Arzt, and Reidinger, 1984) but seems to be lacking in Norway rats (Galef,
McQuoid, and Whiskin, 1990). Suppose, for the sake of argument, that
this difference is related to the fact that blackbirds, but not Norway rats,
can eliminate ingested noxious items by vomiting. If watching a conspe-
cific vomit were the only social cue of food aversion reliable enough to ex-
ceed the reliability threshold, the rats’ failure to learn from social cues of
aversion might be attributable to a lack of reliable social cues. In order
to confirm that animals should heed social cues, then, one must estab-
lish that the available social cues are reliable. Operationally, this means
measuring the frequency with which a proposed social cue successfully
predicts that the behavior will yield a positive outcome.

The third implication of this approach is that social cue discrimina-
tion is merely a special case of general cue discrimination. Social cues
might convey useful information about the probability that a behavior
is safe to attempt, but so do nonsocial cues. This means that individuals
that lack reliable social cues may nonetheless attempt the appropriate
behavior if reliable nonsocial cues indicate that it is safe to do so. For
example, a decision-maker need not wait for a demonstrator to eat a food
if an observable property of the food, such as its odor, flavor, color, or
texture, reliably indicates that a food is safe to eat. Because nonsocial cues
may be sufficiently reliable to justify action, social cues are not always
necessary to explain why a decision-maker attempts a new behavior.
As a result, we cannot assume that a widespread, customary behavior
is socially transmitted merely because reliable social cues are available.
To rule out the possibility that the behavior is widespread because of
convergent, independent discovery, it is necessary to demonstrate that
the available nonsocial cues are unreliable. If nonsocial cues are unreliable,
individuals should be discouraged from spontancously attempting the
behavior, making convergent discovery an implausible explanation for
the widespread practice of behavior.

In summary, the CRA provides a theoretical framework to study pos-
sible traditions that would be potentially dangerous to discover through
independent exploration. It highlights four major points:

. the payoff-maximizing decision-maker attempts a new behavior if the
probability that the behavior is safe exceeds the value set by the
reliability threshold
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. cues indicating thata behavior is safe should be heeded as a function of
cuereliability, i.e., cues should be trusted only if they indicate that the
behavior is safe to attempt with a probability exceeding the reliability
threshold

. the importance of reliable social cues depends on the reliability of
nonsocial cues, i.e., animals do not need to attend to social cues if
nonsocial cues are reliable

. we can infer that social cues have contributed to the distribution of a
widespread behavior when social cues are reliable and nonsocial cues are
unreliable.

Of course, the last point does not mean that nonsocial cues must be un-
reliable for social cues to contribute to the spread of a behavior. Rather,
it is only when nonsocial cues are unreliable that researchers can exclude
the possibility that a behavior is widespread as the result of conver-
gent, independent learning. Assessing the reliability of both social and
nonsocial cues is, therefore, essential work for researchers interested in
establishing whether an apparently learned, shared behavior is a tradi-
tion. This suggests that investigators can contribute significantly to the
study of traditions by collecting data that will permit estimation of re-
liability thresholds and the intrinsic reliability of social and nonsocial
cues. Once this admittedly laborious task has been accomplished, we
can distinguish whether social cues ought to be heeded and, if so,
whether or not social cues are the only source of information that could
prompt a decision-maker to attempt the behavior for the first time
{(Box 5.3).

5.2.3 Usefulness of the cue reliability approach

5.2.3.1 Limitations and practical constraints

Although the CRA offers some advantages over the regional contrast
approach (see section 5.2.3.2 below), it is important to recognize that
the CRA is informative only under special circumstances. First, the CRA
deals only with potential traditions that have adaptive consequences for
those individuals who practice them. Behaviors of unclear adaptive conse-
quences, like stone handling among Japanese macaques (Huffman, 1996;
and Ch.10)or self-tickling with objects among chimpanzees (Whiten ez al.,
1999), are not addressed. For such behaviors, and for apparently adap-
tive behaviors for which we lack the ability to estimate reliability thresh-
olds, the CRA is uninformative. If direct evidence of learning between
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Box 5.3. How to test for the existence of an adaptive tradition

Assuming that decision-makers are presented with both social and
nonsocial cues about the safety of attempting a new behavior, four pos-
sible states of information exist:

1. Both social and nonsocial cues reliably indicate that the behavior is
worth attempting

2. Only social cues reliably indicate that the behavior is worth
attempting

3. Only nonsocial cues reliably indicate that the behavior is worth
attempting

4. Neither social nor nonsocial cues reliably indicate that the behavior is
worth attempting.

States 1-3 would all result in group-wide similarity of behavior as long
as group members are constrained by similar reliability thresholds
and encounter the same reliable cues. However, this similarity is the
possible result of social transmission only in states 1 and 2. In state 3,
group-wide behavioral similarity follows from individuals converging
on the same behavior by independently attending to nonsocial cues.
This leads to conclusion 1: to identify social transmission as the potential
cause of group-wide behavioral similarity, it is necessary to establish
that social cues are available and meet the requirements set by the
reliability threshold.

Next, note that the mere existence of reliable social cues is an insuf-
ficient criterion of social transmission. If, as in state 1, both social and
nonsocial cues are reliable, group members may converge on the same
behavior by independently attending to nonsocial cues. Reliable social
cues would be redundant and, therefore, could be potentially ignored.
This leads to conclusion 2: to identify social transmission as the only cause
of group-wide similarity of behaviors, it is also necessary to establish
that the available nonsocial cues are unreligble.

Therefore, although social transmission might occur in any situa-
tion in which social cues are reliable, we cannot be certain that social
transmission is the sole explanation for a group-wide practice unless we
rule out cases where reliable nonsocial cues are available. A cue reliability
appoach (CRA) secks to determine if the reliability threshold is greater
than nonsocial cue reliability and less than social cue reliability:

nonsocial cue reliability < reliability threshold < social cue reliability.
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individuals is unavailable (because longitudinal observations or experi-
mental data are lacking), the regional contrast approach represents an al-
ternative form of analysis.

Second, the CRA requires researchers to tackle difficult new questions
about what choices are available to animals and what “currency”, or proxy
measure of fitness, animals attempt to maximize. Researchers who apply
the CRA must confront the difficulties of operationalizing the elements
of the models they devise. The expected utility models described in this
chapter are offered only as first approximations of what might consti-
tute the decision-making variables important to real animals. Empirical
tests will be required to determine whether or not such simple mod-
els are realistic enough to yield accurate predictions. Some studies sug-
gest that animals do not always exploit environmental and social cues
in ways that seem consistent with optimality models (e.g., Fragaszy and
Visalberghi, 1996; Laland and Williams, 1998; Laland, 1999; Visalberghi
and Addessi, 20005 see also Ch. 7). To evaluate such evidence, we will
need to identify the costs and benefits that actually pertain in these cases
and assess cue reliability. For example, nonsocial cues may be more re-
liable than we think, especially among captive animals that have never
experienced “bad” outcomes for attempting new behaviors. Conversely,
we might overestimate cue reliability if we fail to identify predation risk
(see Section 5.3.1) and other factors that can raise reliability thresholds,
like interference or harassment from conspecifics (Baldwin and Meese,
1979; Giraldeau and Caraco, 2000). Consequently, closer scrutiny might
reveal that some cases of apparently nonoptimal cue exploitation are in
fact consistent with the predictions of the CRA. Other cases, however,
probably reflect oversimplifications inherent in expected utility models.
For instance, the expected utility models assume that decision-makers are
risk-indifferent, always seeking to maximize the expected payoff for any
decision to follow or ignore a demonstrator. If some decision-makers are
sensitive to risk, or probabilistic variation (Stephens and Krebs, 1986), a
more sophisticated treatment is needed. In addition, the expected utility
models presented here are designed only to address decisions to treat
unfamiliar stimuli as safe or harmful. The models do not apply to the
acquisition of complex behavioral sequences such as the hammerstone-
and-anvil nutcracking discussed in Section 5.2.1. In such cases, what
determines whether individuals will acquire new behaviors on their own
is not exposure to a single cue, but the extensive exploration of the
environment.
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5.2.3.2  Advantages of the cue reliability approach: a comparison with the
regional contrast approach

The CRA offers important advantages for the analysis of adaptive behav-
iors. For example, the CRA permits us to test potential traditions that the
regional contrast would dismiss. The regional contrast approach excludes
(a)behaviors thatareapparently universal and (b) behaviors thatare found
only in communities where they are locally profitable. In both cases, the
researcher reduces the chance of a false positive — the mistaken identifica-
tion of behaviors as traditions. However, this increases the chance of a false
negative — the rejection of a genuine tradition.

By contrast, the CRA can be extended, in principle, to any simple,
adaptive behavior whether or not it is universal. This is possible because
the central test of the CRA is concerned with the reliability of social
and nonsocial cues. Assuming that some apparent “traditions” are really
species-normal behaviors, they can be screened out as behaviors that can
be attempted on the basis of heeding reliable nonsocial cues. For exam-
ple, if a widespread preference for fruit is the result of a species-normal
bias, the mediating mechanism must include some way for individuals
to recognize fruit when it is encountered. Sensitivity to the observable
characteristics of edible fruit (e.g., flavor, scent, texture, shape, and color)
constitutes attentiveness to nonsocial cues. Assuming that the sensitiv-
ity to nonsocial cues is reliable, the CRA would rule out fruit eating as a
potential tradition.

The CRA might also help us to avoid misidentifying false traditions.
Consider the hypothetical case that portobella mushrooms are eaten in
Corsica and ignored in Malta. Portobella mushrooms are equally prof-
itable at both sites, but Malta has more toxic fungus species, including
toadstools that resemble edible mushrooms. If true, individuals living
in Malta are put in greater jeopardy for experimenting with unfamil-
iar mushrooms than are the inhabitants of Corsica. As a result, the same
nonsocial cue (“brownish, umbrella-shaped fruiting body found in dark
places”) that exceeds the reliability threshold in Corsica is unreliable in
Malta. If eaten, portobella mushrooms would be just as profitable to the
Maltese forager as they are to the Corsican. However, because it is more
dangerous to sample novel mushrooms in Malta, the experimentation re-
quired to discover portobella mushrooms is locally disfavored. Corsicans,
by contrast, can safely experiment and discover portobella mushrooms on
the basis of nonsocial cues alone. Therefore, a widespread preference for
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portobella mushrooms in Corsica might reflect independent, convergent
learning.

This case is hypothetical, but it illustrates how researchers practicing
the regional contrast approach could erroneously identify a behavioral
variant as a tradition. On the basis of the regional contrast approach, it
might seem that confirming the availability and similar profitability of a
behavioral variant at both sites would be enough. It is not. Nonsocial cue
reliability can vary between sites and thus explain why a particular behav-
ior is prevalent at one site and absent in another.

Finally, unlike the regional contrast approach, the CRA yields itself to
statistical analyses of error and variance. Because it deals with quantities
that can be measured, investigators can evaluate their conclusions with all
the conventional statistical tools available to scientists.

5.2.4 Summary: implications of the cue reliability approach

In conclusion, the CRA does not apply to complex behaviors that yield re-
wards only after the individual has skillfully completed a lengthy action
sequence. It is also uninformative when analyzing behaviors of indeter-
minate adaptive value. But it is useful for analyzing adaptive behaviors
that could be dangerous to discover through independent exploration. By
providing an alternative test based on cue reliability, the CRA shifts fo-
cus away from the task of identifying and eliminating all possible ecolog-
ical explanations for local differences in behavior, and it reveals instead
the importance of predictive information about the safety of attempting
the behavior. This permits us to test for traditions that are locally prof-
itable, including those that occur universally. The CRA also helps us to
avoid the mistake of ascribing intergroup behavioral variation to different
traditions when in fact it can be explained by local differences in nonsocial
cuereliability. The CRA highlights several important insights to the study
of adaptive social transmission.

1. Because reliability thresholds and social cue reliability vary depending
on the problem to be solved, the same individual is not necessarily expected
to heed social cues in all situations.

2. Because different populations may be constrained by different
reliability thresholds, the same social cue may not equally influence all
populations.

3. Demonstrators should influence observers only insofar as

demonstrator cues ate reliable. Therefore, while opportunities to learn from
demonstrators may vary according to a demonstrator’s age, sex, dominance rank,
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or temperament, observers should take advantage of these opportunities only
when demonstrator characteristics render social cues reliable.

4. Because convergent, independent learning can be ruled out when
individuals lack reliable nonsocial cues, we have evidence that a
widespread behavior is traditional when nonsocial cue reliability <
reliability threshold < social cue reliability.

The first three of these conclusions illustrate how the CRA leads to pre-
dictions that might not be otherwise obvious if we were to concern our-
selves purely with questions about regional contrasts and the psycholog-
ical mechanisms of social transmission. Conclusion 4 describes the logic
behind a potential new test for identifying traditions in the wild. When
nonsocial cues are unreliable, the probability is low that any given indi-
vidual will independently discover a behavior. And when this probability
islow, the probability thatall group members will independently discover
the behavior is lower still. As noted in Section 5.2.1, it is the chance of one
independent discovery raised to the nth power, where 7 is the number of
individuals in the group that exhibit the technique. While individuals
may sometimes make the “mistake” of experimenting when it is disad-
vantageous to do so, the CRA assumes that most individuals will not at-
tempt a new behavior if the net payoff for experimentation is less than
the payoff for sticking with familiar alternatives. We can make a strong
inference that social factors contribute to the widespread practice of a behav-
ior when social cues are the only cues that exceed the reliability thresholds
constraining most individuals.

Sections 5.3 and 5.4 discuss in broad terms how specific tests might
be devised to understand food preferences among generalist foragers and
the antipredation responses to snakes among capuchin populations. Al-
though reference is made to the expected utility models presented in
Box 5.2, I make no claims about the realism of these particular models.
As noted above, these models make a number of assumptions that may
require revision if they are to predict the behavior of real animals success-
fully. Indeed, these expected utility models — and any other, more sophis-
ticated CRA models that might be developed in the future — will have to
be tested experimentally to ascertain if animals do, in fact, recognize the
reliability thresholds that the models describe. If it can be confirmed that
animals discriminate between reliable and unreliable cues, and that ani-
mals act as if constrained by the relevant reliability thresholds, CRA mod-
els can offer field workers a new means of testing for traditions, including
those in natural settings.
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5.3 Application 1: devising a test for food traditions

5.3.1 Selecting an appropriate target population
and food preference

Group-wide food preferences are promising phenomena to be investi-
gated using the CRA. The simple decision to eat or reject an unfamiliar
potential food item has obvious adaptive importance for the generalist
herbivore or omnivore, which must discover new good foods while avoid-
ing harmful or toxic substances (Freeland and Janzen, 1974; Rozin, 1976).
Dietary generalists face the tasks of identifying and ranking a variety of
food types and pursuing those that offer the highest energetic and/or nu-
tritional returns (Stephens and Krebs, 1986). Therefore, even if all un-
familiar potential foods are nontoxic and yield a positive payoff, eating
them may be unprofitable compared with seeking out higher-quality, fa-
miliar foods. This suggests that at least some reliability thresholds gov-
erning food choice could be high, perhaps high enough to discourage for-
agers from sampling unfamiliar, potential foods on the basis of nonsocial
cues alone. If so, the CRA may allow us to identify some food preferences
as bona fide traditions.

Toincrease the chances of identifying such a food tradition, researchers
might focus on populations exhibiting group-wide preferences for a food
type belonging to a category that is relatively unsafe or unprofitable. In
such cases, nonsocial cues are less likely to indicate safe or good food, and
foragers might need to rely on social cues to discover which foods are safe.
For example, eating fungi may be more dangerous than eating fruit. If so,
it will probably be easier to demonstrate that a group-wide preference for
a particular fungus is traditional than to demonstrate that a group-wide
preference for a particular fruit species is traditional. Identifying such cat-
egories of potential food requires that we know enough about the for-
agers’ physiology to assess what potential foods would be more or less
profitable to eat. We also need to know enough about the foragers’ per-
ceptual system to judge what nonsocial cues might be salient to them (see
Section 5.3.2).

Other criteria for selecting an appropriate target population for study
have to do with measuring the net payoff, F, for seeking out familiar food.
The net payoff is the net change in fitness that results for choosing an op-
tion. In the case of F, this payoff might represent

F=f-s—h-r (5.4)
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where all components of F have been converted to a common currency,
like calories, and f is the energetic return for consuming one standard
unit of the average familiar food, s is the average search cost associated
with finding one standard unit of the average familiar food, £ is the aver-
agehandling cost associated with finding one standard unit of the average
familiar food, and r is the predation risk associated with seeking out one
standard unit of the average familiar food.

The ideal study population would be one for which this information
is easily obtained or simplified. Consequently, desirable features to be as-
sociated with the study population include a well-documented and/or
relatively small dietary repertoire (making feasier to calculate), well-
understood foraging patterns and activity budgets (making the search
cost easy to calculate), easily measurable average handling costs, and well-
understood (preferably trivial) predation risks. Although predation risk
has been quantified in common foraging currencies (e.g., Brown, 1999;
Ward, Austin, and MacDonald, 2000}, the problems associated with ob-
taining accurate measures of predation risk (e.g., Isbell, 1994) make it par-
ticularly desirable to focus on populations that lack significant risk of
predation.

Taking these considerations into account, the most promising pop-
ulations for study might include chimpanzees, guinea pigs, macaques,
pigs, pigeons, sheep, rabbits, rats, and wild or feral dogs. Below, I discuss
what kinds of information researchers would need to collect in order to
test for food traditions among such well-studied generalist foragers. For
illustration purposes, this discussion assumes that the expected utility
model in Box 5.2 adequately describes the decisions of these foragers.

5.3.2 How to calculate the reliability threshold for food choice

To estimate the reliability threshold using the expected utility model in
Box 5.2, one must know the average fitness payoffs for (a) eating safe novel
food, (b) eating unsafe novel “food”, and (c) rejecting novel food in favor of
secking outa familiar food for the population understudy. Itis convenient
to begin with the last of these, because the payoff for secking out familiar
food (F)is the yardstick by which the other payoffs can be measured. Tocal-
culate this payoff, one must decide how to measure f, the reward for eating
the average familiar food. One possibility is to estimate the average caloric
density (kilocalories per gram) of familiar food, i.e., to calculate what per-
centage, by weight, each familiar food type makes up of the overall diet,
multiply this percentage by the caloric density of the familiar food type,
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and sum for all food types. However, it is important to recognize that the
payoff for familiar food changes over time, rising and falling as the avail-
ability of high-quality familiar foods waxes and wanes. Animals should be
more likely to experiment with new potential foods during food shortages
when the payoff for familiar food has dropped, and, thus, the reliability
threshold has dropped as well. The pertinent estimate of the payoff for fa-
miliar food is thus the lowest one to have influenced novel food sampling
during the lifetimes of the youngest individuals that exhibit the group-
wide food preference to be tested. This is the threshold most likely to have
favored experimental food sampling by all group members.

The payoff for familiar food may also vary across environments and
across age-sex classes and ranks. The payoff is higher for individuals in
food-rich environments and for individuals with special access to high-
quality foods. For instance, some high-quality fruits are encased in shells
that only the strongest capuchin monkeys — usually adult males - can
open (see Ch. 13, for example). Hence, compared with females and im-
mature males, adult males may receive higher payoffs for eating famil-
iar foods. In such cases, it may be important to estimate distinct familiar
food payoffs and, thus, distinct reliability thresholds for different age-sex
classes.

To estimate the payoff for eating unfamiliar potential foods, re-
searchers must identify how foragers categorize foods. What cues do for-
agers use todistinguish food categories? For instance, do foragers discrim-
inate between sweet fruits and bitter fruits? Answering these questions
is important because foragers may be constrained by different reliability
thresholds depending on the categories they recognize. For example, if
sweet fruits are more profitable than bitter fruits, sweet fruits are prob-
ably associated with a lower reliability threshold. To determine what cues
and food categories are salient to foragers, researchers can consult the ex-
perimental literature on taste thresholds, olfactory thresholds, and visual
perception. This literature addresses an array of taxa, including nonhu-
man primates (e.g., Dominy et al., 2001; Hladik and Simmen, 1996), birds
(e.g., Rowe and Guilford, 1999; Schuler and Roper, 1992) ungulates (e.g.,
Forbes, 1998; Goatcher and Church, 1970), rodents (e.g., Glendinning,
1993; Sclafani, 1991), bees (e.g., Dukas and Waser, 1994), and butterflies
(e.g., Weiss, 1997).

Once the pertinent food category has been selected, the target pop-
ulation’s habitat can be surveyed for members of that category that the
target population ignores. For example, if the category of interest were
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mushrooms, researchers would collect samples of all available mushroom
types currently rejected by the target population. Chemical analysis of
each potential food type would permit the identification of types contain-
ingsecondary compounds of potential harm to consumers (e.g., Huffman,
1997; Wink et al., 1993). Those potential food types lacking such harmful
compounds could be labeled as “safe” and their caloric value calculated.
Their average value, as measured in standard units of the average famil-
iar food, yields an estimate of the payoff for eating safe novel food. Poten-
tial food types containing harmful compounds in high enough concentra-
tion to impair activity or health could be identified as “bad”. The average
loss they cause, as measured in standard units, would yield the payoft for
eating bad potential “food”. Note that, on the one hand, the payoffs for
novel food - safe or bad - do not incorporate search costs because novel
potential food is not sought out but encountered spontaneously. On the
other hand, researchers may need to incorporate food-handling or food-
processing costs into their calculations.

As was the case for the familiar food payoff, the payoffs for safe and
bad unfamiliar potential foods may vary for different habitats and for-
agers. For example, because soil condition or plant defenses may render
toxins more prevalent or potent at some locations (e.g., McKey, 1978), the
expected payoff for eatinga bad potential “food” may vary fromsite tosite.
Likewise, local conditions might cause the value of safe potential foods
to vary. Finally, if the capacity to detoxify and/or tolerate toxins varies
with age-sex class membership (Freeland and Janzen, 1974), different
foragers may face different payoffs for eating the same unfamiliar poten-
tial foods.

In summary, researchers should keep sources of variation in mind
when attempting to derive an estimate of the reliability threshold. In par-
ticular, to obtain the most precise and accurate threshold estimates, it
may be important to model different reliability thresholds for distinct cate-
gories of potential foods, insofar as foragers recognize such categories and
distinguish the potential payoffs associated with each. It is possible that
some categories of potential foods are safe and profitable enough when
eaten in small quantities, resulting in a low threshold for experimenta-
tion. Other categories of potential foods may be associated with such high
thresholds that only virtual certainty can justify experimentation. It is
also possible that individual characteristics, such as sex, age, body size,
and reproductive status, could significantly affect reliability thresholds.
Habitat differences might influence thresholds as well. Therefore, when
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estimating a threshold, it is important to specify what kind of food, for-
ager,and habitatare used for reference, and to recognize that the resulting
estimate might apply only in these circumstances.

5.3.3 How reliable arelocal cues?

Compared with estimating reliability thresholds, assessing cue reliability
is relatively straightforward. Nonsocial cue reliability is estimated by cal-
culating the frequency with which observable characteristics predict that
food issafe fora given category of potential food typesin the habitat. These
observable characteristics may be visual, olfactory, tactile, or taste stimuli
and are the same ones that define the threshold. Social cue reliability can
be estimated by observing the frequency with which demonstrators eat
food thatis also “safe” from the observer’s perspective. Given the possibil-
ity that individuals reap different payoffs for pursuing familiar foods and
may also exhibit different tolerances to toxins depending on their con-
dition, rank, and age-sex class membership, social cue reliability might
vary depending on who “demonstrates” and who observes. However, it
seems likely that most social animals have access to at least some reliable
social cues.

5.3.4 Shortcuts

When special conditions apply, it may be possible to avoid some of the
work described above and derive estimates of the threshold with less in-
formation. In particular, we can eliminate the need to estimate the values
of the payoffs for both familiar and unfamiliar foods if we are willing to
assume (a) the payoff for eating bad unfamiliar potential foods is zero
(rather than negative) and (b) the payoff for eating safe, unfamiliar poten-
tial food does not exceed the caloric reward for eating the average familiar
food.

The first assumption is uncontroversial because it can only resultin an
estimate of the reliability threshold that etrs on the side of being too low.
Such an underestimate might increase the chance of a false negative: the
rejection of a bona fide food tradition. This is especially true if a suspected
food tradition is associated with a potential food category that is danger-
ous overall, such that the actual expected cost of eating a bad food is high.
However, the assumption that the payoff for bad unfamiliar food is zero
reduces the chance of a false positive: the misidentification of a group-
wide food preference as traditional when it is not. Consequently, the as-
sumption cannot jeopardize the stringency of the test, which is our pri-
mary concermn.
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By contrast, the second assumption can harm the stringency of the test
ifitis unjustified. Isuggest that this assumption is reasonable, however, if
we have reason to believe that the target population is well adapted to its
environment. If the foraging population has had sufficient time to adapt
tolocal conditions, it seems likely that the average profitability of foods in
the dietary repertoire is at least as high as the average profitability of safe
foods that are not a part of the repertoire. This may not be true during
times of extreme or unprecedented food shortage, butit should hold true
during shortages that are a regular feature of the environment, for exam-
ple annual periods of food scarcity. For well-adapted foragers that do not
experience extreme or unprecedented food shortages, the formula for the
reliability threshold can be reduced to

(i-s—h-r) (5:5)
1—s—h—r (5.6)

where the expected payoff for eating safe novel food is equal to the ex-
pected caloric gain for eating familiar food, 1 standard unit, and s is the
cost of searching for a familiar alternative to the novel food, & is the aver-
agecost of handling or processing familiar food, and ris the predation risk
associated with seeking out familiar food as measured in these standard
units. If the target population also meets the ideal criteria of negligible
handling costs and predation risk, these variables drop outas well and the
cost of searching for familiar food alone can provide us with an estimate
of the reliability threshold for this special case.

In conclusion, for well-adapted foragers that have not lived through an
extreme or unprecedented food shortage, the CRA to testing whether or
notashared food preference is traditional can be reduced to the following
steps four steps.

1. Decide what category the proposed food type belongs to, for example
mature leaves, bark or mushrooms. The reliability threshold to be
estimated will apply only to this category, and the observable
characteristics associated with this category will define the nonsocial
cues.

2. Measure the search cost for seeking out familiar food and, if
applicable, the average cost of handling familiar food and the average
predation risk associated with seeking out familiar food. Calculate the
reliability threshold.
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3. Calculate the reliability of the relevant nonsocial cue(s); that is, the
probability that a potential food type exhibiting the observable
characteristics selected in step (1) is safe. If the reliability threshold is
meant to apply to leafy foods, for instance, the reliability of nonsocial
cues is the percentage of leafy foods in the local habitat that are safe.

4. Compare nonsocial cue reliability calculated in step (3) with the

estimate of the reliability threshold (2).

If nonsocial cue reliability does not exceed the threshold estimate, there
is strong evidence that group-wide preferences for food types of the speci-
fied category are maintained by social transmission. Only social cues are
reliable enough to justify sampling the food if it is unfamiliar. If, how-
ever, the nonsocial cue reliability exceeds the estimated threshold, inde-
pendent, convergent learning could explain the group-wide agreement
of food choice. There is insufficient evidence to conclude that the group-
wide preference is traditional.

5.4 Application 2: devising a test for responses to
potential predators

5.4.1 Selecting an appropriate target population

Like food choice, the identification of predators is a problem of obvious
ecological importance. Alarm calls, flight, and mobbing are typical preda-
tor responses in many taxa, and a large body of research indicates that
predator recognition may be learned socially (e.g., Curio 1988; Mathis,
Chivers, and Smith, 1996; Mineka and Cook,1988). However, some aspects
of predator recognition may develop invariably in almost all individuals,
regardless of experience (e.g., Coss, 1991), and it seems likely that animals
come equipped or “prepared” (Seligman, 1971) with an evolved bias to rec-
ognize some stimuli as predators more readily than others (e.g., Curio,
1988; Mineka and Cook, 1988).

When might we be able to conclude that a particular example of preda-
tor recognition ina wild population is a bona fide tradition? The crucial test
would compare nonsocial cue reliability with the reliability threshold for
responding to potential predators (Box s.2). If this reliability threshold
is very low (such that an animal is better off assuming that an unfamiliar
stimulus is a predator, even on the basis of very weak cues), social cues may
be unnecessary to explain why individuals alarm call, flee, or mob particu-
lar types of animal. Nonsocial cues may provide ample evidence to justify
the antipredator response.



The cue reliability approach to test social transmission

For this reason, it may be more useful to look for cases in which the
members of a group consistently fail to recognize a given species as a po-
tential predator. When should an individual treat an unfamiliar animal as
a harmless nonpredator? In this case, the reliability threshold is the com-
plement of the threshold for antipredator response. It is high when the
threshold for antipredator response is low. The reliability threshold for
ignoring a potential predator is given in Equation 5.2, in Box 5.2. Note that
the threshold will be high when B, the penalty for ignoring a true preda-
tor, is high relative to G, the payoff for ignoring a nonpredator. Therefore,
to maximize our chances of detecting a traditional policy of “relaxed in-
difference” towards a potential predator species, we want to identify sit-
uations where the potential prey population has much to lose by making
a mistake yet consistently ignores a species belonging to a category asso-
ciated with dangerous predators. Once such a situation has been identi-
fied, the appropriate predator response should be specified and the rele-
vant payoffs estimated.

The response of capuchin monkeys to snakes may be a promising
area of study. Capuchins at Palo Verde appear to ignore indigo snakes
as a potential predator (see Ch. 13). By contrast, capuchins at Santa Rosa
and Lomas Barbudal have been observed to alarm call and/or mob indigo
snakes. Assuming these observations reflect a real difference between
groups, what do we need to know to determine if the difference is
traditional?

5.4.2 How to calculate the reliability threshold for decisions to
ignore potential predators

For the purposes of illustrating how the CRA might work, I assumed
that the expected utility model adequately describes the decisions that
capuchins make about snakes. I also assumed that two choices are avail-
able to a capuchin that encounters a snake at striking range: (a) to ig-
nore it, which means going about business as usual; and (b} to retreat
to a safe distance and engage in alarm calling and mobbing behavior
for a specified length of time. This simplification overlooks a third op-
tion, which is merely to retreat without engaging in any other antipreda-
tor behavior. However, assuming that the combination of retreat and
mobbing behavior is more costly than mere retreat, the simplification
will not threaten the stringency of the CRA test. This is because the
payoff for responding to false predators (—r) occurs in the denomina-
tor of the formula for the reliability threshold (Equation 5.2). Therefore,
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the more costly the antipredator behavior, the lower the reliability thresh-
old for ignoring potential predators. And the lower the estimate of the
reliability threshold, the less likely it is that false-positive errors will
occur.

I also assumed that snake mobbing and alarm call behaviors do not
pose asignificant danger to capuchin mobbers because they harass snakes
from a safe distance (S. Perry, personal communication). Consequently,
the primary expense of harassment is the energy expended by mobbers.
Furthermore, suppose that the {negative) payoffs for mobbing are simi-
lar whether or not the snake is a true predator; that is, it takes as much
energy to mob a dangerous snake as it does a harmless one (this ignores
the possible inclusive fitness benefits for mobbing a true predator as op-
posed to a false predator). If these assumptions are true, then ~r = —R,
and Equation 5.2 above can be reduced to

P > (B-R)/(B+G) (5.7)

where P is the probability that the animal is nos a predator, B is the ab-
solute value of the negative payoff for ignoring a predatory snake, —R is
the negative payoff for mobbing a predatory snake, and G is the positive
payoff for ignoring a harmless, non-predatory snake. What are these pay-
offs in operational terms? If we use calories as a proxy for fitness, one way
to answer this question is to determine how much time is involved in the
average snake-mobbing episode. With this information, and information
about the rate at which calories are expended during mobbing activities,
—R can beestimated. Similarly, assuming thatsnake mobbings occur dur-
ing periods that would otherwise be spent foraging, G could be estimated
by obtaining the average rate of caloric return for foraging over the equiv-
alentlength of time it takes to mob. The most abstruse payoff, —B, would
then reflect the average loss in fitness (as measured in calories) resulting
from permitting a predatory snake to strike from a close distance. This
average would reflect the outcomes of both successful and unsuccessful
strikes, weighted by the probabilities of their occurrence.

Obtaining an estimate of |B| might seem prohibitively difficult, but
even a rough estimate may be useful, as long as it is an overestimate that
will not threaten the stringency of the test. Moreover, what is crucial when
estimating the reliability threshold is not the absolute measures of the
payoffs, but the values of these payoffs relative to each other. For instance,
define G, the payoff for ignoring the snake given that it is harmless, as
the arbitrary unit of measurement. Given that G is the net caloric return
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for foraging over the average length of time it takes to mob a snake, this
unit could be called the “snack”. The researcher’s task is to reckon an up-
per boundary estimate for | B| as measured in snack units. Moreover, to the
degree that snake mobbing by capuchins consists primarily of watching
the snake from a safe distance and barking at it, it seems very likely that R,
the absolute value of the cost of mobbing, is no more than one snack unit.
That is to say, capuchins probably do not spend more energy mobbing
than the net energy they could have earned if they spent the time foraging.
When this assumption holds true, G = R and we can replace the previous
formula with

P > (B —1)/(B +1). (5.8)

Therefore, at minimum, fieldworkers need to be able to estimate how high
B is relative to 1 snack, the net return for foraging over the average length
of time it takes to mob a snake.

5.4.3 How reliable are local nonsocial cues?

As was the case for food choice, the crucial measurement to obtain for
nonsocial cue reliability about snakes is relatively straightforward. What
percentage of snakes at Palo Verde are harmless to capuchins? Assuming
that capuchins encounter both harmless and predatory snakes at rates
reflecting the snakes’ representation in the habitat, the answer to this
question provides us with a good estimate of the probability that any
encountered snake is harmless. If this probability fails to exceed the
estimated reliability threshold, we have a strong case for a tradition of
ignoring indigo snakes.

5.5 Conclusions

The CRA may represent a valuable new tool to study potential traditions
among wild populations. By identifying cue reliability as a crucial factor
influencing an individual’s first attempt at a behavior, the approach sug-
gests a new way to test whether or not a widespread behavior is a tradi-
tion. This new way is effective even when (a) the intergroup distribution
of a learned behavior is influenced by ecological factors and (b) a learned
behavior is habitual or customary at all known sites.

The CRA also provides a theoretical basis for generating new, testable
questions about the occurrence of traditions, and it highlights what
data need to be collected to exclude the possibility that behaviors are
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widespread by virtue of convergent, independent learning. Although it
is unlikely that CRA tests will always be feasible, the CRA can clarify
what researchers need to know to demonstrate that social cues are nec-
essary to explain an adaptive custom in a wild population. For example,
observations made at Mahale suggest that chimpanzees of all ages were
encouraged to sample guavas, mangoes, and lemons by having seen a va-
riety of demonstrators doing so {Takahata ¢t al., 1986). However, since we
lack information about cue reliability and the reliability threshold, we
cannot say whether chimpanzees needed social demonstrators to prompt
their (presumed) first attempts at eating the fruits. Given that the fruits
were human cultigens, artificially selected to exhibit exaggerated cues of
edibility (i.c., sweeter taste and reduced bitterness), it seems very likely
that they could be judged safe to eat on the basis of nonsocial cues alone.
This seems especially likely in the light of evidence that chimpanzees
have a higher tolerance for bitter flavors than do human beings (Nishida,
Ohigashi, and Koshimizu, 2000). If we are interested in identifying sim-
ple, adaptive customs that require the influence of social cues to become
widespread, the CRA suggests that the best places to look are those where
reliability thresholds are high and nonsocial cue reliability is low.

Similarly, intuition may argue that medicinal plant use (Huffman and
Wrangham, 1994) must be traditional because it would be very difficult
to learn through trial-and-error. However, once we focus on cue reliabil-
ity, we may find that medicinal plant use is easier to discover indepen-
dently than we thought. For instance, if bitter taste is a reliable cue of
antihelminthic properties (Huffman, 1997; Johns, 1994), animals may be
able to discover medicinal plants without the help of demonstrators. The
problem can be characterized by a food choice reliability threshold where
the question is not “is this novel item worth eating compared with seek-
ing out familiar food?” but, rather, “is this novel item worth eating com-
pared with doing nothing and remaining ill or parasitized?” If the payoff
for doing nothing is low, the reliability threshold for eating potentially
medicinal plants is reduced. Moreover, the CRA reminds us that social cue
reliability should not be taken for granted. Assuming that medicinal plant
use is socially transmitted, what behaviors or signals from conspecifics
could be reliable indicators that a plant is “good medicine?” Reliable so-
cial cues must be identified before the traditional status of medicinal plant
use can be tested.

Finally, the CRA suggests that the regional contrast argument for a
tradition - that a strategy is traditional if it is equally advantageous at
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two sites but practiced only at one - is flawed. It is not the profitability
of practicing the strategy that is crucial but instead the risk entailed by
attempting something new. The CRA helps to clarify that the true alterna-
tive explanation for an apparent tradition is not local profitability or uni-
versality, but convergent, independent learning encouraged by reliable
nonsocial cues.
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6

“Traditional” foraging behaviors of brown and
black rats (Rattus norvegicus and Rattus rattus)

The brown rat, in particular, appears especially able to develop local
traditions, more so perhaps than other more-closely examined mam-
mals, possibly including the anthropoids.

STEINIGER, 1950, P, 368

64 Introduction

Imagine, if you will, an energetic, young graduate student who has estab-
lished a study site near Para, Brazil, where she spends 3 years observing
a geographically isolated population of capuchin monkeys that no other
primatologist has looked at. Imagine further that our graduate student
soon finds, to her great surprise and pleasure, that all of the members of
one troop of capuchins at Para, unlike any previously studied capuchins,
regularly hunt and eat small lizards. Many months of demanding field
work show that the lizards are the source of more than 20% of the calories
and 36% of the protein ingested by troop members.

Discovering a complex, biologically meaningful pattern of behavior
thatis unique toa particular population of monkeys would beasignificant
eventin the career of any behavioral scientist. Surely, before very long, our
imaginary graduate student is going to want to tell her colleagues, and
quite possibly members of the media as well, about her discovery. To do
so, she is going to have to decide how to refer to the unusual behavior that
her field studies have documented.

If our imaginary graduate student were to make the conventional
choice, and there is little reason to doubt that she would, she would soon
be referring to the lizard hunting she has observed as “cultural”, as a
“tradition” of the capuchins at Para. Her decision may seem a trivial one,
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but dozens of similar decisions made over decades have had unintended
effects leading the unwary to conclude that intellectual problems have
been solved that have not even been addressed.

6.1.1 Defining tradition

The English word “tradition” derives from the Latin traditio meaning ei-
ther the action of handing something over to another or of delivering up
a possession (Lewis and Short, 1969). In ordinary speech, a behavior de-
scribed as “traditional” is one thathas been learned in some way from oth-
ers and is passed on to naive individuals (Gove, 1971). Consequently, call-
ing a pattern of behavior “traditional” implies (ot, at the least, will surely
lead a listener to infer) that social learning of some kind has played a role
in its development. Those unfamiliar with the literature on traditions of
animals may even infer that the behavior described as traditional or cul-
tural is actively transmitted by the knowledgeable to the naive by teach-
ing, imitation, or some other complex process, as are most elements of
human culture (Galef, 1992).

Of course, the word used to describe a phenomenon is of little impor-
tance so long as the label does not interfere with understanding, as de-
scribing population-specific behaviors as traditional seems sometimes to
do (Whiten and Ham, 1992). What is important is that we not allow the
use of words from the common language as technical terms to cloud our
thinking about behavioral phenomena.

Why field workers have until fairly recently labeled as “traditional” es-
sentially any pattern of behavior common in one population of a species
and rare or absent in others is not obvious. Whatever the origins of the
practice, it is problematic for those interested in the processes responsible
for the development of specific patterns of behavior. Behavioral differ-
ences among groups can often be explained as the result of asocial devel op-
mental processes (see Ch. 11). Consequently, referring to any population-
specific behavior as traditional before it has been established that it is
transmitted from individual to individual by social learning conceals the
need for developmental analysis.

Tradition, like adaptation (Williams, 1966), is an onerous concept that
should be employed only when there is evidence that social learning of
some kind actually plays a role in dissemination of the supposedly tra-
ditional behavior. Otherwise, description of a behavior as “traditional”
serves only to camouflage ignorance of the developmental processes
responsible for the spread of behaviors so labeled.
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Calling a population-specific behavior traditional before the causes of
its development have been identified has a further unfortunate conse-
quence. Those with a primary interest in areas other than behavioral de-
velopment may assume thatonce ithas been established thata behavioris,
in fact, traditional in an animal population (i.e., that it is learned in some
way by the naive asaresult of interaction with knowledgeable others), the
causes of its diffusion are known.

6.1.2 Tradition and social learning

Gaulin and Kurland (1976, p. 374) may have overstated the case in as-
serting that “Unless the spread of a behavioral trait is attributable to a
particular diffusion mechanism, the concept of tradition is completely
uninformative”. Surely, the concept of tradition differentiates those in-
stances of behavioral variance resulting from social transmission from
those resulting either from genetic processes or from behavioral differ-
ences reflecting response to variation in the asocial environment. Still,
Gaulin and Kurland (1976) focused attention on an important issue. So-
cial learning processes, from “teaching” (Caro and Hauset, 1992) to “local
enhancement” to “true imitation” (Thorpe, 1963), can result in trans-
mission of behavior from one individual to another. Consequently, for
those interested in understanding either behavioral development orsocial
learning processes, calling a population-specific behavior “traditional”
answers relatively few questions and raises many.

6.2 Alternative explanations of behavioral variation

Variance among individuals in behavioral development can be conceived
of as caused by interaction of three types of information: (a) genetically
transmitted information received from parents, (b) information acquired
individually as a result of direct transactions with the asocial environ-
ment, and (¢) information acquired by individuals as a consequence of in-
teractions with conspecifics (Galef, 1976). Obviously, simply discovering a
difference in the behavior of two populations does not demonstrate that
social learning produced that difference. Less widely appreciated is the
converse proposition. Discovery of singular properties of either the gene
pool or ecology of a population that exhibits a unique pattern of behavior
does not mean that social learning is excluded as a cause of diffusion of
that behavior.
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The relationship among findings in genetics, ecology, and the study
of social learning has produced sufficient misunderstanding (see, for
example, the exchange in Science between Strum (1975, 1976) and Gaulin
and Kurland (1976)) that discussion of a concrete example may prove
useful.

6.3 An example: vampire finches of Wolf and Darwin Islands

Measurement of body parts of adult male, sharp-beaked ground finches
(Geospiza difficilis) on Wolf (Wenman) and Darwin (Culpepper) Islands
{40 km apart and 100 km from the closest other island) in the Galapagos
Archipelago has resulted in classification of G. difficilis on these two
islands as a distinct subspecies (septentrionalis) (Lack, 1947, 1969; Schluter
and Grant, 1982, 1984). Such classification may lead to the inference that
the unique morphology of G. difficilis on Wolf and Darwin Islands reflects
differences between the genotypes of G. difficilis septentrionalis and those
of G. difficilis found elsewhere in the Galapagos. Indeed, DNA analyses in
progress at the time this manuscript was in preparation are providing di-
rect evidence that G. difficilis found on Wolf and Darwin Islands is geneti-
cally distinct from other population of the species (P. Grant, personal com-
munication, September 8, 1999).

Sharp-beaked ground finches found on Wolf and Darwin Islands differ
from those found elsewhere in the Galapagos not only in heritable mor-
phological characters but also in their environment and behavior. For ex-
ample, Wolf and Darwin Islands are not inhabited by the predatory owls
and hawks that are found elsewhere in the Galapagos Archipelago. Possi-
bly as a consequence, G. difficilis septentrionalis exhibits “a tameness that is
most striking” (Bowman and Billeb, 1965, p. 41).

Wolf Island is also the only place in the Galapagos where Opuntia
(prickly-pear) cacti are found that do not also support species of ground
finches (G. scandens and G. conirostis) that are specialized feeders on
Opuntia. Perhaps because of the absence of efficient competitors on Wolf
Island, G. difficilis birds found there, unlike conspecifics elsewhere in the
Galapagos, probe Opuntia flowers for nectar and pollen.

More startling, G. difficilis subspecies on Darwin and Wolf Islands, but
not others of their species, perch on the tails of masked and red-footed
boobies (large, white-bodied seabirds of the genus Sula), draw blood by
pecking at the base of boobies’ feathers, and feed on blood flowing from
the wounds thus created. Also on Wolf and Darwin Islands, but not
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elsewhere, G. difficilis uses its relatively long bill to pierce seabird eggs
and eat their contents (Bowman and Billeb, 1965; Koster and Koster, 1983;
Schluter and Grant, 1982, 1984).

In sum, the G. difficilis septentrionalis subspecies exhibits four
population-specific behaviors: unusual tameness, feeding on cactus
flowers, feeding on birds’ eggs, and feeding on blood. The last of these
four population-specific behaviors is the one most frequently referred to
in the literature as a “tradition” of finches on Wolf and Darwin Islands,
so I shall focus discussion on it. The question, of course, is whether the
wealth of available information regarding the taxonomy, ecology, and
natural history of sharp-beaked ground finches is sufficient to deter-
mine whether the unique patterns of behavior exhibited by G. difficilis
on Wolf and Darwin Islands are “traditional” in the strict sense of the
term.

6.3.1 Isblood feeding an animal tradition?

To test the hypothesis that the unusual behaviors exhibited by G. diffi-
cilis septentrionalis are traditional, information is needed about social in-
teractions that might increase the probability that an individual born on
Wolf or Darwin Island would exhibit behaviors typical of the G. difficilis
found there. Although hypotheses relating to the development of such
unique behaviors will surely incorporate information about ecology and
genetics, their test requires study of behavioral development in individ-
uals. Analyses at population, ecological, or genetic levels are simply not
sufficient.

For example, Bowman and Billeb (1965) have suggested, regarding the
habit of blood feeding, that (a) during the dry season, when insects (the
typical fare of G. difficilis) are reduced in numbers, boobies are frequently
infested with black hippoboscid flies that are, at least to ahuman observer,
very conspicuous against the boobies’ white plumage, and (b) finches
might pursue flies on boobies and develop the blood-feeding habit as a re-
sultof accidentally puncturing a booby’s skin while attempting to capture
afly.

Although such an account fails to address directly the question of
why G. difficilis on Wolf and Darwin Islands feeds on the blood of boo-
bies, whereas G. difficilis found elsewhere does not, the explanation is at
a level of analysis appropriate to that issue. To understand the origins of
blood feeding we need information about how the behavior develops in
individuals.
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Heritable differences in tameness might permit G. difficilis septentri-
onalis to approach boobies when other subspecies of G. difficilis would
not. Heritable differences in beak shape might increase the ease with
which this subspecies gains access to blood. There might also be herita-
ble differences among subspecies of G. difficilis in the tendency to attack
seabirds. However, ecological differences among islands of the Galapagos
Archipelago might make blood feeding particularly valuable to finches
on Darwin and Wolf Islands, maintaining a behavior in which all G. dif
ficilis subspecies would engage, if they were exposed to similar ecological
conditions.

Last, it is also possible that a very rare incident allowed one G. difficilis
septentrionalis bird living on Wolf or Darwin island to learn to attack boo-
bies and feed on their blood, and that the habit of blood feeding devel-
oped in others as a result of learning from this innovator. Indeed, blood
feeding may have developed or be maintained in response to all five of
the factors mentioned above interacting in complex ways in the unique
situation, environmental, genetic as well as social, in which all the birds
of this subspecies live. Determining causes of the unusual behaviors of
sharp-billed ground finches on Wolf and Darwin Islands would require
experiments, in addition to observation and correlational analyses. Such
experiments have not been and, given the protected state of the genus,
may never be conducted with Darwin’s finches. However, behaviors that
are engaged in by members of some populations of a species but not oth-
ers have been found in species less fragile than the ground finches of the
Galapagos Archipelago.

6.3.2 Primate traditions

In the anthropological or psychological literatures, particular attention
has been given to evidence consistent with the view that at least some
of the unusual behaviors observed in only one or a few chimpanzee,
capuchin, or dolphin troops may be behavioral traditions (for review
see Whiten et al,, 1999 and Chs. 13 and 14). However, in apes and in
capuchin monkeys, as in the Galapagos finches discussed above, the
hypothesis that population-specific patterns of behavior observed in
free-living populations are traditional does not rest on experimen-
tal evidence. Rather, the conclusion that such species exhibit true
behavioral traditions depends largely on exclusion of alternative expla-
nations of the origins of population-specific behaviors (for an exception,
see Ch. 5).



“Traditional” foraging behaviors in rats

6.4 Traditions of rats

It is seldom mentioned in discussions of the possibility of population-
specific patterns of behavior in primates that the most convincing evi-
dence of behavioral traditions in free-living, nonhuman animals is to be
found not in the geographical distribution of patterns of tool use by our
great ape cousins or of social behaviors in our more distant primate rela-
tives but in the singing of passerine birds and the feeding habits of Norway
and black rats (for a refreshing exception, see McGrew, 1998).

The fact that evidence of behavioral traditions is not restricted to our
close phylogenetic relatives is important because it serves as a reminder
that evidence of traditional patterns of behavior in animals, no matter how
convincing, is not evidence of mental processes in animals similar to those
supporting traditions in humans (Galef, 1992). Indeed, analyses of tradi-
tions in nonprimates, particularly in Norway and black rats, have demon-
strated repeatedly that animal traditions can rest on rather simple behav-
ioral substrates.

6.4.1 Field evidence of traditions in Norway and black rats

Norway rats (Rattus norvegicus) are the most successful, nonhuman mam-
mals on the planet and are found breeding from Nome, Alaska (64°32' N),
where they live on human garbage (Kenyon, 1961), to South GeorgiaIsland
(54°90’ S), where they subsist on a diet of tussock grass, beetles, and
ground-nesting birds (Pye and Bonner, 1980). Much of the biological suc-
cess that rats enjoy results from their ability to adapt their foraging to an
extraordinary range of ecological conditions.

Not surprisingly, given the plasticity of the foraging behavior of
Norway rats, most population-specific behaviors in the species invol ve for-
aging of one sort or another. Norway rats living on the banks of ponds in
a hatchery in West Virginia catch fingerling fish and eat them (Cottam,
1948). Many members of some colonies of Norway rats living on the
banks of the Po River in Northern Italy dive for and feed on mollusks
inhabiting the river bottom, whereas no members of nearby colonies
with equal access to mollusks prey upon them (Gandolfi and Parisi, 1972,
1973; Parisi and Gandolfy, 1974). On the island of Norderoog in the North
Sea, Norway rats frequently stalk and kill sparrows and ducks (Steiniger,
1950), though they have not been reported to do so elsewhere. Colonies
of black rats (Rattus rattus) thrive in the pine forests of Israel by remov-
ing scales from pinecones and eating the seeds that the scales conceal, a
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behavior not reported in other populations of black rats (Terkel, 1996),
and so on.

6.4.2 Laboratory studies of “traditions” in free-living rats
Numerous instances of possible socially transmitted behavior have been
analyzed in laboratory studies of rat behavior: everything from move-
ment in a T-maze to predation on house mice and avoidance of candle
flames (e.g., Church, 1957; Flandera and Novakova, 1974; Lore, Blanc and
Suedfeld, 1971). However, most systematic, experimental investigations
of traditions in rats have involved analyses of instances of population-
specific patterns of behavior that, like those mentioned in the preceding
section, were first described by those studying free-living rats.

Fortunately, population-specific behavior observed in rats can often
be reproduced in the laboratory. Consequently, development of such be-
haviors can be examined experimentally, and assertions that population-
specificbehaviors seenin free-living animals are, in fact, traditional can be
critically evaluated.

6.4.3 Learning what to eat

6.4.3.1 Field observations

Fritz Steiniger (1950), an applied ecologist who spent many years studying
ways to improve methods of rodent control, discovered that it was partic-
ularly difficult to exterminate rat colonies by repeatedly placing the same
poison bait in a rat-infested area. When Steiniger used the same bait a
number of times, despite initial success in reducing pest numbers, later
bait acceptance was very poor, and colonies soon returned to their initial
sizes (Steiniger, 1950). Young rats that were born into colonies that con-
tained animals that had survived their first ingestion of a poison bait, and
had consequently learned not to eat it, avoided the bait without ever even
tasting it for themselves. Steiniger (1950) believed (incorrectly, as it turned
out) that inexperienced rats were dissuaded by experienced individuals
from ingesting potential foods by those that had learned that the bait was
toxic.

6.4.3.2 Alaboratory analogue

Young wild rats’ total avoidance of diets that adults of their colony have
learned to avoid ingesting is a robust phenomenon that can be brought
into the laboratory with little difficulty (Galef and Clark, 1971a). We
captured adult wild rats on a garbage dump in southern Ontario and
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placed them in groups of five or six in 2m? laboratory cages. For 3 hours
each day, each experimental colony was provided with two easily distin-
guished, equally nutritious foods.

To begin a typical experiment, we introduced sublethal doses ofa toxin
into one of the two foods placed in a colony’s cage each day. Under such
conditions, colony members rapidly learned to avoid ingesting the poi-
soned food, and continued to do so even when subsequently offered un-
contaminated samples of the previously toxic bait.

After a colony had been trained, we had to wait until a female colony
member gave birth and her young grew to weaning age. Then, we could
use closed-circuit television to observe adults and pups throughout daily
feeding sessions and record the number of times that pups ate each of the
two uncontaminated foods in their cage: one of which adult colony mem-
bers were eating and the other they were avoiding.

We found repeatedly that weaning young ate only the food that the
adults of their colony were eating and totally avoided the alternative (Galef
and Clark, 1971a). Even when we removed pups from their natal enclosures
and offered them the same two foods that had previously been available to
them, the pups continued to eat only the food that adults of their colony
had eaten (Galefand Clark, 1971a). Clearly, we had alaboratory situation in
which young rats showed a population-specific pattern of food choice sim-
ilar to that shown by the free-living wild rats Steiniger (1950) had studied
in Germany two decades earlier.

6.4.3.3 Analysis of the phenomenon

My students and I have spent much of the last 30 years determining how
feeding patterns of adult rats influence food choices of the young that in-
teract with them (for reviews see Galef, 1977, 1988, 1996a,b). We have not
been working painfully slowly. Rather, we have discovered that there are
many ways in which social interactions affect rats’ selection of foods and
feeding sites, and years of investigation, both in our laboratory and else-
where, have been required to begin to unravel the complexities involved.
Below, I explore briefly some of the processes occurring throughout life
that result in rats tending to select the same foods to eat as their fellows.

6.4.3.4 Prenatal effects

A rat fetus exposed to a flavor while still in its mother’s womb (as a result,
for example, of injection of that flavor into its dam’s amniotic fluid) will,
when grown, drink more of a solution containing that flavor than will
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control rats lacking such prenatal experience (Smotherman, 1982). More
realistically, feeding garlic to a pregnant rat enhances the postnatal pref-
erence of her young for the odor of garlic (Hepper, 1988).

6.4.3.5 Effects while suckling

Evidence from several laboratories has indicated that flavors of foods that
a rat dam eats while lactating affect the flavor of her milk, and exposure
to such flavored milk affects the food preferences of weaning pups (Galef
and Henderson, 1972; see also, Bronstein, Levine, and Marcus, 1975; Galef
and Sherry, 1973; Martin and Alberts, 1979).

Clearly, a process is at work during the nursing period that can increase
the probability that successive generations of rats will choose to eat the
same foods. As weaning proceeds, both the number of such processes and
the magnitude of their impact of food choice increases.

6.4.3.6 Effects while weaning

Galef and Clark (1971b) used time-lapse videography to observe each of
nine wild rat pups take their very first meals of solid food. All nine pups ate
for the first time under exactly the same circumstances. Each took its first
meal at the same time that an adult member of its colony was eating and
each ate at the same place that the adult was feeding, not at an alternative
feeding site a short distance away.

Further studies revealed that weaning rat pups do not follow adults as
they move to feeding sites but instead use visual cues to detect and ap-
proach feeding adults from a distance (Galef and Clark, 1971b). In fact,
anesthetizing an adult rat and placing it near one of two otherwise iden-
tical feeding sites makes the site occupied by the anesthetized adult far
more attractive to pups than the unoccupied site, and young pups both
visit and eat more at the occupied site than at the unoccupied one (Galef,
1981).

6.4.4 Residual olfactory cues

6.4.4.1 Feeding site selection

Adult rats do not need to be physically present at a feeding site to cause
conspecific young to prefer to feed there. As rats leave a feeding site,
they deposit scent trails that direct young rats seeking food to locations
where food was ingested (Galef and Buckley, 1996). Also, feeding adult
rats deposit residual olfactory cues both in the vicinity of a food source
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(Galef and Heiber, 1976; Laland and Plotkin, 1991) and on foods they are
eating (Galef and Beck, 1985). These odors are attractive to pups and, like
the presence of an adult rat at a feeding site, cause young rats to prefer
marked sites to unmarked ones.

Normal response to residual cues found around a feeding site depends
on preweaning experience of pups with their dam and siblings. Pups
reared without contact with conspecifics (Hall, 1975) do not find feeding
sites marked with feces of adult rats attractive; pups reared in social iso-
lation and given a few days to interact with a lactating female and pups
are subsequently attracted to a feeding site by the presence there of fecal
material {Galef, 1981).

6.4.4.2 Feeding site selection and food choice

Although both adult rats and residual olfactory cues present at a feeding
site increase a site’s attractiveness to weaning rats, such effects are, obvi-
ously, not in themselves sufficient to produce socially transmitted food
preferences. However, if feeding sites that are used and marked by adult
rats contain foods different from those found at sites that adults are not
exploiting and marking, thensocially learned food preferences can result
from socially learned feeding site preferences (Galef and Clark, 1971a).

Wild Norway rats are extremely hesitant to ingest any potential food
that they have not previously eaten (Barnett, 1958; Galef, 1970), and young
wild rats socially induced to eat their first meals at a site containing a food
become familiar with that food and are very reluctant to eat anything else
(Galefand Clark, 1971a). Consequently, social influences on feeding site se-
lection may act indirectly (Galef, 1985) to produce traditions of food pref-
erence and avoidance in rats of the kind Steiniger (1950) described.

6.4.4.3 Direct transmission of flavor preferences

After a naive “observer” rat interacts with a recently fed conspecific
“demonstrator”, the observer exhibits substantial enhancement of its
preference for whatever food its demonstrator ate (Galef and Wigmore,
1983; Posadas-Andrews and Roper, 1983; Strupp and Levitsky, 1984). Both
food-related odors escaping from the digestive tract of ademonstrator and
the scent of bits of food clinging to its fur and vibrissae allow conspecifics
to identify foods others have eaten (Galef, Attenborough and Whiskin,
1990; Galef, Kennett and Stein, 1985; Galef and Whiskin, 1992). How-
ever, socially enhanced food preferences depend on rats experiencing food
odors together with other stimuli emitted by live conspecifics (Galef et al.,
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1985, 1988; Galef and Stein, 1985; Heyes and Durlach, 1990). For example,
rats exposed to pieces of cotton batting dusted with a food and moistened
with distilled water do not develop a preference for the food. However, rats
exposed to the same food either dusted on the head of an anesthetized
conspecific or on a piece of cotton batting that has been moistened with
a dilute carbon disulfide solution (carbon disulfide is a constituent of rat
breath)exhibitstrong preferences for the food to which they were exposed
(Galefetal., 1988; Galef and Stein, 1985).

Such effects of exposure to a recently fed rat on the food choices of
its fellows are surprisingly powerful (Galef, Kennett, and Wigmore, 1984;
Richard, Grover, and Davis, 1987). If observer rats first taught to avoid to-
tally ingesting a diet by following its ingestion with an injection of toxin
are then placed with a conspecific demonstrator that has eaten the diet
to which an aversion has been learned, these observers frequently totally
abandon their aversion to the diet associated with illness. Further, most
rats that interact with conspecifics fed a diet adulterated with cayenne
pepper, which is inherently unpalatable to rats, subsequently prefer pep-
pered diet to unadulterated diet (Galef, 1986a). However, as the degree of
aversiveness of a food increases, the impact of social influences on its ac-
ceptance decreases (Galef and Whiskin, 1998a).

6.4.5 Multigenerational traditions
Evidence that rats can influence one another’s choice of foods is over-
whelming. However, for a “tradition” to become established in a popu-
lation, atleast some individuals who acquire the traditional pattern of be-
havior mustengageinitlongenough toinduce others to behave similarly.
AsHeyes (1993) has pointed out, socially learned behaviors are notinsu-
lated from modification by individual learning during the time between
their acquisition and transmission. Consequently, demonstrations that
socially transmitted behaviors are sufficiently stable to permit repeated
retransmission, and consequent diffusion through a population, are nec-
essary to establish the sufficiency of social learning to support behavioral
traditions (Laland, Richerson, and Boyd, 1993). In part because of the ex-
pense of maintaining large numbers of animals in the laboratory, such
demonstrations are few in number.

6.4.5.1 Digging for food

Laland and Plotkin (1990, 1992) employed a procedure in which a rat that
had learned socially to dig for buried food served as a model for a naive rat,
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which, after learning socially to dig for buried food, became a model for
another naive rat etc. Such chaining captures some features of diffusion
of socially learned behaviors through free-living populations of animals.
However, Laland and Plotkin’s (1990, 1992) procedures involved simple it-
eration of a basic social learning situation (in which a naive individual
learns by interaction with a trained model) and failed to capture many fea-
tures of life outside the laboratory that might interfere with propagation
of behavior. In particular, there was no opportunity for individual learn-
ing about alternative behaviors in the interval between social acquisition
and transmission of digging behavior, and the presence of alternatives is
of considerable possible importance in determining the fidelity of trans-
mission of a socially learned behavior (Galef and Whiskin, 1997, 1998b).

6.4.5.2 Food preferences

Galef and Allen (1995) established small colonies of rats and trained all
members of each colony to eat only one of two equipalatable foods avail-
able ad libitum. After training, one member of the trained colony was re-
moved every 24 hours and replaced with a naive individual. The process
was continued long after all original colony members had been removed,
with replacement each day of the colony member that had been in the
colony longest. Colonies maintained the food preferences taught to their
founders for weeks after all the founders had been replaced (Fig. 6.1).

The longevity of such traditions of food choice was affected by a num-
ber of factors, including colony size, rate of replacement of colony mem-
bers, and number of hours each day that colony members had access to
foods (Galef and Allen, 1995; Galef and Whiskin, 1997).

6.5 Summary

Results of more than a quarter century of research demonstrate unequiv-
ocally that, under laboratory conditions, rat colonies can maintain stable
traditions of food preference. Consequently, we know that at least some
of the many mechanisms for social learning about foods uncovered in lab-
oratory studies of social influences on food choice have the potential to
support traditions of food preference of the sort Steiniger (1950) described
in free-living rats. Although we do not yet know which processes demon-
strated in the laboratory to support social learning of food preferences are
actually responsible for feeding traditions in free-living populations of
rats (Galef, 1984), we do know that social learning can lead to traditions

171



172

B. G. Galef, Jr.

Generation
I II I1I v

100 |-

e
L— E\

£ 80 ~o—
s \
= \
9) 4\
3 60 N
hoi \\
5] ~
&)
8
5 401
)
(=
20 —

2 ’E E
_ - N /i”i’i
i T\./T”¥ 1 L !
0 2 4 6 8 10 12 14
Days

Fig. 6.1. The amount of cayenne-pepper-flavored diet (diet Cp) as a percentage of total
amount (mean & SEM) eaten by subjects offered both diet Cp and wasabi-flavored diet
in colonies whose founding members ate only diet Cp or wasabi-flavored diet. On day 1,
enclosures contained only founding members, on days 2—4 both founding colony mem-
bers and replacement subjects, and on days 5-14 successive generations of replacement
subjects (Galef and Allen, 1995; by permission of Academic Press).

in these animals, something that has not been demonstrated in any other
genus of nonhuman mammal.

6.6 Learning how toeat

Field observations suggest that social influences can affect not only what
rats eat, but how they eat as well.
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6.6.1 Diving for food in nature

Gandolfi and Parisi (1972) reported that most members of some colonies
of Norway rats living along the banks of the Po River in Italy would dive
in the river and feed on mollusks on the river bottom, whereas no mem-
bers of nearby colonies with equal access to mollusks did so. Gandolfi and
Parisi (1972) interpreted their findings as consistent with the hypothesis
that predation on submerged mollusks spreads through colonies by so-
cial learning. If discovery of mollusks on the riverbed were a rare event,
and colony members could learn to dive for mollusks by observing other
rats doing so, then the reported bimodality in frequency of diving in rat
colonies along the Po could be explained.

Although the hypothesis that the habit of diving in shallow water for
food spreads through colonies of wild rats as a result of social learning
is attractive, confirmatory evidence has proved difficult to collect even in
seminatural settings. Nieder, Cagnin, and Parisi (1982) observed mollusk
predation by rats in a large (22m x 10m) outdoor enclosure built over a
branch of the Po River. The enclosure provided opportunity for unobtru-
sive observation of mollusk predation in a small population of rats. Un-
fortunately, although the data collected in the enclosure did suggest that
social learning of some sort might have been involved in diffusion of the
habit of mollusk predation through a rat population, they are ambiguous.

6.6.2 Diving for food in the laboratory

The potential contribution of social processes to development of the habit
of diving for food in shallow water has also been examined under con-
trolled conditions (Galef, 1980). The experiments involved simplified lab-
oratory analogues of the natural situation and, therefore, cannot be ex-
trapolated uncritically to the more complex uncontrolled environment.
However, results of the experiments did provide evidence bearing on the
issue of whether it is necessary to invoke social learning to explain the dis-
tribution of the habit of diving for food reported by Gandolfi and Parisi
(1972,1973)-

Second- and third-generation laboratory-bred female wild rats cap-
tured on garbage dumps in southern Ontario were placed together with
their offspring in enclosures with separate nesting and diving areas con-
nected by meter-long tunnels. In the diving area, subjects could retrieve
pieces of chocolate from beneath 15 cm of water.

Adult rats that had not been explicitly trained to dive for food never
dived, even if housed with a rat that had been trained to dive for food by
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placing chocolate squares in an empty tank and, over a period of weeks,
increasing the water level to 15 cm. However, approximately 20% of juve-
nile wild rats reared in the enclosures came to dive for food. Juveniles were
as likely to learn to dive whether their dam regularly dived and retrieved
chocolates from under water or never did so. Such results suggest that ob-
servation of a diving conspecific does not, in itself, induce rats to dive.

6.6.2.1 Social learning of swimming?

In a subsequent study, young wild rats were trained to swim across the
surface of a small body of water to reach food. When introduced into en-
closures connected to a diving area, where food was available below 15 cm
of water, more than 9o% of subjects trained to swim spontaneously dived
for food.

The finding that swimming rats are effectively diving rats limits the
potential role of social learning in the spread of diving behavior through
a population. If rats learn to swim independently, and if swimming rats
dive, then social learning could serve only to direct rats to dive in one area
rather than another. However, development of swimming might itself be
socially influenced. If so, then social learning might indirectly potentiate
propagation of diving behavior by facilitating propagation of swimming
behavior.

An experiment in which wild rat pups were reared by dams that either
swam or did not swim to food in an apparatus where highly palatable food
could be reached by swimming 1.7 m down an alley revealed no difference
in the age of initiation of swimming by pups as a function of whether
their dam swam. All pups began to swim before they reached 40 days
of age.

6.6.3 Relating laboratory to field studies

The findings that, atleastin the laboratory, wild rat pups readily learn in-
dependently to swim and that almost all swimming wild rat pups spon-
taneously dive for food in shallow water suggest that absence of div-
ing by members of some colonies that live along the Po River may be
in greater need of explanation than the diving exhibited by members of
other colonies.

Conceivably, all ratsliving along the Po River know how to dive formol-
lusks, but they do not dive when sufficient nutriment is available ashore.
If so, one might expect rats that had been trained to dive for food to cease
diving if adequate rations were made available to them on land. In fact,
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rats that reliably dived for food while food was available on land for only
3 in 24 hours stopped diving when given ad libitum access to food ashore,
even if the food available on land was considerably less palatable than that
available under water (Galef, 1980).

Taken together, the laboratory results offer little support for the hy-
pothesis that the distribution of the habit of diving for food observed
among colonies of ratsliving along the Po River results from social leaning
of the habit in some colonies, but not others. To the contrary, the labora-
tory data suggest that all rats may know how to dive for food, but they do
so only when adequate food is not available on dry land.

In retrospect, some observations made in the field are consistent with
the notion that availability of food on land may be the major determi-
nant of whether members of rat colonies living along the banks of the
Po River feed on submerged mollusks. For example, Gandolfi and Parisi
(1973, p. 69) reported that in those locations where mollusk predation oc-
curs, mollusks “represent one of the main sources, if not the main source
of food for rats” and Parisi and Gandolfi (1974, p. 102} suggested that “the
time dedicated by rats to mollusk capture depends greatly on the availabil-
ity of other foods”.

Our laboratory findings suggest that these informal field observations
may be more informative than those who made them realized. Possibly,
members of colonies that regularly dive for mollusks would stop diving
for food if palatable food were available in their territories, and removal
of food from the territories of colonies whose members do not normally
dive might cause themto start diving. The relevant field experiments have
not been carried out, but obviously could be, and might, atleast in princi-
ple, exclude social learning as an explanation of the distribution of diving
behavior along the Po.

6.7 Stripping pinecones for seeds

6.7.1 Field observations

Some years ago, Aisner and Terkel (1992) discovered that black rats
(R. rattus) living in the pine forests of Israel subsist on a diet of pine
seeds in an otherwise sterile habitat. Extraction of pine seeds by stripping
pinecones of their scales and eating the seeds the scales concealed allows
black rats in Israel to fill a niche occupied elsewhere in the world by tree
squirrels, which are not present in the Middle East.
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Fig. 6.2. Pinecones in different stages of opening with the number of rows of previously
stripped scales increasing from left to right (Terkel, 1996; by permission of Academic
Press).

6.7.2 Laboratory analyses

Laboratory studies of pinecone stripping by wild-caught rats revealed that
itis difficult for rats to remove the tough scales from pinecones and gain
access to the energy-rich seeds they protect and, in doing so, gain more en-
ergy from eating the seeds than is expended in acquiring them. To harvest
pine seeds efficiently, rats must take advantage of the physical structure of
pinecones, first stripping scales from the base of a cone and then removing
the scales spiraling around the cone’s shaft to its apex one after another
(Terkel, 1996; Fig. 6.2).

Laboratory studies of development of the energetically efficient pat-
tern of stripping pinecones found that only 6 of 222 hungry laboratory-
reared wild rats given access to a surplus of pinecones for several weeks
learned the efficient pattern of cone stripping for themselves (Zohar and
Terkel, 1995). The remaining 216 animals either ignored the pinecones
altogether or gnawed at them in ways that did not lead to a net energy
gain from eating pine seeds. Similarly, pups gestated by dams that effi-
ciently stripped pinecones of their seeds, but reared by foster mothers that
did not strip cones, failed to learn to strip pinecones (Aisner and Terkel,
1992). However, more than 90% of pups came to open cones for themselves
when reared by a foster mother that stripped pinecones efficiently in the
presence of her foster young. Clearly, some aspect of the postnatal inter-
action between a dam stripping pinecones and the young she rears suf-
fices for transmission of the efficient means of pinecone stripping from
one generation to the next {Aisner and Terkel, 1992; Zohar and Terkel,
1992).
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Additional experiments led to the conclusion that experience of young
rats in completing the stripping of pinecones started appropriately by ei-
ther an experienced adult rat or a human experimenter, who used a pair
of pliers to imitate the pattern of scale removal by a rat, starting to strip a
cone efficiently, enabling 70% of young rats to become efficient strippers
(Terkel, 1996).

Terkel’s (1996) observations indicated that when a black rat mother
opens pinecones by stripping scales and eating exposed seeds her young
gather around her and attempt to obtain seeds. Once the young are old
enough, they snatch partially opened cones from their mother and con-
tinue the stripping process by themselves. Thus, activities of feeding
mother rats appear to facilitate acquisition of pinecone stripping by their
offspring, first, by focusing attention of juveniles on pinecones as poten-
tial sources of food and, later, by providing their young with partially
opened pinecones that the young can learn to exploit as sources of food
(Terkel, 1996).

As McGrew (1998), a leading proponent of the view that apes exhibit
culture, pointed out, no study of a traditional behavior exhibited by the
free-living members of any species, even humans, has been carried out
with the rigor or elegance of Terkel’s analysis of the social transmis-
sion of pinecone stripping by black rats. Consequently, today, as 50 years
ago when Steiniger made the statement that serves as an epigram for
this chapter, we have a better understanding of the origins of behavioral
traditions in free-living rats than in any other nonhuman, mammalian
species.

6.8 Conclusions

Analyses of behavioral processes resulting in population-specific patterns
of behavior often require numerous experiments each involving dozens
of animals with similar prior life histories (e.g., Galef, 1980, 1996b; Terkel,
1996). It is relatively easy to procure the numbers of experimentally naive
rodents, birds, fishes, or insects needed for such studies. Almost always,
it is impossible to procure similar numbers of primates (for example, see
Ch. 7) or cetaceans (see Ch. 9). Consequently, analyses of behavioral pro-
cesses supporting traditions in relatively simple systems are likely to be
more complete than analyses of traditions in species with large cortices,
and lessons learned from analyses of such simple systems will have to
inform our understanding of more complex, but less-available species.
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Some of these lessons are now discussed and their possible relationship
to analyses of some primate “traditions”.

6.8.1 Simple mechanisms, complex outcomes

Terkel’s studies of rats stripping pinecones of seeds show thatsocial trans-
mission of complex motor patterns can rest onsimple social learning pro-
cesses. Adult rats direct attention of conspecific young to pinecones and
provide young with partially opened cones to exploit. Young take advan-
tage of these affordances and learn for themselves the sequence of motor
acts needed to strip cones efficiently. No imitation, no teaching, no emu-
lation, and no observational conditioning (Galef, 1976; Whiten and Ham,
1992)areinvolved in transmission from one generation to the next of amo-
tor skill possibly as complex as that exhibited by apes ingesting difficult
vegetable foods (Byrne and Byrne, 1994).

Mediation of social learning by environmental affordances is not
unique to pinecone opening by black rats, although the complexity of the
motor patterns involved in consumption of pine seeds makes the example
a particularly striking one. For example, Norway rats create trails as they
move through underbrush on trips to and from foraging sites. These trails
lead to traditional patterns of space utilization within colonies (Calhoun,
1962; Telle, 1966).

6.8.2 Environment determination of expression of behavior

6.8.2.1 Pinecone stripping by rats

A few rats in every hundred given pinecones learn independently to strip
cones efficiently (Zohar and Terkel, 1995). However, the behavior is com-
mon, so far as is known (Smithand Balda, 1979), only in areas where rats do
not have to compete with squirrels for pine seeds. Even though pinecone-
stripping behavior is clearly socially learned by the majority of rats that
eat pine seeds, environmental influences suffice to explain why Israeli
black rats strip pine cones and black rats living elsewhere do not (Galef,
1995). There is no need to imagine a “genius” Israeli rat that discovered
the proper method for opening pinecones and whose remarkable innova-
tion is the origin of pinecone stripping by Israeli rats.

6.8.2.2 Divingrats

The effect of food distribution on expression of diving behavior in Norway
rats in the laboratory is direct and obvious. Rats that can find adequate
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food ashore refuse to dive even when they have experience of more palat-
able food under water. Whether a similar process is responsible for the ob-
served distribution of diving behavior in natural circumstances remains
to be determined.

6.8.2.3 Chimpanzee culture

In a publication likely to have significant impact on future discussions of
traditions in animals, Whiten et al. (1999) provided a list of 65 behaviors
that vary in frequency of occurrence in seven geographically distinct, free-
living populations of chimpanzees, each studied for many years. The au-
thors subdivide their list of candidate “traditions” into four categories: (a)
patterns absentat no site, (b) patterns not achieving habitual frequency at
anysite, {c) patterns for which absence can be explained by local ecological
factors, and (d) patterns customary or habitual at some sites yet absent at
others with no ecological explanation.

The 39 behaviors listed in category (d) are discussed as “cultural”, the
implication being that the distributions of these 39 behaviors across popu-
lations, unlike behaviors listed in categories (a—c), result from social learn-
ing, rather than from environmental causes. Whiten et al. (1999) did not
discuss the implications of the fact that 22 of these 39 behaviors are “com-
mon” or “habitual” in one or several populations but only “present” in
others. For example, “ant fish” (a probe used to extract ants) is “common”
in two populations, “present” in two populations, and “absent” in
three.

If ant fishing is “cultural”, then explanation is required for why ant
fishing is common in only two of the four populations where it has been
observed. Such explanation is likely to be ecological, as is the case in
pinecone-stripping and diving rats. Perhaps all chimpanzees learn to fish
for ants, but the probability that members of different populations ant
fish varies from o to 100 depending on local environmental conditions,
which determine the relative efficiency of ant fishing as a means of obtain-
ing nutrients (Galef, 1992).

The data from chimpanzees are quite different from those emerging
from van Schaik’s studies of orangutan use of tools to secure food (Ch. 11).
Here there is quite convincing evidence that social learning rather than
ecology is responsible for population differences in behavior. All mem-
bers of each of van Schaik’s two study populations either do or do not ex-
hibit tool use in exploiting a resource that is exploited by members of both
populations.
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6.8.3 Information transmission or information acquisition
Norway rats exploit their fellows as sources of information about where,
when, and what to eat in several different ways (Galef, 1996a). This redun-
dancy suggests that in Norway rats, as in honeybees (von Frisch, 1967),
socially acquired information is important in development of adaptive
behavioral repertoires. There is, however, no evidence that any route to
social learning about foods or feeding sites involves knowledgeable ani-
mals modifying their foraging behavior so as to provide information to
others. Indeed, anesthetized rats could provide information about where
and what to eat, and they are at least as effective as conscious providers of
similar information (Galef, 1981; Galef and Stein, 1985).

Social learning of food preferences in rats appears to be an extractive
process in which naive individuals appropriate information from their
social environment, not a process involving active transmission of infor-
mation by knowledgeable individuals. King (1994a,b) reached much the
same conclusion from her field studies of social foraging in baboons, as did
Fragaszy and Visalberghi (1996) in their laboratory work with capuchin
monkeys.

6.8.4 Traditions or animal traditions

As discussed in the introduction to this chapter, the Latin root of the word
tradition implies an active role for the source of information in genera-
tion of population-specific behaviors. Consequently, “traditional” may be
an inappropriate adjective to use to describe socially learned, population-
specific behaviors of animals. The life-sustaining behavior of one animal
can provide unintended signals or cues to others, enabling them to in-
crease the efficiency with which they interact with the physical environ-
ment (Galef, 1986b). As indicated in the preceding section, animal tradi-
tions, unlike traditions of humans, seem to involve extraction rather than
active transmission of information. It might, therefore, be salutary to re-
fer to traditions in animals as “animal traditions” to remind ourselves
(and others) that active transmission of information, as is implicit in use of
theword “tradition”, may not be involved in socially learned, population-
specific patterns of behavior in nonhuman species.

6.8.5 Social and individual learning

Consideration of studies of social foraging by Norway rats also suggests
that even the term social learning may, in some ways, be misleading. In the
short term, exposure to conspecifics that have eaten a food can increase a
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rat’s attention to that food (Galef and Clark, 1971a,b) and increase a rat’s
liking of it (Galef, Whiskin, and Bielavska, 1997). However, in the long
term, individual rats choose substances to ingest as a result of feedback
they receive subsequent to ingesting the foods that they sample (Galef,
1995; Galef and Whiskin, 2001). In the study of animal traditions, it is the
long term that is of greatest interest (but see Perry et al., Ch. 14, for another
view).

Information extracted from others can bias an individual to sample
one food rather than another, but the long-term selection of food is not
“socially learned” in the literal sense of that term. Strictly speaking, so-
cial learning about foods by Norway rats is not “social learning” but
“socially biased individual learning” (Galef, 1995; Heyes, 1993; Fragaszy
and Visalberghi, 2001). Reader’s (Ch. 3) failure to find evidence of indepen-
dent social- and individual-learning processes in his analysis of the rela-
tionship between brain structure and frequency of innovation in primates
is consistent with this view.

6.8.6 Summary

Information about factors affecting the frequency of expression of
“socially learned” behaviors is far easier to collect in animals that, like
rats, are easily procured inlarge numbers and are relatively inexpensive to
maintain. Results of laboratory studies of causes of population-specific be-
haviors of rats suggest that simple observation cannot determine whether
a population-specific behavior reflects socially biased learning or differ-
ences in the nonsocial environment in which different populations live.
Such laboratory studies suggest that even apparently complex behavioral
traditions can rest on simple social learning processes. Complex socially
learned behaviors need not involve active transmission of information or
sophisticated social learning processes such as teaching, emulation, or
imitation.

Laboratory studies indicate further that the frequency of expression
of both socially and individually learned behaviors can be markedly af-
fected by subtle environmental factors. Caution must, therefore, be exer-
cised when trying to deduce causes of development of behavior from rel-
ative frequencies of expression of that behavior in free-living, allopatric
populations.

Thereis, of course, potential for error in extrapolation from behavior of
laboratory rodents to that of free-living members of other species (Galef,
1996¢). Still, judicious use of studies of the development and maintenance
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of population-specific patterns of behavior in relatively simple systems
(e.g., rodents, honeybees, passerine birds, etc.) should continue to inform
our understanding of the development of population-specific behaviors
more generally.
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7

Food for thought: social learning about food
in capuchin monkeys

71 Introduction

It used to be thought that shared behaviors are learned from others
and that this was especially true of infants and their mothers. In re-
cent years, many scientists have advocated parsimony in interpreting
the diffusion of innovative behaviors in primates (Galef, 1991; Heyes
and Galef, 1996; Lefebvre, 1995; Miklési, 1999; Tomasello and Call, 1997;
Visalberghi and Fragaszy, 1990a). This view has prompted systematic in-
vestigations of the learning processes involved in the spread of inno-
vations and fueled debates on the nature of cultural traditions (Boesch
and Tomasello, 1998; Whiten et al., 1999). Capuchin monkeys are among
the few primate species in which systematic research has been carried
out on the acquisition and social learning of tool-using skills (Anderson,
2000; Fragaszy and Visalberghi, 1989; Visalberghi, 1993), on the pat-
terns of object-related and goal-directed behaviors (Custance, Whiten,
and Fredman, 1999; Fragaszy, Vitale, and Ritchie, 1994), and on the pat-
terns of food-processing behaviors (e.g., “food washing”) (Visalberghi and
Fragaszy, 1990b; for an extensive review see Visalberghi and Fragaszy,
2002). Overall, these studies have demonstrated that social influences
such as stimulus enhancement, local enhancement, and object reenact-
ment are indeed present, whereas imitative learning (defined as learn-
ing a novel behavior by observing it performed by a demonstrator) is
not (Visalberghi, 2000; Visalberghi and Fragaszy, 2002). Therefore,
although the species name Cebus imitator assigned to capuchin monkeys
by the prominent taxonomist Thomas (1903) seems unwarranted, we have
begun to realize that other social learning processes seem to influence
capuchins’ behavior.
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Feeding is a condicio sine qua non for an animal’s survival, and food se-
lection and processing are behavioral domains in which social learning
is likely to occur. Living in social groups, as most primate species do,
has costs and benefits (Dunbar, 1988; Wrangham, 1980). Among the bene-
fits, Lee (1994 p.270) has listed opportunities for exchange of information
among individuals: “close proximity increases the number of opportuni-
ties for observation and the rapidity of information procurement”; con-
sequently, group living can be of great advantage in learning when, how,
and what to feed upon (e.g., Giraldeau, 1997).

In theory, primates can learn to identify safe foods individually by
trial and error or they can learn what to eat from conspecifics. As Dewar
(Ch. 5) argues, social learning is rather unimportant if individuals can
assess whether a food is “good” or “bad” from reliable nonsocial cues.
Conversely, social learning is particularly needed when nonsocial cues are
lacking or unreliable, and especially when eating a “bad” food can be
fatal. Unfortunately, we know very little about which of the many food
items present in nature are toxic for a given species. However, since toxi-
city is not always advertised by a bitter taste (Hladik and Simmen, 1996),
nonsocial cues can be unreliable.

Primatologists have often assumed that primates learn to identify
foods they eat from conspecifics and that dietary convergence or diffusion
of new feeding habits in wild groups results from social learning (e.g.,
Kummer, 1971; Nishida, 1987; for a critical review see Visalberghi, 1994).
Direct observation of knowledgeable conspecifics has been considered
an important factor in improving juveniles” foraging skills (Janson and
van Schaik,1993) and the facts that infantshave their first experiences with
food in the social milieu and that they “are intensely curious about what
their mothers eat” (Janson and van Schaik, 1993, p. 64) were considered
to indicate a formative role on infants’ later feeding behavior (Box, 1984;
Fedigan, 1982; Goodall, 1986; Kummer, 1971; Watts, 198s). King (1999,
p. 21) even argued that “primate infants seem to have been selected to be
information extractors” (see also King 1994a,b).

Learning that a food is toxic from watching behavior of others (instead
of by trial and error) could be an effective way of reducing the risk of
ingesting poison. According to Janson and van Schaik (1993), juvenile
primates may learn to avoid a food from the behavior of conspecifics.
However, there is very little or no experimental evidence that observ-
ing a conspecific avoiding a food decreases an observer’s consumption of
the same food; and this is also the case when the aversively conditioned
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models are “relevant” individuals, such as the dominant male for group
members, ora mother for her offspring (Hikami, 1991; Hikami, Hasegawa,
and Matsuzawa, 1990). Also for rats, the species for which food avoidance
behavior has been most thoroughly investigated, there is little or no
evidence that food avoidance is learned observationally (see Ch. 6).

The few informal observations suggesting that monkeys learn food
avoidance by observing conspecifics or that experienced individuals warn
naive ones about food harmfulness (Cambefort, 1981; Fletemeyer, 1978;
Jouventin, Pasteur, and Cambefort, 1976) are not supported by strong
evidence (see Visalberghi, 1994 for a critical review). For example, Watts
(1985) described an instance in which a mother gorilla pushed away the
stem of an unidentified plant (not eaten by other gorillas) that her young
daughter had pulled towards herself. This anecdote is open to alternative
interpretations. It could be either a case of maternal intervention to pre-
vent food ingestion, as suggested by Watts, or more parsimoniously one of
the many instances in which a mother takes food away from its offspring.
It is possible that this event captured the scientist’s attention because it
occurred with an item not included in the gorillas’ diet and which the
mother discarded after having taken it from her infant. Similar episodes
of parental discouragement have been reported for wild apes (e.g., Fossey,
1979; Goodall, 1973; Hiraiwa-Hasegawa, 1990; Nishida et al., 1983).

It is indeed possible that “learning which plants are edible is aided
by the fact that infants are showered with remains of food plants from
the first day of life, and their feeding is usually synchronized with the
mother’s” (Byrne, 1999, p. 339). However, it would be of interest to eval-
uate experimentally the extent to which infants and youngsters assess
the palatability {agreeable to the palate or taste) and toxicity (causing
impairment, injuries, or death) of a food by extracting information from
what the othersdo rather than through trial and error themselves, to qual-
ify the type of information (visual, olfactory, gustatory, etc.) infants use to
guide their food choices and to assess whether the mother actively provides
information or sets situations for her infant to learn about foods.

Capuchins are omnivorous and feed on a wide variety of food sources,
most of which are seasonal (Brown and Zunino, 1990; Kinzey, 1997;
Sussman, zoo0; Terborgh, 1983), and some of which (e.g., insects, leaves,
etc.) may contain toxic substances or need specific processing techniques
(Izawa, 1978; Izawa and Mizuno, 1977; Robinson 1986). The acquisition
of information about food from group members seems particularly rel-
evant in either generalist species, whose diets include food sources that
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might contain toxic substances (e.g., rats: Galef, 1993; capuchin mon-
keys: Visalberghi and Fragaszy, 1995), or species whose diets include
plants producing defensive chemicals (e.g., ruminants: Provenza, 1995;
folivorous howler monkeys: Whitehead, 1986; see also Freeland and
Janzen, 1974). Tolerance among group members is necessary for transfer
of information, since it allows for proximity between individuals. Tufted
capuchins exhibit a high degree of interindividual tolerance, especially
towards infant and juveniles, in the wild (Izawa, 1980; Janson, 1996; Perry
and Rose, 1994) as well as in captivity, where food is sometimes trans-
ferred from one individual to another (de Waal, Luttrell, and Canfield,
1993; Fragaszy, Feuerstein, and Mitra, 1997a; Thierry, Wunderlich, and
Gueth, 1989).

Therefore, a tolerant and omnivorous species such as tufted capuchins
could be expected to learn about food from group members. Unfortu-
nately, field data do not make it possible to determine the contribution
of social context to learning, nor to assess what kind of impact social com-
panionships have on the diffusion of traditions (see Ch. 1). Such goals are
better pursued using controlled experimental approaches that deal with
proximate mechanisms underlying behavior. This chapter tries to shed
light on these issues by reporting the results of systematic studies in tufted
capuchin monkeys (Cebus apella) carried out in Rome (Italy) and Athens
(Georgia, USA) in collaboration with Dorothy Fragaszy. To assess social
bias on individual learning, our experimental designs usually included
an individual condition (in which subjects were tested alone and social
influences were removed) and a social condition (in which subjects were
tested together with their group members). Whenever possible, we will
refer to capuchins and especially to the studies aimed at examining the
individual’s response to food when alone or with group members.

Sections 7.2 and 7.3 describe our experimental studies on capuchins
and provide a theoretical background and brief overview of the relevant
literature. Section 7.2 describes how an individual behaves towards food,
how it responds towards novel foods, and how it responds to familiar
foods whose palatability has changed, in the absence of group mem-
bers. Section 7.3 deals with the behavior of individuals socially tested in
the same experimental paradigms and discusses what the social context
adds to the individual’s experience with food, comparing findings ob-
tained in the social and the individual conditions. Section 7.4 describes
our own recent experiments focused on the factors affecting the indi-
vidual’s response to novel foods when the individual is socially tested;
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Section 7.5 describes feeding traditions of wild capuchins and provides
some preliminary data indicate a convergence of food preferences in our
groups of captive capuchins. Finally, Section 7.6 discusses the present
lack of experimental evidence that capuchins learn about foods by ob-
serving what others eat or discard, or by being prevented from ingest-
ing unpalatable or toxic foods by the intervention of more knowledge-
able individuals. Future research approaches to these questions are also
discussed.

7.2 What to eat: the responses of an individual to novel foods
and foods that change in palatability

7.2.1 The individual’s response to foods

An individual’s physiology, anatomy, behavior, biological environment,
and social environment all play substantial roles in food choice (Galef,
1996). Like most animals, capuchins and other primates like sweet foods
and dislike bitter substances. Though primate species differ in their
thresholds for sugars, such as fructose and sucrose, and for quinine
(Simmen and Hladik, 1998), interindividual variability within the same
species is remarkably low (e.g., squirrel monkeys: Laska, 1997; spider
monkeys: Laska, Carrera Sanchez, and Rodriguez Luna, 1998). Though
data on nonhuman primates are lacking, it is likely that, similarly to hu-
mans, other primate species learn to like a certain amount of salt in their
food (Beauchamp, Cowart, and Moran, 1986) and to prefer foods that are
higher in calories (Galef, 1996; Laska, Hernandez Salazar, and Rodriguez
Luna, 2000). Therefore, when individuals belonging to the same species
and with comparable dietary energetic requirements (e.g., same age
and sex class, similar physiological states, etc.) encounter the same
food sources they are likely to develop comparable food acceptance
profiles.

7.2.2 How an individual discovers if a novel food is edible:

the neophobic response
A monkey can encounter a food that it likes (for example because it is
sweet), that it is neutral about, or that it dislikes (for example because it
is bitter). If the food is not familiar, the monkey is basically neophobic
and eats only a small amount of it. If the food is bitter, it will avoid it
in the future. If the food is neutral or good, the monkey will first eat
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a small amount, and if ingestion does not produce illness (vomiting,
gastrointestinal distress, nausea), it will eat it when encountering it
again. Decades ago, neophobic reaction towards new foods was thor-
oughly investigated and discovered to be present in a variety of animal
species (e.g., rats, Barnett, 1958). Primates are also neophobic, though
some species are more neophobic than others (Johnson, 2000; Menzel,
1997; Yamamoto et al., 2000).

To face seasonal changes in food availability, capuchins need to find
and exploit new food sources. Captive tufted capuchins are neophobic
towards novel foods (Visalberghi and Fragaszy, 1995), whereas group
differences in neophobia are present both in captivity in the differ-
ent social settings (A. T. Galloway, D. Fragaszy, A. M. McCabe, and
E. Visalberghi, unpublished data)and in the wild. Wild capuchins in the
Iguagu National Park in Argentina are extremely neophobic towards novel
foods and objects (Agostini, 2001), whereas capuchins living in a 43 ooo ha
ecological reserve (Parque Nacional de Brasilia, Brazil) and accustomed to
visitors are not. The latter have probably learned that humans leave be-
hind foods that are safe to eat, and they are willing to exploit food sources
left by humans in the area (Siemers, 2000; E. Visalberghi, personal obser-
vation). However, information is too fragmentary to understand the rel-
ative contributions of experiential, social, and environmental factors to
neophobia.

According to Freeland and Janzen (1974), since the ingestion of plant
items is likely to lead to drug interactions or impairment of the func-
tion of gut flora, once herbivorous mammals have established a range of
food species and items that they can consume safely, they continue to eat
them. However, generalist species often include new foods in their diet
to overcome shortages of staple foods and seasonal changes in food avaii-
ability. Generalist species “preferentially feed on the foods with which
they are familiar, and continue to feed on them for as long as possible”
and “simultaneously indulge in a continuous food sampling program”
(Freeland and Janzen, 1974, p. 281). Visalberghi (1994) suggests a link be-
tween neophobia and having a well-established diet. Staple foods serve as
a secure base from which to venture out cautiously to learn the possible
consequences of ingestion of new foods. Conversely, lack of staple foods
may lead to a general reduction in neophobia and an increase in the risk
of being poisoned. This is exactly what happened to a troop of Japanese
macaques moved from Japan to Texas. These monkeys, released in a com-
pletely new environment, lacked familiar foods and “proved themselves
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to be fearless, innovative, and eclectic in what they would eat, sampling
all the local flora soon after arrival” (Fedigan, 1991, p. 60). Afterwards,
the macaques soon began to narrow the range of the foods they ate
(L. M. Fedigan, personal communication).

Neophobia would reflect the payoff for investigating new things com-
pared with the payoff for avoiding new things (see Ch. 5). For the Japanese
macaques released in Texas, the absence of staple foods and the risk of
starvation mightinitially have made the payoff for being conservative and
neophobic very low and the payoft for consuming novel foods very high;
however, as soon as specific plants became their staple food, the payoff of
being neophobic increased (see Ch. 5).

If ingestion of a novel food has noxious consequences, an individual
will associate it with its consumption and that food will not be eaten
anymore. This phenomenon of food-aversion learning {or Garcia effect:
Garcia, Kimeldorf, and Koelling, 1955; Garcia and Koelling, 1966), first
documented in rats, is widespread among animal species (e.g., hamsters:
Zahorik and Johnston, 1976; herbivorous mammals: Zahorik and Houpt,
1981). Food-aversion learning is a robust learning mechanism that op-
erates at the individual level and primarily concerns novel foods. In
food-aversion learning, the ingestion of a food that is associated with
strong negative experience(s), such as gastrointestinal illness, leads to
complete avoidance of the noxious food; avoidance persists when the
food is no longer noxious, and the avoidance learning process is quicker
when the food is novel than when the food is familiar. Food-aversion
learning has been reported in the several primate species so far tested
{e.g. Japanese macaques, squirrel monkeys, vervet monkeys, etc.; for a
review see Visalberghi, 1994). Since some of these species (e.g., squir-
rel monkeys) have a feeding ecology similar to that of capuchins, we
can assume that food-aversion learning is likely to occur in capuchins
as well.

If negative postingestive consequences do not occur, a novel food grad-
ually becomes familiar. A powerful factor influencing consumption of a
novel food is how often it is encountered. For captive capuchins, a food re-
mains unfamiliar (i.e., they respond to it neophobically) only for the first
few encounters. The temporal course of capuchins’ neophobic responses
towards eight different novel foods that were repeatedly presented to in-
dividuals when alone was such that these foods were eaten to the same
extent as familiar foods after just five presentations of 5 minutes each
(vVisalberghi, Valente, and Fragaszy, 1998).
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Children are also cautious about novel foods and, similarly to
capuchins, their neophobic response decreases with exposure to them
(Birch and Marlin, 1982). Food acceptance increases if young children taste
the novel foods during repeated encounters, whereas just smelling or
looking at them is not enough to decrease neophobia (Birch et al., 1987).
Children familiarize not only with the novel food’s characteristics (i.c.,
its visual appearance, texture, flavor, odor) but also learn about the neg-
ative (see above) and positive consequences of ingesting it. Positive conse-
quences can be associated to the food and increase its consumption. Birch
et al. (1990) demonstrated that children aged three to four years learn to
prefer food with a high caloric content over one with low caloric content
and use different flavors as immediate cues to distinguish foods.

From the foregoing, itappears that, when social influences are lacking,
individuals arelikely to develop similar food preferences as a consequence
of caloric and sugar content.

7.2.3 The response of an individual to the change in palatability

of a familiar food
In the wild, palatability and/or toxicity of plant foods can change over
time in response to the concentration of secondary metabolites. Some
of these substances, such as glucosides and alkaloids, have a bitter taste
(Garcia and Hankins, 1975) that facilitates their detection at low concen-
tration, The success of a generalist species, which is likely to encounter
familiar foods that change in flavor seasonally (Jones, Keymer, and Ellis,
1978) and to face the problem of avoiding those which are potentially
toxic, depends on the species’ flexible exploitation of food resources. We
expect that capuchins will explore and taste foods that change in palata-
bility and that they will consume them when palatable and not consume
them when unpalatable.

Capuchins were tested in a paradigm aimed at investigating their
behavior when encountering a familiar food of which the taste has been
experimentally changed (Visalberghi and Addessi, zooo0a). The monkeys
were presented with a familiar palatable food (cheese curd, oats, and
bran mixed together) the palatability of which changed according to the
experimental phase. In phase 1, capuchins were individually presented
with this familiar food; in phase 2 they received the same familiar food
with pepper added to it, making it unpalatable, and in phase 3 they
received the same familiar palatable food of phase 1. Five sessions were
carried out in each phase. The capuchins adapted immediately to the
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change in food palatability by reducing (phase 2) and increasing (phase 3)
the amount of food eaten. During phase 2, most of the individuals kept
tasting the peppery food and its unpalatability prompted an increase
in olfactory exploration and food processing (rubbing the cheese curds
and extracting them from the rest of the food). These findings show that
capuchins readily adjust to changes in palatability of a familiar food,
and that encounters with the food when unpalatable do not affect its
consumption when palatable once again.

Two points deserve attention. First, capuchins do not behave towards
a familiar food whose palatability has changed as if it were a food that
has caused negative postingestive consequences. In this experiment, in-
gestion of the peppery food was necessary to prevent further consump-
tion. The food was eaten again when the pepper was removed, and the
food’s familiarity did not prevent an immediate drastic reduction in its
consumption when pepper was added. Conversely, ingestion of a food that
is matched with strong negative experience(s), such as gastrointestinal
illness, leads to the complete avoidance of the noxious food; this avoid-
ance persists when the food is no longer noxious, and the avoidance-
learning process is quicker when the food is novel (Garcia et al., 1955;
Garcia and Koelling, 1966; for a review of primate studies see Visalberghi,
1994). Second, the monkeys’ response to nontoxic unpalatability (like the
peppery food) also differs from their response to novel food. When they
repeatedly encounter an unpalatable food they keep tasting it, but do not
consume much, whereas when they repeatedly encounter a novel food
they increase consumption of it over time.

7.3 What to eat: social influences on an individual’s responses
to novel foods and foods that change in palatability

7.3 Social influences on the individual’s response towards food

For primates, feeding is undoubtedly a social affair. Although the pres-
ence of group members is not likely to influence taste perception, it
is likely to affect behavioral responses towards food. In most species,
individuals often feed close to one another and have a chance to see and
smell another’s food {or mouth). King (1999) has argued that when infant
baboons (Papio cynocephalus) are in close proximity to foraging adults, the
infants seek information about food by approaching adults and sniffing
their muzzles, apparently to receive sensory cues about foods being eaten.
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King (1999) distinguished between social information acquisition by the
infant and social information donation by adults. She argued that, in the
latter case, adults direct some action or behavior at immature individuals,
enabling them potentially to receive more information than they would
otherwise.

In a tolerant species such as capuchins (de Waal, 2000; Fragaszy et al.,
1997a; Fragaszy, Visalberghi, and Galloway, 1997b), when an individual A
holds a piece of food it often tolerates the physical proximity of individual
B (especially, but not exclusively, if B is a juvenile or infant). Individuals
without food (but sometimes also with food) approach individual A and
show interest in A’s food and feeding activity by looking and sniffing A’s
food close up. Moreover, the same food freely available elsewhere does not
prompt the same interest as A’s food; therefore, we believe that the combi-
nation food-individual A, and possibly A’s activity with the food, increases
B’sinterest towards the food. In other words, the salience of the food is in-
creased simply by the fact that A has it and not because B wants to get A’s
food (see also Thierry et al., 1989).

It is plausible that interest fosters learning about food and that
individual B, who shows interest in A’s food, may, by doing so, acquire
information about food from individual A. A may be aware of its role
as information provider, or it may not, and may actively or passively
provide information (all combinations being possible). A systematic com-
parison of A’s and B’s interactions in feeding contexts, differing in the ex-
tent to which individual B benefits inlearning about food from individual
A, and in the extent to which individuals compete for food (not otherwise
available), may tease apart what role social influences have in feeding.

7.3.2 Social influences on food learning and on the
neophobic response

In humans, akey factorinducing acceptance of novel foods is the social set-
ting in which the food is presented. Birch, Zimmerman, and Hind (1980)
presented preschool children with novel snacks in four different condi-
tions. The snacks were found by children in their locker without appar-
ent reason (nonsocial condition), on the table during snack time, given
by the teacher during play time without apparent reason (noncontingent
attention condition), or as a reward for having done something during
play time (reward condition). Children’s preferences for the novel snacks
were strongly influenced by condition, and these differences lasted over
time. In particular, the last two conditions, in which the teacher played an
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active role in giving the snack to the child, induced significantly higher
preferences for snacks. In rats also, a food gains “value” if another rat
is near it, and even an anesthetized rat may function as a social bias in-
creasing the salience of a feeding site (Galef, 1981; Galef et al., 2001; see
also Ch. 6).

Our goal is to assess how encountering food in the presence of group
members biases individual’s response to foods. Section 7.2 described re-
sponses to novel foods when individuals were tested alone; this section de-
scribes responses observed in the social condition of those experiments.
Capuchins are neophobic towards food, and Visalberghi and Fragaszy
(1995) found that capuchins eat more of a novel food if group members
are also eating nearby; this social facilitation' of eating occurs with novel
foods but not with familiar foods. Social facilitation lasts for the first few
encounters with a novel food, as though capuchins consider a food to be
“novel” for a short time only (Visalberghi et al., 1998). When encounter-
ing this same food later, consumption was not affected by having previ-
ously encountered it alone or with group members. In short, after a few
encounters with unfamiliar food, feeding behavior of solitary and social
feeders was indistinguishable, indicating that when individuals are ob-
served eating the same foods it is not possible to establish whether the un-
derlying processes of acquisition occurred in solitary or social contexts.
Similarities in acceptance of novel foods may arise from an individual’s
experiences alone, and social learning is not necessarily the underlying
process.

In the experiments we described below (Fragaszy et al., 1997a,b;
Visalberghi and Fragaszy, 1995), interest was defined as B’s mouth coming
within a distance of 1zc¢m or less of A’s food, when A was eating, holding,
or closely exploring the food. One of the aims of these experiments was
to evaluate whether interest occurred more often when the food was
novel, that is, when there was something to learn from others about
it. In Visalberghi and Fragaszy (1995), since capuchins ate more familiar
than novel foods, the number of scans in which an individual ate, held,
or explored food was higher in familiar food condition than in novel
food condition (7.4 and 1.5 scans out of 30, respectively). However, very
interestingly, though opportunities for interest were more frequent in
the familiar food condition, capuchins showed interest in someone else’s

'Clayton (1978) defined social facilitation as an increase in the frequency of a behavior pattern in the
presence of others displaying the same behavior pattern at the same time.
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food almost exclusively in sessions in which novel foods were given.2 Also,
young capuchins showed more interest in somebody else’s food if it was
novel (Fragaszy et al., 1997b; A. T. Galloway, D. Fragaszy, A. M. McCabe
and E. Visalberghi, unpublished data).

In another study focused on food-related social interactions and food
transfer, Fragaszy et al. (1997a) presented capuchin groups with monkey
chow and pecan nuts and scored the behavior of young individuals to-
wards other group members. The behaviors scored were interest (here de-
fined as B’s mouth coming within a distance of 12cm or less of A’s food),
avariety of tolerated interactions between infants and peers and between
infants and adult group members (attempting to take A’s food, taking A’s
food, eating from A’s hand, collecting pieces of food lying within approx-
imately 12cm of another feeding individual) and the response of A to B
(A tolerates, avoids, or opposes B’s behaviors).

Although both foods were abundant, infants’ interactions were signif-
icantly more frequent towards nuts (a preferred food) than towards mon-
key chow when these foods were held or eaten by group members. Infants
interacted more with adults than with peers, and adults were equally tol-
erant towards infant capuchins that could open nuts and those that could
not (over the course of the study, out of 11 youngsters, only six were ob-
served opening nuts). It is possible, as suggested by Fragaszy et al. (1997a),
that the fact that adults are more likely to possess open nuts than peers,
providing more frequent opportunities, may account for the difference in
interest towards peers and adults.

It was also noted that when interest was directed to peers, it was prefer-
entially directed to peers able to open nuts. Therefore, theinterest towards
individuals holding/cracking/eating a nut can be motivated by the desire
for that food as well as by the purpose of monitoring the individual’s be-
havior in order to learn how to crack open the nut. The experimental de-
sign does not allow these two possibilities to be distinguished. Moreover,
equivalent tolerance (allowing interest/taking/collecting from all infants,
not just those unable to open nuts) by adults indicates that adults are not
active in providing information and do not take youngsters’ skills into
account. In a similar experiment, in which the focus was on the infants’
behavior towards novel food, infants did not show more interest towards

*We statistically analyzed these data and found that the median number of times in which an
individual showed interest in the novel food was significantly higher than in the familiar food
condition (novel food: 1 (0-10); familiar food: o (0-o0), Wilcoxon t = o, p < 0.02, n = 11). Moreover,
interest was mainly directed towards the dominant male (73% of the time).
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somebody else’s food before ingesting the same food than after having in-
gested it (Fragaszy et al., 1997b).

We can conclude by saying that capuchins are very interested in the
feeding activities of their group members, and especially so when a food
is novel or difficult to process. Despite this, they do not seem to regulate
their behavior on the basis of the information they might have acquired in
this way.

7.3.3 Social influences on the response to the change of
palatability of a familiar food

Section 7.2.3 described an experiment in which pepper was added to a
familiar food (Visalberghi and Addessi, 2000a) when individuals were
tested alone. These results can be compared with those obtained in the
social condition of the same experiment: food consumption and overall
response to the changes in food palatability were not affected by testing
condition (social versus individual). For example, seeing a sudden change
{increase or decrease) in the amount of food eaten by group members
did not influence a subject’s behavior. In addition, although capuchins
responded quickly to changes in flavor and were often in proximity to
one another, proximity and interest towards somebody else’s food did
not occur preferentially when the behavior of conspecifics might provide
useful indirect information about palatability, that is, in the sessions in
which the food was presented for the first time with or without pepper.
Nor has prevention ever been observed, not even in the mother—infant pair
where you would expect intervention to be more likely to occur. For ex-
ample, the eight-month old infant was never prevented from taking the
peppety food by her mother. In phases 1 and 3, the mother attempted to
prevent her infant from taking the good food from her mouth or hand.
Nevertheless, on two occasions the infant succeeded in taking food from
her. No systematic pattern (phases 1 and 3 versus phase 2) was found in the
number of times in which the mother or the infant ate first when the food
was palatable (phase 1 and 3) and unpalatable (phase 2).

Finally, during the many years in which we have observed capuchins’
spontaneous behavior, as well as their responses to foods in experimen-
tal settings (including those mentioned above), we have never witnessed
a single episode in which an individual prevented another from eating
something unpalatable or toxic. In addition, we have no evidence that an
individual learns that a food is unpalatable or toxic by observing group
members not eating, avoiding, or discarding it. On the contrary, we once
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witnessed an adult male vomiting a novel food after which two adult
females, who also observed the episode, approached and ate his vomit.

7.4 New insights on social influences on the acceptance of novel
foods: sorting out the factors

Social facilitation of eating novel foods has adaptive values as a quicker
way of overcoming neophobia and/or learning about a safe diet (Galef,
1993). Social facilitation of eating novel foods by capuchins (Visalberghi
and Fragaszy, 1995; and see above for details) can be interpreted in either
orboth these ways. To shed light on which of these adaptive hypotheses is
correct, Visalberghi and Addessi (zoo0b) investigated the factors promot-
ing social facilitation of eating novel foods.

7.4.1 Social facilitation of eating increases acceptance
of novel foods

Visalberghi and Addessi (2000b) assessed whether an individual’s con-
sumption of novel foods is different when (a) the individual is alone
(alone condition), (b) group members are visible through a transparent
Plexiglas panel in the nearby cage with no food (group present condition),
and (c) group members are present and eating a familiar food from a box
attached to the Plexiglas panel (group plus food condition). In all three
conditions the novel food is presented to the subject in a box attached to
the panel .

Fifteen subjects were tested with three novel foods, each food assigned
to one of the three conditions. The subject’s food consumption was scored
by the subject’s eating behavior every 10 seconds and by measuring the
grams of food ingested (i.e., eaten) by the subject (the grams of food
left by the subject at the end of the trial was subtracted from the ini-
tial weight to give the total weight of the food provided to the subject).
Results showed that capuchins performed significantly more eating be-
havior (measured as number of 10 second sample points) and ingested sig-
nificantly higher amounts (measured in grams) in the group plus food
condition than in the alone condition (see Fig. 7.1). The values of these
two measures in the group present condition did not differ from those
obtained in the alone and the group plus food conditions. In the group
plus food condition, the number of group members eating near the panel
and the average number of eating sample points of the subjects were
significantly correlated. For further details, see Visalberghi and Addessi
{z000b) and Addessi and Visalberghi (2001).
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p<0.05

eaten (g)

Average number of
sample points

ALONE GROUP plus FOOD

Fig. 7.1. Food ingested and eaten in the “alone” and the “group plus food” conditions
(Wilcoxon test). H, Eating behavior; (J, food eaten. (For further details see Visalberghi
and Addessi, 2000b.)

7-4.2 Social facilitation of eating does not foster learning
about asafe diet

It is important to stress that, in this experiment, social facilitation of
eating (which led to the increased consumption of a novel food) occurred
even if group members on the other side of the panel were eating a strik-
ingly different food from that available to the subject. A further experi-
ment (Visalberghi and Addessi, 2001) investigated whether social facilita-
tion of eating was more pronounced when group members were eating
the same food (same color condition) than when group members were
eating a different food (different color condition). It should be clarified
that here “same” and “different” refer to food color since the experimen-
tal subject could not have direct access to nor taste or smell the group
members’ food (which was in a transparent box attached to the side of
the Plexiglas panel opposite the subject’s box with novel food). Results
showed that whereas the number of ecating sample points was signifi-
cantly higher in the same color condition, the amount of food ingested
was not. Therefore, the match in the color of the novel food and the food
provided to the group members affected eating behavior but not inges-
tion. It has to be stressed that the time spent eating a given amount of
food is influenced by the pace and/or speed of eating; it follows that, given
the same amount of food, the number of eating samples of an individual
eating slowly is going to be higher than that of an individual eating
quickly.

To learn about a safe diet, a capuchin should have paid attention to
what others were eating, and should have eaten more of a novel food only
if its own food matched the food that group members were eating. Since
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our results showed that social facilitation of eating novel foods occurs re-
gardless of what is eaten, we can discard the hypothesis that it fosters
learning about a safe diet. However, it can be argued that wild capuchins
are never faced with just one novel food. On the contrary, capuchins en-
counter more than one food at a time from which they have to choose. It is
possible that, given a choice between two novel foods, only one of which
matches in color (or some other property) the food that group members
are eating, a capuchin would direct its preference towards the food that
matches. An experiment designed to explore this possibility is underway
in our laboratory.

7.5 Feeding habits and traditions in capuchins

Years ago, Chapman and Fedigan (1990) studied the diets of three neigh-
boring groups of Cebus capucinus living in Santa Rosa National Park, Costa
Rica (the home ranges of two groups partly overlap). They found a con-
siderable variability among groups in relative amounts of fruits, plants,
and insects eaten. According to Chapman and Fedigan (1990), dietary
differences among populations are affected by (a) presence or absence
of a food; (b) food profitability in terms of nutrients, energetics, toxins,
and availability; and/or (c) learned group traditions. By measuring the
densities of all major plant foods (z = 16) in the three home ranges, it was
found that two were plant foods eaten by all groups and the magnitude of
use was in accord with availability, and four were plant foods eaten by all
groups, but the magnitude of use did not correspond to availability. Of the
remaining 10 plants not eaten by at least one group, seven were available
to all groups. Therefore, since dictary differences could not be atcributed
to simple measures of food abundance, Chapman and Fedigan (1990)
considered both the food profitability hypothesis and the learned group
traditions hypothesis as likely but could not distinguish between them.
In fact, reliable claims about social learning are particularly difficult for
field workers to substantiate.

Panger and co-workers (2z002; see also Ch. 14) have identified sev-
eral differences in the foraging behavior of C. capucinus populations
living in three tropical dry forest sites in Costa Rica. Their analyses
show that population-specific behaviors are not the result of obvious
genetic or ecological differences and, therefore, are likely to represent
traditions.
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Partly prompted by the findings in wild capuchins, we recently de-
termined the preferences towards seven familiar foods (pear, banana,
tangerine, pellet, bread, romana lettuce, and boiled potatoes) of 26 cap-
tive capuchins living in four groups. The aim was to assess whether food
preferences were more similar among individualsliving in the same social
group than among individuals living in different groups (G. Sabbatini,
M. Stammati, and E. Visalberghi, unpublished data). We determined food
preferences by presenting each capuchin with achoice between two foods.
Each subject was presented with all the possible pairs of foods three times
(21 x 3 choices = 63 choice tests). Results showed that the overall order
of preference was tangerine, banana, potatoes, pear, bread, pellet and ro-
manalettuce (from most to least). Capuchins differed significantly in their
preferences, and food preferences for tangerine, pellet, and potatoes diff-
ered significantly among groups.

Do our findings suggest the existence of feeding traditions in our
group? Given that all our foods were equally available and similarly prof-
itable for all subjects, our findings support the idea that the convergence
among the preferences of the individuals living in the same group might
be a result of social learning. However, in our groups, as well as groups in
the wild, individuals are more genetically related than individuals belong-
ing to different groups. Therefore, before accepting the hypothesis that
convergences in food preferences are socially learned, we should exclude
the influence of genetic factors.

These findings on food choices, although preliminary, suggest that
there are also surprising behavioral convergences among individuals liv-
ing together in captivity. For both wild capuchins and captive ones, dif-
ferences among groups and convergences within groups were unnoticed
until researchers specifically looked for them. In the scenario described in
Sections 7.3 and 7.4, in which we argue that learning from others about
food plays a minorrole, the possible traditions reported for groups of wild
capuchins as well as our preliminary data on behavioral convergences in
food choices and processing are indeed a puzzle that we are not yet able to
solve.

7.6 Discussion and suggestions for future research

Can laboratory experiments such as those described in the previous sec-
tions shed light on the processes that lead individuals to learn about
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foods? Probably yes, at least to some extent. The results described above
do not support a few common assumptions about how diets are refined
and suggest new hypotheses to be validated through future experiments
and field observations.

A common assumption has been that naive individuals gain infor-
mation about food by observing what other group members do. In fact,
vision is important for food discrimination in primates (Jacobs, 1995).
Moreover, food unpalatability can readily be associated with visual cues
and odor (Laska and Metzker, 1998), while sight and taste are important
in the acquisition of food aversion (Matsuzawa et al., 1983). However,
experimental data show that tufted capuchins do not seem to use visual
information from the behavior of other group members to decide what
to eat. On the one hand, capuchins eat more of a novel food if other group
members are eating, regardless of whether their food matches that eaten
by group members (Visalberghi and Addessi, 2000b); on the other hand,
infant capuchins were just as likely to show interest in a group member
after eating a novel food as before (Fragaszy et al., 1997b).

It is possible, however, that naive individuals (and especially infants)
are able to learn from the feeding activities of group members through
other cues. In particular, it can be argued that sniffing and/or tasting foods
that other capuchins are eating are good candidates for producing social
influences, for at least two reasons. First, transfer of food from one indi-
vidual to another occurs commonly in capuchins; in particular, young in-
dividuals are allowed to smell and taste foods that other group members
are eating. Second, in several mammal species, individuals are better atas-
sociating the consequences of food ingestion to food smell and taste than
toits visual appearance (e.g., rats, Galef, 1993; Schafe and Bernstein, 1996).
Therefore, future research should investigate whether acceptance of novel
foods and learning whether a food is safe are affected by sniffing and tast-
ing another individual’s food.

In contrast with what is often assumed, we did not find evidence
that capuchins learn to avoid a food by watching conspecifics avoid that
food (Visalberghi and Addessi, 2000a) or that experienced individuals
warn naive ones about unpalatable or toxic food (see Visalberghi and
Fragaszy, 1996). In humans, spitting out food, vomiting, or making
facial expressions indicating disgust at the taste of food are reliable cues
that a food is unpalatable and/or toxic; could nonhuman primates also
learn about food from these cues? In nonhuman primates, spitting out
food, vomiting, or making facial expressions of disgust are either absent
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(Preuschoft, 2000) or rarely performed and not salient for capuchin group
members witnessing them (e.g., vomiting, E. Visalberghi and M. Valente,
unpublished results). It is possible that the lack of these responses, or
their lack of salience and/or reliability as cues, makes them unsuited for
social learning.

In any case, it is important to stress that, from a cognitive point of
view, learning to avoid a food by watching the behavior of group members
avoiding it or warning another individual not to eat that food are rather
demanding tasks (Visalberghi and Fragaszy, 1996). Hearst (1991) provided
many examples drawn from animal and human experimental studies
showing that it is much easier for an individual to detect presence than
absence, and easier for an individual to learn something from the arrival
of a stimulus than from the removal of a stimulus. In other words, it is
easier to learn what to eat by observing what another individual eats than
to learn what to avoid by observing what another individual avoids. Simi-
larly in a social context, it is easier for an individual to direct the observer’s
attention to what it is eating, than to what it is not eating (see also Ch. 6).
Only sophisticated communication and comprehension enable one indi-
vidual to draw another’s attention to the food the individual is avoiding,
or to behavior thatis not occurring (see Visalberghi and Fragaszy, 1996).

Future studies of social influences on learning about foods should
be accompanied by evaluation of their adaptive significance. We could
measure whether social influences of group members promote faster
and/or better exploitation of new foods than occurs when an individual
is exposed to the same environmental conditions without social part-
ners. We also could measure whether social influences from more knowl-
edgeable group members contribute to the adoption of a nutritionally
adequate diet by other members (see Ch. s).

Finally, we believe that the extent to which monkeys are influenced
by social partners depends on what they are learning about. Fear seems
to be a salient and reliable cue and social learning of fear has been docu-
mented when monkeys observed others reacting strongly towards a novel
stimulus (for example, asnake) by giving alarm vocalizations and express-
ing fear (Cheney and Seyfarth, 1990; Mineka and Cook, 1993; Srivastava,
1991; see also Ch. 14). We expect future research to confirm that primates
rely heavily onsocial learning when theidentification of dangerous preda-
tor is involved (as demonstrated by Mineka and Cook (1993); see also
Ch. 2) and that primates learn individually about toxic/poisonous foods
through the amazingly powerful food-aversion learning process, which
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is far safer than relying on conspecifics avoiding that food. Moreover, we
expectsocial influences will be shown to bias individuals’ interest and eat-
ing activities towards foods that are eaten by others. This bias, far from
being specifically directed towards a target food, nevertheless channels
activities in such a way as to increase the chances of “getting it right”.
Possible “errors” can be corrected by an individual’s physiological re-
sponse and feedback, or they may lead to an increase in overall variability
in the population.

7.7  Conclusions

In the past, feeding behavior in nonhuman primates was looked at with
eyes biased by the strong lens of the tremendous impact that social learn-
ing has on the ways humans behave towards food (Rozin, 1996). On the
one hand, our experiments have shown that capuchins are very interested
in others’ foods but this interest is not restricted to situations in which it
may lead to acquisition of useful information. In particulas, capuchins do
not look for information selectively when needed; they do not carefully
scrutinize the appearance of another’s food (and this should caution us in
attributing to monkeys the ability to learn what to feed upon by observing
what group members feed upon), and they do not guide other’s feeding
behavior. On the other hand, the individual’s cautious approach to novel
foods, the ingestion of very limited amounts of novel food, the innate
preference for certain substances, and the capacity for food-aversion learn-
ingareall factors that allow the individual tolearn about foods and reduce
therisk of getting poisoned. Therefore, learning individuaily (rather than
socially) seems a viable option.

However, there are other ways in which the social context provides op-
portunities to learn about foods. The presence of others and what they
do channel the individual’s interest, attention, and activities. Capuchins
have high levels of interindividual tolerance and naive individuals may
accidentally taste the food eaten by other group members and, by doing
so, learn to eat it. The tendencies to coordinate activities in space and
time (Coussi-Korbel and Fragaszy, 1995) are a simple and powerful social
bias on individual learning; coordination allows individuals to do simi-
lar things in similar places at a similar time and thus increases an indi-
vidual’s chance to do what others do (and to eat what others eat). We may
conclude by saying that capuchins do not seem to learn from others but
with others.
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Traditions in mammalian and avian vocal
communication

8.1 Introduction

The most basic definition of traditions used by biologists is the one given
by Fragaszy and Perry in Ch. 1. It states that traditions are enduring be-
havior patterns that are shared by at least two individuals and that are ac-
quired in part through social learning. Laland, Richerson, and Boyd (1993)
distinguished between two forms of social learning. The first involves pri-
marily horizontal information transmission (i.e., between animals of the
same generation) in which information is of only transient value, as in the
acquisition of foraging information in a highly variable environment. In
the second, information is transmitted vertically (between generations)
and results in what Laland et al. (1993) call stable traditions. In this defi-
nition, socially learned information has to remain in the population for a
certain period of time before it can be called a tradition. These two forms
appear not to be exclusive but rather are placed at different points on a
continuum. However, it is useful to consider the results of social learning
in this theoretical framework to demonstrate how social learning in com-
munication systems differs from that in other domains. We will use these
concepts to review vocal traditions in mammals and birds.

By definition, every form of learning about communication has to in-
volve another individual since communication involves at least two in-
dividuals. The only exception is learning to change the quality of a sig-
nal through practicing. However, this can be recognized by observing the
performance of an isolated individual as it changes. Therefore, the study
of vocal traditions avoids one of the main problems in the study of so-
cial learning, namely the question of whether the trait under investiga-
tion is actually learned socially or individually. This is one of the reasons
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why birdsong has been a model system for the study of traditions since
the early 1960s. However, not all forms of social learning that affect vo-
cal communication lead to traditions. One requirement is that behavior
patterns are shared between individuals once learning has occurred. This
excludes some forms of social learning that lead to shared representations
but not shared behavior patterns. Examples are comprehension learning
(Janik and Slater, 2000) or the learning of song preferences (Riebel, 2000).
Aswithmuch elsein science, the best evidence for the existence of a tra-
dition comes from experiments in which social learning is demonstrated.
Simple observation of differences in behavior patterns between groups
of individuals can sometimes suggest the existence of traditions in each
group. However, members of one group may also come to behave simi-
larly to each other and differently from other groups as a result of genetic
isolation or the influence of different environments. A good case in point
here is in dialects. While those found in the vocalizations of many passer-
ine bird species are known to have arisen and to persist through learn-
ing, differences between populations have also been described in groups
where vocalizations are not known to be learnt (e.g., petrels: James, 1985;
owls: Appleby and Redpath, 1997). Even where social learning is known to
have a role in the development of calls or songs, we shall see that this may
happen in various ways. For example, it may still be a matter for debate
whether the individual sounds produced are memorized from the indi-
vidual towhom they are matched or are selected from a pre-existing reper-
toire, those failing to match being discarded (Marler and Nelson, 1992).

8.2 Do group differences imply learning?

As with studies on other kinds of tradition, geographic or group variation
can be an indicator that vocal traditions exist. Studies on birds and mam-
mals have often taken such variation at face value as evidence for learned
differences. However, learning is clearly not the only possible explana-
tion for such variation. Genetic differences or differences in environmen-
tal factors are equally likely to cause variation. To demonstrate this, it is
useful to look at animals in which learning is thought to be so unlikely
that researchers have concentrated more on other possible explanations.
In cricket frogs (Acris crepitans), substantial geographic variation in call
structure can be found over just a few kilometers (Ryan and Wilczynski,
1991). These correlate clearly with genetic differences within the species
and with different habitat types. To Ryan and Wilczynski, the most likely
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explanation for this variation was genetic differences, not learning. Many
researchers working on birds or mammals would interpret the same cor-
relations as evidence for vocal learning. However, there is unequivocal
evidence that this kind of variation can be caused by genetic influences
in birds and mammals as well. In the northern bobwhite (Colinus virgini-
anus), differences in the call structure between familial lines are clearly
related to genetic differences (Baker and Bailey, 1987). Medvin, Stoddard,
and Beecher (1992) presented similar evidence for clift swallows (Hirundo
pyrrhonota). In these studies, individuals were raised with tutors from an-
other location but still developed vocal patterns typical for their own fam-
ilies. As for geographic variation, the difference in repertoire size and the
style of delivery of song between marsh wrens (Cistothorus palustris) from
California and New York (Kroodsma and Canady, 1985), and the difference
in the structure of squirrel monkey (Saimiri sciureus) isolation calls from
two different populations (Lieblich ez al., 1980), are independent of social
experience. In both cases, individuals showed the population-specific pat-
tern even if raised in auditory isolation. There are several cases in which
the initial description of variation in vocalizations has led to a closer ge-
netic investigation and the description of cryptic species (review in Jones,
1997). Therefore, even though most learning about communication is so-
cial, itis still necessary to show that learning is involved in producing the
variation between individuals if this variation is taken as an indicator of
traditions within groups. In the following review, we will, therefore, only
concentrate on cases in which this has been done. For general reviews of
geographic variation in vocalizations in mammalsand birds, seeJanik and
Slater (1997} and Catchpole and Slater (1995}, respectively.

8.3 Forms of learning that can lead to traditions

There are three different aspects of communication that can be influenced
by learning. These are usage, comprehension, and production (Janik and
Slater, 2000). Usage learning and comprehension learning are about the
context in which a signal is used and do not include the acquisition of
novel signals. Usage learning occurs if an individual learns when to use
a signal, that is the context in which to call. Comprehension learning is
the equivalent on the receiver’s side. It occurs if an individual associates
receiving a signal with a novel context. Production learning does not in-
volve the context of calling but describes the process in which an individ-
ual learns to produce a new signal; that is it refers to instances where the
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signal itself is modified in form or structure as a result of experience with
signals of other individuals. This form of learning can lead to greater sim-
ilarity between individuals but also to greater differences if it is used to
avoid overlap with signals of other individuals.

Of these forms of learning, production learning can clearly lead to
shared behavior patterns and thus to the formation of traditions. Com-
prehension learning, however, leads to a shared representation but not to
shared behavior patterns. Therefore, we exclude it from our discussion of
vocal traditions. The case of usage learning is more difficult. It leads to a
shared pattern of signal usage. Can differences in the usage patterns of sig-
nals between groups be considered traditions? It is considered an impor-
tant factor indifferent human cultures and, therefore, we will also include
it in our discussion here.

We should note that it is often not easy to distinguish between dif-
ferent forms of learning. We discussed this problem in detail elsewhere
(Janik and Slater, 2000). A researcher has to identify the existing reper-
toire of an individual before it can be decided whether production or us-
age learning was involved in the development of a specific call type. This
is particularly difficult if we look at vocalizations that are made up of se-
quences of separate elements, as in birdsong. Here, we need to know what
the minimal unit of production (MUP; Barlow, 1977) is in order to iden-
tify whether a new song represents a new unit and was acquired through
production learning or whether each single element is a unit and exist-
ing units are recombined into new sequences through usage learning to
produce a new song. Furthermore, it seems that, even among members of
the same species, MUPs can be found at different levels. Adult male song
sparrows, Melospiza melodia, for example, perceive whole songs as funda-
mental units (Searcy, Nowicki, and Peters, 1999), but young birds often
combine elements from different tutors or song types to form new songs
(Beecher, 1996; Marler and Peters, 1987). Given these complications, it is
hardly surprising that in many cases it is not known what type of learn-
ing is used. We will try to point to the most likely scenarios in our re-
view, keeping in mind that in many cases data on the learning process are
sparse.

8.4 Usagelearning

Vocal usage learning is widespread amongbirds and mammals, as demon-
strated by experiments in which animals have been trained to give
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vocalizations in response to a conditioned stimulus (reviews in Adret,
1993; Janik and Slater, 1997). However, many animal calls are only given
in specific contexts. In these cases, a strong genetic influence can often be
found. Despite the variety of species that are capable of usage learning,
it has hardly been studied in the wild. One well-studied case, however,
is the use of alarm calls by vervet monkeys (Cercopithecus aethiops). Vervet
monkeys give predator-specific alarm calls that distinguish between birds
of prey, leopards, and snakes (Struhsaker, 1967). Infants often give alarm
calls to stimuli that resemble some aspect of a predator, revealing their
genetic predisposition (Seyfarth and Cheney, 1986). However, such stim-
uli can be very different from the actual predator. Infants have been seen
to give bird of prey alarm calls to falling leaves. Only with time do they
learn to distinguish between leaves and birds and later on among differ-
ent birds of prey. This seems to be a tradition with little geographic vari-
ation (Struhsaker, 1970) as it is strongly influenced by the distribution of
current predators. Another example of usage learning among mammals
can be found in sperm whales (Physeter macrocephalus). They show clear ma-
trilineal and geographic variation in the composition of click coda reper-
toires (Weilgart and Whitehead, 1997; Whitehead et al., 1998). Click codas
consist of a series of clicks of the same kind, but they differ in the number
and repetition pattern of these clicks. Since itis only the temporal pattern-
ing and the number of clicks that are different, it seems this is an example
of usage learning rather than production learning. However, few data are
available on differences in the clicks themselves. Given the very stable ma-
trilineal associations of these whales, variations between matrilines can be
caused by different factors(Janik, 2001). However, given that sperm whales
have been found to match arbitrary click rates (Backus and Schevill, 1966)
itislikely that usage learning is involved.

Studies on chimpanzees (Pan troglodytes) (Clark Arcadi, 1996; Mitani
et al., 1992) and Japanese macaques (Macaca fuscata) (Green, 1975) have
described variation in call parameters between populations. While non-
human primates are clearly capable of usage learning and production
learning in the temporal domain (review in Janik and Slater, 1997), there
is some debate as to whether they can learn to alter frequency parameters.
Geographic variation in chimpanzee pant hoots was primarily caused by
differences in the frequency range of calls (Mitani and Brandt, 1994). Such
differences in frequency parameters could be caused by production learn-
ing. However, there is no experimental evidence for production learning
in chimpanzees. Mitani et al. (1992) argued that differences may be caused
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by usage learning stemming from the selective reinforcement within each
population if an animal produces a sound that matches the population
norm. Alternatively, provisioning by humans at both sites could have
had a conditioning effect that resulted in the observed differences, again
through usage learning. Mitani, Hunley, and Murdoch (1999} suspected
that variations in frequency range could even be explained by size dif-
ferences of the animals at the different sites, given that differences be-
tween populations were not exclusive but reflected the average frequency
range used at each site. However, chimpanzees are clearly capable of usage
learning involving pant hoots (Marshall, Wrangham, and Arcadi, 1999);
given the additional differences between populations in call usage (Clark
Arcadi, 1996), it seems clear that they have traditions of usage of calls
within geographically isolated groups. A similar case of geographic vari-
ation in coo calls has been found for Japanese macaques (Green, 1975). A
cross-fostering study on three individuals seemed to support the idea that
Japanese macaques show production learning in the frequency domain
(Masataka and Fujita, 1989). However, a subsequent more detailed cross-
fostering study could find no evidence of production learning having any
influence on coo call development (Owren et al., 1992). As in the chim-
panzee study, usage learning may explain the differences in call structure
between populations (for a review of unexplained group differences in
vocalizations of other primate species, see Janik and Slater (1997)).

Until a few years ago, birdsong learning was thought to be entirely a
matter of memorizing songs, in some cases well before adulthood, which
were then reproduced when the adult was mature, and examples of usage
learning were few. A nice exception was the study by Spector, McKim,
and Kroodsma (1989) on yellow warblers, a species that uses one song type
in long series of repeats largely in the middle of the day, while at other
times it has a variety of other song types that it switches rapidly between,
particularly at dawn. Training birds with song types presented in these
ways leads them to be more likely to use those particular songs in the
same fashion.

Usage learning has come to the fore in recent years particularly
through the notion of action-based learning, put forward by Marler and
Nelson (1992, 1993). Many bird species produce a large variety of sounds
during subsong but settle down to a much smaller repertoire once their
final song has crystallized (e.g., Marler and Peters, 1982). Field observa-
tions suggest that the songs most likely to be discarded are those that are
not shared with neighbors (Nelson, 1992, 2000). The birds thus appear to
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learn a large repertoire of songs early in life, but only to retain those in
their repertoire with which they can usefully interact with neighbors later
on. Hough, Nelson, and Volman (2000) showed that one of these species,
the white-crowned sparrow (Zonotrichia leucophrys), is clearly capable of re-
expressing songs that seemingly had been lost after the overproduction of
song during vocal development. Therefore, usage learning can be an im-
portant factor in the formation and maintenance of local song traditions
(Nelson, 2000). While no clear case has yet been described where the ini-
tial song repertoire is not memorized, this is also a theoretical possibil-
ity (Marler, 1997; Slater, Lachlan, and Riebel, 2000). The sorts of sound
that some species can produce are very heavily constrained (Marler and
Pickert, 1984), and in some cases a fixed and relatively limited repertoire
of sounds has been proposed (Baker and Boylan, 1995). It is not easy to dis-
tinguish between the idea that these sounds are not influenced by produc-
tion learning, with ones being selected for use depending on experience,
and thealternative that the youngbird memorizes the sounds themselves.
However, if such lack of memorization exists, it must be rare. Birds can of-
ten be trained to produce sounds from beyond the normal species-specific
range, which would indicate that production learning is at work. How-
ever, usage learning may be involved in the generation of new sequences
of existing elements.

Another particularly interesting example of usage learning is in the
brown-headed cowbird (Molothrus ater). While male cowbirds sing their
own species-specificsong, the speciesis abrood parasite so that opportuni-
ties for learning from adults are very limited. King and West (1983) found
that young males housed with females of a different subspecies develop
songs appropriate to that subspecies rather than their own. As the females
do notsing, this was a perplexing finding. However, West and King (1988)
found that the females have a display, wing stroking, that they perform
in response to some male songs and that these songs are, therefore, more
likely to be repeated. Consequently, just as is proposed to occur between
territorial neighbors, the males produce a wide variety of sounds during
subsongbut then discard many of them, retaining only those that are most
effective. Inaddition to this process, recent work hasshown that the rate of
song development, which also differs between subspecies, is influenced by
the females (Smith, King, and West, 2000). Furthermore, young male cow-
birds that are placed in a population with a different song learn this song,
and this new song is then in turn passed on to their offspring, demon-
strating that there is little genetic influence on song differences between
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populations (Freeberg, King, and West, 2001). Therefore, the case of the
brown-headed cowbird demonstrates clearly that usage learning can lead
to stable traditions.

An impressive final piece of evidence for usage (and production) learn-
ingcomes from experiments in which African grey parrots (Psittacus eritha-
cus) are trained in the laboratory. In addition to the well-known capacity
of these animals to learn to produce sounds {Pepperberg, 1981), they also
use them in therightcontext, for example by naming objects (Pepperberg,
1990). Unfortunately, little is known on parrot communication in the wild
so that we cannot tell whether usage learning leads to vocal traditions in
parrots.

8.5 Production learning

Production learning is relatively rare in mammals. It has only been found
in pinnipeds, chiropterans, cetaceans, and humans. In pinnipeds, geo-
graphic variation of calls has been described in many species (Cleator,
Sitrling, and Smith, 1989; Morrice, Burton, and Green, 1994; Terhune,
1994; Thomas and Golladay, 1995; Thomas and Stirling, 1983), but only
one study describing a harbor seal (Phoca vitulina) mimicking human
speech has provided evidence for production learning (Ralls, Fiorelli, and
Gish,198s). However, even though harbor seals appear to show geographic
variation in their calls (van Parijs, Hastie, and Thompson, 2000) it is still
unclear how learning influences call development.

In bats, production learning was first found in the greater horseshoe
bat (Rhinolophus ferrumequinum), in which infants copy the acoustic fre-
quency of their mother’s echolocation call (Jones and Ransome, 1993).
More detailed information on vocal tradition comes from another species,
the greater spear-nosed bat (Phyllostomus hastatus). Females of this species
live in stable groups of unrelated individuals and use group-specific
screech calls (Boughman, 1997). If group composition is changed exper-
imentally by adding a new individual, all bats re-adjust their calls, which
resultsin increased similarity in calls amongall group membersincluding
the new one (Boughman, 1998). Currently there are no data on the stability
of these calls. However, given that they are transmitted horizontally, they
seem to belong to this more variable and transient class of social learning
described by Laland etal. (1993).

In cetaceans, production learning occurs in every species in which it
has been investigated. However, only in the bottlenose dolphin (Tursiops
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truncatus), the killer whale (Orcinus orca), and the humpback whale
(Megaptera novaeangliae) do we have information on vocal traditions in con-
nection with production learning. Bottlenose dolphins develop individu-
ally distinctive signature whistles (Caldwell, Caldwell, and Tyack, 1990)
that are used in the maintenance of group cohesion (Janik and Slater,
1998). However, they also copy each other’s signature whistles, most likely
to address specific individuals (Janik, 2000). Signature whistle develop-
ment has received little study, but it seems that individuals learn whistles
they hear and then modify them to develop their own signature whistle
(Tyack, 1997). Accordingly, geographic variation in acoustic parameters of
whistles can be found at sites only a few hundred kilometers apart(Wang,
Wiirsig, and Evans, 1995). However, there is no information on the stabil-
ity of local traditions.

Killer whales off British Columbia have been reported to use pod-
specific call repertoires that are thought to be vocal traditions (Ford and
Fisher, 1983). Miller and Bain (2000) found that within-pod variation in
calls correlated with matrilineal relatedness. Genetic evidence shows that
mating is rare within pods but frequent between different pods that do
not share calls (Barrett-Lennard, 2000). Therefore, learning is the most
likely cause for within-pod variation in call structure. This makes it also
more likely that interpod differences are influenced by learning. Deecke,
Ford, and Spong(2000) found that the acousticstructure of one shared call
type produced by two different pods changed significantly over a period
of 12 years. In this process, the rate of divergence between the groups was
lower than the rate of modification. Such parallel changes between groups
could have been caused by maturational processes. However, a second call
type did not show any change in either pod, suggesting that this kind of
drift is influenced by learning.

Male humpback whales produce elaborate songs in their breeding sea-
son that are clearly influenced by production learning (Janik and Slater,
1997). All males within a population sing the same song at any one time
(Payne and Payne, 1985), but songs of isolated populations show hardly
any similarities (Winn et al., 1981). However, songs are not very stable
since the common song changes considerably over just one singing sea-
son (Payne, Tyack, and Payne, 1983). The most dramatic change has been
reported from Australia. Humpback whale song off the west coast dif-
fers greatly from that of the east coast. Usually there is little migration
between these two populations. However, Noad et al. (2001) found that
virtually all humpbacks from the east coast changed their song to that
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of west-coast animals within one season after a few individuals migrated
from the west to the east. Thus, transmission is clearly horizontal.

Among birds, there are three groups in which learning plays a role
in song development: hummingbirds (Apodiformes), parrots (Psittaci-
formes), and the true songbirds (oscine Passeriformes). Between them,
these amount to more than half the current species of birds, around 5000.
Production learning, in which sounds of other individuals are memo-
rized, has been found in all cases in these groups that have been analyzed
in detail, except for the grey catbird (Dumetella carolinensis), where indi-
viduals develop highly varied songs but these seem to be invented rather
than based on ones they have experienced (Kroodsma et al., 1997). Where
sounds copied from other individuals are memorized and later produced,
avocal tradition may become established, its longevity depending on the
probability that that particular song is copied and on the accuracy of copy-
ing. The identification of such traditions is eased where learning takes
place after dispersal, for example from territorial neighbors, so that par-
ticular traditions tend to persist in a given locality. A good example here
is the village indigobird (Vidua chalybeata), in which birds form leks within
which the numerous song types are shared by all the members. On the
one hand, occasional birds that move from one lek to another in adult-
hood alter their songs to match those of the group that they are join-
ing (Payne, 1985). On the other hand, where birds learn as juveniles and
then disperse before breeding, they may sing songs which, though accu-
rately copied elsewhere, bear little similarity to those round about them
(e.g., Slater and Ince, 1979).

Many birds have repertoires of song types and in some cases whole
repertoires are learnt as a package (e.g., corn bunting, Miliaria calandra:
McGregor, 1980; McGregor and Thompson, 1988; but see Latruffe et al.,
2000). More usually, birds copy different songs from different individu-
als so they may end up with a mixture of song types that differs from the
repertoire of any other bird in the population (Slater, Ince, and Colgan,
1980). In short-toed treecreepers (Certhia brachydactyla), birds have been de-
scribed as learning each song, not from a single other individual but by
blending the characteristics of several (Thielcke, 1987). Such an averaging
process would lead to greater conservatism.

Most of the evidence we have points to traditions in birdsong deriving
from random processes (e.g., Chilton and Lein, 1996; Payne, Payne, and
Dochlert, 1988). Occasional transcription errors or immigration lead to
new song types being introduced into the population, while other song
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types fail to be copied and thus become extinct. These two processes of
introduction and extinction balance out so that there is a gradual turnover
of the songs present but the variety remains the same. As most birds learn
their songs only as juveniles or young adults, the rate of change depends
very much on turnover in the population though changes within and be-
tween seasons, similar to those described above for humpback whales,
have been described in thrush nightingales (Luscinia luscinia) by Sorjonen
(1987). The most detailed studies, by Lynch et al. (1989) on chaffinches and
Payne (1996) on indigo buntings (Passerina cyanea), find no evidence for any
systematic change, but simply turnover of the songs present. The only
case described so far of directional change, suggesting some songs are fa-
vored over others, is in the Darwin’s medium ground finches (Geospiza for-
tis) studied by Gibbs (1990). Over the course of six years, the commonest
song type in the population became rarer, while the three less-common
types became commoner. It appeared that males singing the rarer types
survived better and produced more male offspring that survived to join
the breeding population. Darwin’s finches are among the few species of
birds in which sons normally learn their songs from their fathers. Just why
possessing a rare song should lead to greater longevity and fecundity re-
mains obscure: if this were generally true, presumably rare songs would
become commoner, and common ones rarer, until all were equal in fre-
quency, and this was certainly far from the case at the start of Gibbs’ (1990)
study. The population being a closed one, we can discount immigration
and, while rarity onits own could easily be achieved by innovation, no new
song types were recorded in the course of Gibbs’ study. Again this raises
the issue of what it was about the rarer song types in this population that
gave them an advantage.

Despite the apparent role of random processes in the development
of traditions, there are cases where traditions seem to be connected to
functional aspects of communication. As in mammals, some bird species
form group-specific calls, which are shared by all group members but also
show change over time. The contact calls of male budgerigars (Melopsitta-
cus undulatus) placed in a group converge over the course of a few weeks
(Farabaugh, Linzenbold, and Dooling, 1994). When a new bird is added
to an established group, its call changes to macch that shared by the oth-
ers (Bartlett and Slater, 1999). The calls of female budgerigars also con-
verge in groups (Hile and Striedter, 2000), and pairs also match their calls,
but here because the male call is modified to match that of the female
(Hile, Plummer, and Striedter, 2000) The horizontal transmission of calls
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and the flexibility of contact call systems are likely to make their tradi-
tions rather unstable, butlittle isknown aboutlong-term changes in calls.
Another case of group-specific calls is in the yellow-rumped cacique
(Cacicus cela) (Feckes, 1982). Here, songs change rapidly both within and
between seasons, as in humpback whales (Trainer, 1989). That the changes
are gradual and in constant directions suggests a benefit to adopting cer-
tain songs, rather than drift or error in copying.

8.6 The rate of change in vocal traditions

As we have seen, vocal traditions can have very different rates of change.
They can be an important factor in the survival of individuals, as in the
appropriate use of alarm calls. Such highly relevant information only
changes if the predator distribution changes, for the obvious reason that
the relatives of an inappropriate user would not be around for very long.
However, other information does not seem to be as vital, and this is where
we can observe change over time for no apparent reason. If copying errors
do not lead to a decrease in reproductive success, they can explain the ori-
gins and some of the changes in vocal traditions that are observed in bird
and mammal populations. Another factor that may influence stability is
the extent to which learning has an influence on call development.
Unfortunately, there is very little information on the rate of change in
vocal traditions of mammals. Terhune (1994) recorded harp seals (Phoca
groenlandica) at the same location on occasions 18-20 years apart. A com-
parison only showed very slight differences in calls, which may have been
caused by sampling errors. Similarly, Deecke et al. (2000) showed very
slight changes in one shared call type for killer whales over a period of
12 years, while another call type did not change at all. In neither of these
species has production learning been demonstrated, even though it seems
likely for the killer whale (see above). The low rate of change may indi-
cate that production learning is of little importance in call development.
However, killer whales and harp seals are very long lived and the seem-
ingly long intervals between recordings may have notbeen long enough to
capture changes from one generation to the next. Payne and Payne (1985)
provided a detailed study of changes in humpback whale song over 19
years. One song is made up of three to nine different themes, which con-
sist of repeated sequences of elements called phrases. If songs from dif-
ferent years are compared, some interesting patterns emerge. Each song
consists of material that is unique to that year, but most songs also include
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some thematic material that is not unique to that year. Humpback whales
also sing old song themes more slowly than newer ones. While songs from
subsequent years tend to share a lot of song themes, drastic changes from
one year to the next can occur, with the most drastic case being the one
described for Australia above. On average, 63% of all themes were shared
in songs of subsequent years, 20% in songs separated by 2 to 11 years, and
nothing was shared in songs from 15 or more years apart.

Vocal traditions in birds vary immensely in their longevity. In some
cases, substantial changes have been recorded from year to year (Avery and
Oring, 1977; Sorjonen, 1987; Trainer, 1989). Equally, the songs in an area
may remain substantially the same over a decade or more (Bradley, 1994;
Dixon, 1969; Thiclcke, 1987). At an even greater extreme, Sorjonen (2001)
describes two dialects of the chaffinch rain call on the border between
Finland and Russia that seemed much the same in structure and distribu-
tion as those described in the same area over a century earlier. Thisisamale
calland heattributed this persistence to site fidelity of males. In the white-
crowned sparrow, Harbison, Nelson and Hahn (1999) described four pop-
ulations in two of which there had been little change in song over 26 years
while in the other two it had changed a great deal. The latter involved
small populations in which it is argued syllables are more likely to go ex-
tinct and newly introduced ones to spread. A final, remarkably persistent,
tradition is that of rufous-collared sparrow (Zonotrichia capensis) song in
agriculturalareas of the pampas of Argentina. This species occurs ina wide
variety of habitats and its song tends to be matched to the habitat: in par-
ticular, the trill that it includes is slower in densely wooded areas, where
faster ones would tend to be distorted by reverberation. In agricultural
areas, however, trill rate varies considerably, and Handford (1981) found
that they were appropriate to the habitat that had been present in the area
100 or more years ago, before the introduction of agriculture. One reason
Handford suggests for this conservatism is that rufous-collared sparrows
are among the few species that breed in farmland, and they occur there at
very high densities. This habitat does not present such constraints on trill
rate as woodland, and as the birds are close together the habitat charac-
teristics are less important to sound transmission. The young birds will
also have little difficulty in hearing models to copy. The persistence of a
particular song, therefore, probably stems from lack of pressure to change
combined with very high fidelity of copying.

Copying fidelity islikely to be a very important factor in the duration of
traditions. Laboratory experiments suggest that song types can be copied
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accurately from a tutor even without a great many repeats. Petrinovich
(1985) found that white-crowned sparrows would notlearn from less than
120 repeats, but two birds did learn songs heard only 256 times, which
is not a large number compared with the hundreds of repetitions per
day commen in singing birds. More striking, however, is the finding of
accurate copying by nightingales (Luscinia megarhynchos) of songs heard
only 1020 times (Hultsch and Todt, 1989a,b). Therefore, the potential is
there for extremely persistent traditions. However, the situation in the
wild may be quite different. First, provided the song conforms to species-
specific constraints, the pressure to get the copy absolutely right may not
be great. Second, opportunities to copy may be much more limited. Young
chaffinches sometimes hatch in early July when the adult males around
them are nolonger singing, so they may have no opportunity to memorize
song in their first summer. While they can memorize either at this stage or
in the following spring (Slater and Ince, 1982), opportunities in this next
season may also be limited, for example if they set up territory in a small
patch of habitat where there are no neighbors. It is perhaps remarkable
that it is rare to hear a bird singing an untutored song.

Detailed studies of particular populations over time give some indica-
tion of the rate of change that is occurring. Payne et al. (1981) described
a population of indigo buntings in terms of the “half life” of partic-
ular song types. Indigo bunting songs consist of a variable number of
phrases within which a particular syllable is repeated a number of times.
Traditions exist where the same series of phrases occurs repeatedly, some-
thing that would be very unlikely to happen by chance. As the number of
phrases varies between songs, Payne et al. (1981) decided to look at strings
of three and found that these averaged a half-life of 3.8 years, though some
persisted for the full 15 year duration of the study. While this is impres-
sive evidence for a persistent tradition, the exact result depends on their
choice of three phrases as the cultural unit for analysis: shorter modules
would presumably have persisted for longer and have been more likely
to arise by chance, while longer modules would have certainly not lasted
so long.

In chaffinches, songs fall into clear types of fixed structure; conse-
quentlya traditional unitis easier to define. Two separate lines of evidence
converge on the idea that 85% of songs are accurate copies of songs already
present in the neighborhood while 15% are either introduced from else-
where or miscopies. Because of the possibility that new song types arise
by immigration, the15% figure is a maximum cultural mutation rate. The
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first evidence for it came from studies of the distribution of song types in
a population (Slater et al., 1980). Many songs are unique to the individual
singing them, while, at the other extreme, some song types are shared by
around half the birds in the wood. Computer simulations with various er-
ror rates pointed to 15% being that most likely to lead to such a distribu-
tion. At 10%, song types tended to be more widely shared, and at 20% a
higher proportion were unshared. The second line of evidence comes from
a snapshot of the same population in two summers 18 years apart (Ince,
Slater, and Weismann, 1980). Only three song types were common to the
two sets of recordings, out of a total of 22 recorded in one year and 35 in
the other. This is closely matched to the rate of change expected from a
15% mutation rate.

Aswith these examples, most studies of birdsong suggest that changes
over time are attributable to the gradual accumulation of copying errors
(see, for example, the cases reviewed by Lynch (1996)). In some cases, how-
ever, like humpback whales or caciques, change is so rapid that it seems
unlikely to be caused by error. The reasons for such accelerated change
arestill unclear. A likely explanation is some sort of run-away process. Ex-
amples are if intruders learn a group-specific call rapidly or if conformity
in mating signals is necessary to stimulate females but slight differences
bring a reproductive advantage for individual males.

8.7 Thebiological significance of vocal traditions

Traditions have been a major research interest of ornithologists ever since
Thorpe (1958) discovered the large extent to which learning influences
song development in chaffinches. In one of the first studies on animal
traditions, Nicolai studied family traditions in songs of bullfinches as
early as 1959. The research on vocal traditions in birds has mainly fo-
cused on their description and the mechanisms involved in their develop-
ment and maintenance. Given this long history, we know a lot more about
vocal traditions in birds than we do for most other animal traditions.
These data allow us to look at patterns beyond those exhibited by single
species.

Traditionscan besplitinto those that concern social behaviorand those
that do not. Traditions of nonsocial behavior patterns, like tool use or di-
etary habits, enable a species to conquer an otherwise inaccessible habi-
tat by allowing the exploitation of new food sources (e.g., Terkel, 1996) or
make feeding more time efficient, which in turn can increase population
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density and/or free up time for other activities. This extra time may be an
important support for the evolution of more complex social interactions
(Byrne, 1995). Traditions of social behavior including vocal traditions can
isolate individuals or groups from outsiders or improve transmission in
specific habitats. This isolating mechanism can act within populations
on the group level or on a larger scale between populations. The best de-
scriptions of group-specific calls come from bats (Boughman, 1998) and
budgerigars (Bartlett and Slater, 1999; Farabaugh et al., 1994). These tradi-
tions are carefully maintained and adjusted to include new group mem-
bers. Unfortunately, we know little about reactions to outsiders in these
groups. On a population level, vocal traditions used in mate choice may
help to maintain co-adapted gene complexes that represent local adap-
tations (Baker and Cunningham, 1985; Nottebohm, 1969). This idea has
received a lot of attention in birdsong research (review in Catchpole
and Slater, 1995). In some species, there are correlations between ge-
netic and cultural variation (Balaban, 1988), while in others there are not
{Lougheed and Handford, 1992; Lougheed, Handford, and Baker, 1993).
However, even Balaban (1988) pointed out that such a correlation need not
indicate a causal relationship. Consequently, even though the idea is in-
triguing, there is no good evidence supporting it. Finally, group differ-
ences may arise because of errors in the copying process. Once two groups
of animals are sufficiently isolated over time, such errors can lead to pro-
gressive and divergent change in their vocal repertoires. It has been ar-
gued that this was the main reason for vocal traditions in some bird species
(Andrew, 1962; Bitterbaum and Baptista, 1979; Wiens, 1982). It may also ex-
plain some of the mammalian cases, such as the group-specific repertoires
of killer whales (Ford and Fisher, 1983). However, even such by-product
traditions can eventually lead to reproductive isolation if they diverge far
enough. Inkiller whales, this has been proposed for the so-called transient
and resident groups, which are sympatric but do not interbreed (Baird,
Abrams, and Dill, 1992). A similar argument has been put forward for the
evolution of Darwin’s finches (Grant and Grant, 1996). Interestingly, com-
puter simulations have shown that once vocal learning has evolved it is
very unlikely to disappear again, even if it loses its original function and
lowers the average fitness of the population (Lachlan and Slater, 1999). The
fact that functional explanations for vocal traditions are often hard to find
makes the idea that some species are currently in this cultural trap even
more appealing. Studies on vocal traditions should consider this possibil-
ity even if it will be difficult to establish.
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