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The Evolution of Mind

Origin of man now proved.—Metaphysic must flourish.—He who understands
baboon would do more towards metaphysics than Locke.
CHARLES DARWIN, 1838: NOTEBOOK M

What goes through a baboon’s mind when she contem-
plates the 80 or so other individuals that make up her
group? Does she understand their social relations? Does
she search for rules that would allow her to classify them
more easily? Does she impute motives and beliefs to them
in order to better predict their behavior? Does she impute
motives and beliefs to herself when planning a course of
action? In what ways are her thoughts and behavior like
ours, and in what ways—other than the obvious lack of
language and tools—are they different? These are ques-
tions that also vexed Charles Darwin.

We have taken our title from one of Darwin’s most mem-
orable remarks. He wrote it on August 16, 1838, almost two
years after returning from his voyage on the Beagle and 21
years before the publication of The Origin of Species. It was
a time of vigorous intellectual activity, when Darwin read
voraciously on many subjects, both within and beyond the
sciences, and met and talked with many different people,
from family friends to prominent literary and political fig-
ures (Hodge 2003). Despite this active intellectual life, how-
ever, it seems unlikely that he or anyone else had ever com-
bined the words “baboon” and “metaphysics” in the same
sentence. What was Darwin thinking?



CHAPTER ONE

Mind and behavior in Darwin’s time

The Cambridge English Dictionary defines metaphysics as “the part
of philosophy that is about understanding existence and knowledge.”
Writing in the Westminster Review in 1840, John Stuart Mill offered a
summary of views on the origin of knowledge that were being discussed
by Darwin and his contemporaries. “Every consistent scheme of phi-
losophy requires, as its starting point, a theory representing the sources
of human knowledge, and the objects which the human faculties are ca-
pable of [understanding]. The prevailing theory in the eighteenth cen-
tury ... was that proclaimed by Locke, and attributed to Aristotle—that
all our knowledge consists of generalizations from experience” (Mill
1840). According to this theory, Mill continued, we know “nothing, ex-
cept the facts which present themselves to our senses, and such other
facts as may, by analogy, be inferred from these. There is no knowledge
a priori; no truths cognizable by the mind’s inward light and grounded
on intuitive evidence.” Locke believed that the mind acts simply to
associate events that have been joined together through proximity and
repetition. From these associations it generates behavior. Anything we
think or do can ultimately be traced to our experience.

Mill continued: “From this doctrine Coleridge with ... Kant ... strongly
dissents. ... He distinguishes in the human intellect two faculties ... Un-
derstanding and Reason. The former faculty judges of phenomena, or
the appearance of things, and forms generalizations from these: to the
latter it belongs, by direct intuition, to perceive things, and recognize
truths, not cognizable by our senses.” In Kant’s scheme, these percep-
tions exist a priori but are not completely innate because they require
experience for their expression. For Kant, the mind was not a blank slate
on which any sort of experience can write any kind of instructions. It is,
instead, biased in the way it responds to features of the world—actively
organizing experiences and generating behavior on the basis of pre-
existing schemes. To understand our thoughts, beliefs, and behavior,
therefore, we must consider not only our own individual experiences
but also the preexisting nature of the mind itself.

Empiricism and rationalism were hotly debated at the time. Mill
reported that “between the partisans of these two opposite doctrines
there reigns a bellum internecinum [in which] even sober men on both
sides take no charitable view of each others’ opinions.” Darwin followed
the debate, but with a more open mind and a much more zoological
perspective than many of his contemporaries. While others debated the
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nature of the human mind, he also puzzled over the minds of bees,
dogs, and baboons.

Darwin’s interest in metaphysics was motivated by more than just
idle curiosity—it was also fueled by excitement and personal ambition.
By the late 1830s and 1840s, the theory of evolution by natural selection
was beginning to take shape in his mind, and his notebooks are filled
with many speculations about how his work might shed an entirely new
light on the study of human knowledge.

Darwin had observed that every animal species engages in repeated,
“habitual” behavior. Birds build nests, squirrels hoard seeds, and dogs
raise the fur on their back when they feel threatened. He believed that
these behaviors recurred because they were beneficial to the indivi-
duals involved and that, over generations, habitual behavior became
“instinctive,” or innate. Under the right conditions, instinctive behavior
would appear automatically, even if the animal had never before had
the appropriate experience. When they act by instinct, then, animals
are not behaving according to Lockean reason, carefully weighing the
information acquired from experience. Instead, they are governed by
“hereditary tendencies” acquired over generations (Darwin 1838a; for
Darwin’s views on habitual and instinctive behavior, see his other note-
books in P.H. Barrett et al. 1987).

This is not to say that Darwin believed animals were slaves to their in-
stincts, wholly devoid of learning or reason. Some of his contemporaries
did hold such views, and used them to draw a sharp distinction between
humans and other animals. The naturalist Edward Blyth (1837), for ex-
ample, wrote that “whereas the human race is compelled to derive the
whole of its information through the medium of its senses, the brute is,
on the contrary, supplied with an innate knowledge of whatever proper-
ties belong to all the natural objects around.” Darwin disagreed—both
with the conclusion that animals’ thoughts and behavior are entirely
based on instinct and with the view that human thought and behavior
are governed entirely by reason. “[It is] hard to say what is instinct in
animals & what [is] reason, in precisely the same way [it is] not possible
to say what [is] habitual in men and what reasonable. ... as man has he-
reditary tendencies, therefore man’s mind is not so different from that of
brutes” (Darwin 1838a). Like many of his contemporaries, Darwin was
searching for an explanation of mind and behavior that would combine
innate, inherited tendencies (a bit of rationalism from Kant) with rea-
soning based on experience (a bit of empiricism from Locke) (Richards
1987). In this as in so much else, Darwin was a man ahead of his time.
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Darwin also realized that, whatever the exact balance between in-
nate behavior and reason in any particular instance, his theory of evo-
lution had important implications for the study of metaphysics. After
all, thoughts and instincts came from the mind, and the mind could be
studied like any other biological trait. It was different in different spe-
cies, reflecting the particular adaptations of each, and it could change
gradually over time, being transmitted from one generation to the next.
In his notebook M (M for metaphysics), Darwin wrote: “We can thus
trace causation of thought ... [it] obeys [the] same laws as other parts of
structure” (Darwin 1838b).

With growing excitement, Darwin began to see that his theory might
allow him to reconstruct the evolution of the human mind and thereby
resolve the great debate between rationalism and empiricism. The mod-
ern human mind must acquire information, organize it, and generate
behavior in ways that have been shaped by our evolutionary past. Our
metaphysics must be the product of evolution. And just as the key to
reconstructing the evolution of a whale’s fin or a bird’s beak comes from
comparative research on similar traits in closely related species, the
key to reconstructing the evolution of the human mind must come
from comparative research on the minds of our closest animal relatives.
“He who understands baboon would do more towards metaphysics
than Locke.”

Twentieth-century views: behaviorists and their critics

In the first half of the 20th century, research on the mind and behav-
ior was dominated by modern-day empiricists like E. L. Thorndike,
J. B. Watson, and B. F. Skinner, who together developed the doctrine of
behaviorism. Like Locke, they believed that organisms come into the
world with little a priori knowledge: behavior is the product entirely of
experience. As an animal moves through its world, it encounters stimuli
and responds to them. If its response is followed by something pleasant,
like food, the response will be repeated whenever the animal encoun-
ters the same stimulus again. In this way, the animal quickly develops
an array of behaviors that are well suited to its needs.

As the intellectual descendants of Locke, behaviorists believed that
the mind is concerned primarily with the formation of associations:
mechanical principles of attachment that develop as a result of experi-
ence. They saw the mind not as an active “thinking” organ, predisposed
to organize incoming stimuli in certain ways, but instead as a rather
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passive arena in which stimuli from the environment are combined
according to simple rules, thereby producing behavior. The behavior-
ists concluded that a few simple but powerful laws, like Pavlov’s Law
of Association and Thorndike’s Law of Effect, could account for all be-
havior, in every species and every circumstance. They believed in the
principle of equipotentiality. As Skinner famously remarked, “Pigeon,
rat, monkey, which is which? It doesn’t matter ... once you have allowed
for differences in the ways they make contact with the environment,
what remains of their behavior shows astonishingly similar properties”
(Skinner 1956:230-231).

The behaviorists saw little point in considering mental activities like
thoughts, feelings, goals, or consciousness, for reasons that were both
methodological and deeply philosophical. On the practical side, mental
states like thoughts or emotions are private. They cannot be observed or
measured, nor can one predict how they might be changed by experi-
ence. Under these circumstances, the mental activities of animals can
hardly play a role in any scientific discipline. Even in humans, where
introspection prompted some behaviorists to admit—grudgingly—that
mental states might exist, the exact nature of these states are unknow-
able because they can never be verified by more than one person. Once
again, this makes mental states unsuitable for scientific study. Some
behaviorists went even further. In his 1974 book About Behaviorism,
Skinner distinguished between “methodological behaviorists” who ac-
cepted the existence of mental states but avoided them because they
could not be studied scientifically, and “radical behaviorists” like him-
self, who believed that “so-called mental activities” were an illusion—
an “explanatory fiction.” For Skinner, thoughts, feelings, goals, and
intentions played no role in the study of behavior because they did not,
in fact, exist.

Although behaviorism dominated 20th-century psychology, it was
not without its critics. Perhaps the best way to understand them is to
consider some classic observations and experiments that challenged the
behaviorists’ worldview.

Song sparrows (Melospiza melodia) and swamp sparrows (Melospiza
georgiana) are two closely related North American birds with very dif-
ferent songs. Males in both species learn their songs as fledglings, by
listening to the songs of other males. But this does not mean that the
mind of a nestling sparrow is a blank slate, ready to learn virtually any-
thing that is written upon it by experience. In fact, as classic research
by Peter Marler and his colleagues has shown, quite the opposite is true.
If a nestling male song sparrow and a nestling male swamp sparrow are
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raised side-by-side in a laboratory where they hear tape-recordings of
both species’ songs, each bird will grow up to sing only the song of its
own species (Marler and Peters 1989).

The constraints that channel singing in one direction rather than
another cannot be explained by differences in experience, because each
bird has heard both songs. Nor can the results be due to differences in
singing ability, because both species are perfectly capable of producing
each other’s notes. Instead, differences in song learning must be the
result of differences in the birds’ brains: something in the brain of a
nestling sparrow prompts it to learn its own species’ song rather than
another’s. The brains of different species are therefore not alike. And
the mind of a nestling sparrow does not come into the world a tabula
rasa—it arrives, instead, with genetically determined, inborn biases
that actively organize how it perceives the world, giving much greater
weight to some stimuli than to others. One can persuade a song sparrow
to sing swamp sparrow notes, but only by embedding these notes into a
song sparrow’s song (Marler and Peters 1988). It is almost impossible to
persuade a swamp sparrow to sing any notes other than its own (Marler
and Peters 1989). Philosophically speaking, sparrows are Kantian ratio-
nalists, actively organizing their behavior on the basis of innate, pre-
existing schemes.

In much the same way, human infants have their own sensory and
cognitive biases. From the first days of life, they attend more readily
to faces than to other visual stimuli and more readily to speech than
to other auditory stimuli. This latter bias can apparently be traced to a
preference for the intonation contours in spoken language: two-day-old
babies show distinctive cerebral blood flow when they hear a normal
sentence but not when the same sentence is played backward (Dehaene-
Lambertz et al. 2002; Pefa et al. 2003). Humans and sparrows are not
alone in preferring their own species’ sounds: when a rhesus macaque
monkey (Macaca mulatta) hears a call given by a member of its own
species, its brain exhibits activity that is markedly different from that
shown in response to other sounds. Indeed, rhesus calls activate in the
rhesus brain the same areas activated by human speech in the human
brain (Gil da Costa et al. 2004).

Some of the most striking evidence for an innate predisposition to
learn one’s own species’ communication comes from children who are
born blind or deaf. Although they cannot see the objects in the world to
which spoken words refer, blind children develop language at roughly
the same age and in the same manner as children who can see (Landau
and Gleitman 1985). Data from children born deaf are even more strik-
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ing. Lila Gleitman, Susan Goldin-Meadow, and their colleagues studied
several deaf children born to hearing parents who did not themselves
know ASL, the American Sign Language for the deaf. Although raised
in loving, supportive environments, these children were deprived of
any exposure to language. Nonetheless, they spontaneously invented a
sign language of their own, beginning with single signs at roughly the
same age that single words would ordinarily have appeared. And during
the following months and years, as they developed more complex sen-
tences, the children produced signs in a serial order according to their
semantic role as subject, verb, and object (see Goldin-Meadow 2003 for
review).

The songs of sparrows, the calls of monkeys, and the language of
human children could hardly be more different, yet they all lead to the
same conclusion: each species has a mind of its own that, like its limbs,
heart, and other body parts, has evolved innate predispositions that
cause it to organize incoming sensations in particular ways. The mind
arrives in the world with constraints and biases, “prepared” by evolu-
tion to view the world, organize experiences, and generate behavior in
its own particular way (Pinker 2002). And because each species is dif-
ferent, the behavior of different species is unlikely to be explained by a
few general laws based entirely on experience. Although there may well
be some general features of learning that are shared by many species,
the behaviorists’ principle of equipotentiality (“pigeon, rat, monkey..."”)
is understandable but incorrect.

But what of the behaviorists’ second major premise, that the “mind”
and “mental states”—if they exist at all—are private and unmeasurable,
and cannot be studied scientifically? This view was also challenged, most
prominently by the psychologist Edward C. Tolman (1932), who argued
that learning is not just a mindless link between stimulus and response.
Instead, animals acquire knowledge as a result of their experiences.

In 1928, Otto L. Tinklepaugh, a graduate student of Tolman’s, be-
gan a study of learning in monkeys. His subjects were several macaques
who were tested in a room in the psychology department at the Univer-
sity of California at Berkeley (sometimes the tests were held outdoors,
on the building’s roof, which the monkeys much preferred). In one of
Tinklepaugh’s most famous experiments, a monkey sat in a chair and
watched as a piece of food—either lettuce or banana—was hidden un-
der one of two cups that had been placed on the floor, six feet apart and
several feet away. The other cup remained empty. Once the food had
been placed under the cup, the monkey was removed from the room for
several minutes. Upon his return, he was released from the chair and
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allowed to choose one of the cups. All of Tinklepaugh'’s subjects chose
the cup hiding the food, though they performed the task with much
more enthusiasm when the cup concealed banana.

To illustrate the difference between behaviorist and cognitive theo-
ries of learning, pause for a moment to consider the monkey as he waits
outside the experimental room after seeing, for example, lettuce placed
under the left-hand cup. What has he learned? Most of us would be
inclined to say that he has learned that there is lettuce under the left-
hand cup. But this was not the behaviorists’ explanation. For behavior-
ists, the reward was not part of the content of learning. Instead, it served
simply to reinforce or strengthen the link between a stimulus (the sight
of the cup) and a response (looking under). The monkey, behaviorists
would say, has learned nothing about the hidden food—whether it is
lettuce or banana. His knowledge has no content. Instead, the monkey
has learned only the stimulus-response associations, “When you're in
the room, approach the cup you last looked at” and “When you see the
cup, lift it up.” Most biologists and laypeople, by contrast, would adopt
a more cognitive interpretation: the monkey has learned that the right-
hand cup is empty but there is lettuce under the left-hand cup.

To test between these explanations, Tinklepaugh first conducted tri-
als in which the monkey saw lettuce hidden and found lettuce on his
return. Here is his summary of the monkey’s behavior:

Subject rushes to proper cup and picks it up. Seizes lettuce. Rushes away with lettuce
in mouth, paying no attention to other cup or to setting. Time, 3-4 seconds.

Tinklepaugh next conducted trials in which the monkey saw banana
hidden under the cup. Now, however, Tinklepaugh replaced the banana
with lettuce while the monkey was out of the room. His observations:

Subject rushes to proper cup and picks it up. Extends hand toward lettuce. Stops.
Looks around on floor. Looks in, under, around cup. Glances at other cup. Looks back
at screen. Looks under and around self. Looks and shrieks at any observer present.
Walks away, leaving lettuce untouched on floor. Time, 10-33 seconds.

It is impossible to escape the impression that the duped monkey had
acquired knowledge, and that as he reached for the cup he had an ex-
pectation or belief about what he would find underneath. His shriek
reflected his outrage at this egregious betrayal of expectation.

Many years later, Ruth Colwill and Robert Rescorla (1985) carried out
a more controlled version of the same experiment. They began by train-
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ing rats to make two responses, pressing a lever and pulling a chain.
When the rats pressed the lever they received a small food pellet; when
they pulled the chain they received liquid sucrose. By the behaviorist
view, the rats had learned only to press the lever or pull the chain when-
ever they saw them. By the cognitive view, the rats had formed some
kind of mental representation of the relation between a particular act
and a specific type of food. To test between these hypotheses, Colwill
and Rescorla made either the food pellet or the water unpalatable by
adding lithium chloride, a substance that makes rats sick. If the rats had
learned which food type was associated with which behavioral act, then
those for whom the food pellet had been devalued would avoid the lever
but continue to pull the chain, whereas those for whom the water had
been devalued would do the opposite. This is exactly what happened.

The results of these experiments challenge the more extreme behav-
iorists’ view that mental states like knowledge, beliefs, or expectations
cannot be studied scientifically and may even be an illusion. Instead,
they support Tolman’s view that learning allows an animal to form a
mental representation of its environment. Through learning, animals
acquire information about objects, events, and the relation between
them. Their knowledge has content, and this content can be studied
scientifically.

This conclusion from the laboratory is important, because it encour-
ages us to believe that Darwin was right: we can trace the causation
of thought in different species, study its structure, and reconstruct its
evolution. But while the scientific study of mind is an exciting prospect,
a large dose of humility is in order. For all of their failings, the behav-
iorists did understand that, whereas behavior can be unambiguously
observed and measured, knowledge and the content of mental states are
abstract, hard to measure, and difficult even to define. Once you accept
the existence of mental states and ascribe causal power to them, you
have opened Pandora’s box, releasing a host of fundamental questions
that are difficult if not impossible to answer.

When we say that a song sparrow’s brain “predisposes” it to attend to
song sparrow song in a way that it attends to no other, what precisely do
we mean? When we claim that a rat has formed an association between
bar pressing and a particular type of food, what exactly is the nature of
its knowledge? Does the rat think that the bar somehow stands for that
food? Does it believe that pressing the bar causes the food to appear?
Can rats distinguish between the relations A represents B and A causes
B? When Pavlov’s dog salivated at the sound of a metronome, was this
an automatic, unthinking reflex, or did it occur because the metronome
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brought to mind an image of meat? None of these questions is easy
to answer.

Why baboons?

On first—and perhaps even further—inspection, baboons might seem
less than ideal subjects for a study of the mind. Among other failings,
they are not as closely related to humans as some other nonhuman
primates. Baboons are members of the genus Papio, Old World monkeys
that shared a common ancestor with humans roughly 30 million years
ago (Steiper et al. 2004). Baboons are more closely related to humans
than monkeys of the New World, but they are much less closely re-
lated than the African apes—especially chimpanzees (Pan troglodytes)—
which diverged from our own ancestors roughly five to seven million
years ago. Moreover, the conservation status of baboons confers neither
glamour nor prestige on those who study them. Far from being endan-
gered, baboons are one of Africa’s most successful species. They flourish
throughout the continent, occupying every ecological niche except the
Sahara and tropical rain forests. They are quick to exploit campsites and
farms and are widely regarded as aggressive, destructive, crop-raiding
hooligans. Finally, baboons are not particularly good-looking—many
other monkeys are far more photogenic. Indeed, through the ages ba-
boons have evoked as much (if not more) repulsion than admiration.

Baboons are interesting, however, from a social perspective. Their
groups number up to 100 individuals and are therefore considerably
larger than most chimpanzee communities. Each animal maintains
a complex network of social relationships with relatives and nonrela-
tives—relationships that are simultaneously cooperative and competi-
tive. Navigating through this network would seem to require sophisti-
cated social knowledge and skills. Moreover, the challenges that baboons
confront are not just social but also ecological. Food must be found and
defended, predators evaded and sometimes attacked. Studies of baboons
in the wild, therefore, allow us to examine how an individual’s behavior
affects her survival and reproduction. They also allow us to study social
cognition in the absence of human training, in the social and ecological
contexts in which it evolved.

In Darwin’s theory of evolution by natural selection, necessity is the
mother of invention. Traits arise or are maintained because they help the
individuals who possess them to solve a problem, thereby giving those
individuals an advantage over others in survival and reproduction. A
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blunt, heavy beak allows a finch to crush hard, dry seeds and survive a
withering dry season; antlers enable a stag to defeat his rivals and mate
with more females. The finch’s beak and the stag’s antlers did not arise at
random; they evolved and spread because of their adaptive value. To un-
derstand the evolution of a trait, therefore, we need to understand how
it works, and what it allows an individual to do that might otherwise
be impossible.

And brains, Darwin realized, were biological traits like any other. To
understand how they evolved, we must understand the problems they
were designed to solve. In recent years, studies of the brain, intelligence,
and evolution in animals have produced two general conclusions that
will guide our study of baboon metaphysics.

First, natural selection often creates brains that are highly special-
ized. Arctic terns (Sterna paradisaea) migrate each year from one end
of the earth to another, Cataglyphis ants navigate across the featureless
Sahara, bees dance to signal the location of food, and Clark’s nutcrack-
ers (Nucifraga columbiana, a member of the crow, or corvid, family) store
and recover tens of thousands of seeds during the fall and winter. Yet
despite these specialized skills, there is no evidence that terns, ants,
bees, or nutcrackers are generally more intelligent than other species.
Instead, they are more like nature’s idiots savants: brilliant when it
comes to solving a specific, narrowly defined problem, but pretty much
average in other domains.

Specialized intelligence may be widespread in animals because brain
tissue is costly to develop and maintain. The human brain uses energy
at a rate comparable to that used by the leg muscles of a marathon run-
ner when running (Attwell and Laughlin 2001). If brain tissue is ener-
getically expensive, the cheapest way to evolve a specialized skill may
be through a small number of especially dedicated brain cells rather
than a larger, general-purpose brain. For arctic terns, the ability to fly
from pole to pole in the spring and fall is adaptive because it allows the
birds to live in perpetual summer. As a result, selection has favored indi-
viduals with the neural tissue needed to navigate great distances using
the sun, the stars, and the earth’s magnetic field. But it has done so in
the cheapest, most energy-efficient way possible—by selecting specifi-
cally for navigational skills.

The second general conclusion to emerge from recent research is
that the domain of expertise for baboons—and indeed for all monkeys
and apes—is social life. Most baboons live in multimale, multifemale
groups that typically include eight or nine matrilineal families, a linear
dominance hierarchy of males that changes often, and a linear hierarchy



CHAPTER ONE

of females and their offspring that can be stable for generations. Daily
life in a baboon group includes small-scale alliances that may involve
only three individuals and occasional large-scale, familial battles that
involve all of the members of three or four matrilines. Males and females
can form short-term bonds that lead to reproduction, or longer-term
friendships that lead to cooperative child rearing. The result of all this
social intrigue is a kind of Jane Austen melodrama, in which each indi-
vidual must predict the behavior of others and form those relationships
that return the greatest benefit. These are the problems that the baboon
mind must solve, and this is the environment in which it has evolved.
Social problems, of course, are not the only challenges. Baboons also
need to solve ecological problems, like finding food and avoiding pred-
ators. But these problems are also overwhelmingly social. One of the
most difficult aspects of finding food arises from the fact that as many as
100 other individuals in your group also want the food for themselves.
And the best way to avoid being taken by lions, leopards, crocodiles, or
pythons is to live in a group, with all of the opportunities and compro-
mises that group life entails. Any way you look at it, most of the prob-
lems facing baboons can be expressed in two words: other baboons.

The study group and data collection

The focus of our research is a group of chacma baboons (Papio hama-
dryas ursinus) living in the Moremi Game Reserve in the Okavango Delta
of Botswana. We began our study in 1992, but before our arrival the
group had been observed more or less continuously for 14 years by W. J.
Hamilton III and his students at the University of California at Davis.
Because the baboons have endured interlopers for three decades, they
are completely habituated to humans walking among them and toler-
ate our presence with diffident aplomb, if not affection. Even the oldest
female in the group, the curmudgeonly and mean-spirited Sylvia, has
had to put up with human observers since her birth in 1982. Between
1992 and 2006, group size averaged 80 individuals, with fluctuations
depending on rates of infanticide, predation, and male immigration.
The number of adult females has varied from 18 to 28 and the number
of adult males from 3 to 12.

When following the baboons, we and our colleagues collect three
sorts of data. First, each day we note all demographic changes in the
group, including births, deaths, immigrations, emigrations, and sexual
consortships. Second, we conduct 10 minute-long “focal animal sam-



THE EVOLUTION OF MIND

ples” (Altmann 1974) on each individual following a systematic rota-
tion. These samples supply us with a continuous record of the baboons’
interactions and social partners and provide the data to document the
continuous soap opera that constitutes baboon life. We also note spe-
cific other events—like fights, alliances, interactions between groups,
and encounters with predators—on an ad libitum basis, whenever they
occur. Third, we make audio recordings of the baboons’ vocalizations,
for both acoustical analysis and “playback” experiments. We describe
these experiments in detail in Chapters 5 and 6. Finally, between 2002
and 2005 we have collected weekly fecal samples from all adult males
and females for the extraction of testosterone (from males) and gluco-
corticoids (from males and females). Glucocorticoids are a class of ste-
roid hormone associated with stress.

The beauty of a fecal sample—if that is the appropriate term—is that
it allows us to measure a biological response that cannot be observed. It
can also be collected without itself inducing stress, as would certainly
happen if we tried to extract blood. The data from fecal samples allow
us to look beneath the surface of baboon society and ask, “Who is un-
der stress? Why? And how it is alleviated?” Like humans, baboons have
families, seek mates, form friendships, and suffer fear and anxiety from
events both social and environmental. Unlike humans, though, baboons
cannot explain the causes of their anxiety to us; indeed, as we will see,
they may not even be explicitly aware of feeling anxious or depressed.
Like their behavior and vocalizations, the baboons’ hormonal profiles
allow us to ask them, indirectly, what they think and how they feel.

How this book is organized

In writing this book, we had to decide whether to include material from
our earlier book on vervet monkeys (Cercopithecus aethiops), How Monkeys
See the World (Cheney and Seyfarth 1990). We knew that we could not
operate under the conceit that our readers would remember anything
from that volume, but at the same time we wanted to avoid The Bride
of How Monkeys See the World. We also had to resolve how exhaustively
we would review the vast literature on animal cognition. In the end,
we decided that we would focus primarily on research that was directly
relevant to our work on baboons. We therefore discuss vervet monkeys
only sparingly and make no attempt to consider, for instance, whether
animals have “cognitive maps” of their environment, can represent nu-
merical quantities, or make optimal foraging decisions. This is not due
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to laziness, nor is it because we believe that baboons simply stumble
about their habitat with no inkling about where they are, where they
are going, or what they are eating. Instead, we avoid these and many
other important questions because we were unable to investigate them
directly (two good reviews of animal cognition are Shettleworth 1998
and Tomasello and Call 1997).

The link between primates’ intelligence and the complexity of their
social behavior may seem obvious, but this has not always been the
case. In Chapter 2, we take a historical perspective and examine a curi-
ous fact about our ancestors’ knowledge of their closest animal relatives.
For centuries people have known that, of all the creatures in the world,
monkeys and apes are most like us. Ironically, however, scholars reached
this conclusion without knowing anything at all about the characteris-
tics of primates that make them most human: their social life. Because
Western scientists learned about primates by examining corpses or ob-
serving single animals brought home as pets, few if any ever learned
what can be discovered only through long, patient observation: that the
most human features of monkeys and apes lie not their physical appear-
ance but in their social relationships.

In Chapter 3 we describe the ecological setting in which our work
takes place and the predators that so affect baboons’ lives. In Chapters 4
and 5 we introduce the protagonists with a discussion of social behavior
and life histories among males (Chapter 4) and females (Chapter 5), in
all of their familial complexity, friendships, alliances, stress, and Ma-
chiavellian intrigue. As part of this description we introduce, in Chap-
ter 5, the method of field “playback” experiments that we use to explore
what baboons know about the relations that exist among others. In
doing so, we present one of our central arguments—that even though
baboons lack language, their vocal communication is rich enough in
meaning to tell us a great deal about how they think. Primate vocaliza-
tions, in fact, provide the key that unlocks the primate mind.

Whereas Chapters 1 through 5 are introductory, historical, and de-
scriptive—designed to introduce readers unfamiliar with baboons to the
monkeys’ habitat, behavior, and social structure—Chapters 6 through
11 delve more deeply into the scientific questions that guide our re-
search. In Chapter 6 we describe experiments designed to test baboons’
knowledge of their social companions. The results show that baboons
are good psychologists: they recognize their companions as individu-
als, observe their behavior, and create, in their minds, a hierarchical
representation of society based on matrilineal kinship and dominance
rank. The social knowledge of baboons is too varied and complex to
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be explained by simple learning mechanisms. Instead, we propose that
natural selection has led to the evolution of a mind innately predis-
posed to search for the patterns and rules that underlie other baboons’
behavior.

In Chapter 7 we examine baboons’ knowledge of their companions
in light of the “social intelligence” hypothesis, which argues that the
demands of living in large social groups have placed strong selective
pressure on the evolution of the primate mind. The average value for
relative brain size in primates exceeds the average value for other mam-
mals, and primate brains contain many areas specialized for dealing
with social stimuli. Baboons and other monkeys recognize each other’s
ranks and kin relations, and their reproductive success and ability to
overcome stress depend on their skill in forming social relations. Simi-
lar social skills, however, are also found in nonprimate species that live
in large social groups, including dolphins, hyenas, and pinyon jays.
Furthermore, even relatively asocial species appear to monitor other
individuals’ social interactions. It therefore remains unclear whether
social intelligence in animals depends on taxonomic affiliation, group
size, or some other combination of factors.

In How Monkeys See the World, we concluded that, for all their intrigu-
ing similarities, the societies of nonhuman primates were fundamen-
tally different from our own because monkeys and apes lack a “theory of
mind”—the ability to attribute mental states like knowledge and belief
to others. In Chapter 8 we reconsider this conclusion in light of experi-
ments conducted over the past 15 years by ourselves and many others.
In Chapter 9 we consider the related question of whether baboons or
any other primates are aware of their own mental state—that is, whether
they have anything like our concept of self.

We take it for granted that human words express thoughts and that
language provides a window onto the mind. Surprisingly, however, few
people have ever applied this idea to animals. In Chapter 10 we review
what is known about the vocal communication of baboons and con-
front directly one of the questions that behaviorists—perhaps wisely—
avoided: What does one baboon’s vocalization “mean” to another? We
also consider the complex relation between language and thought, but
from a perspective not usually found among those who work exclusively
on humans: we ask what thought is like in a creature without language.
In Chapter 11 we consider what our work has to say about the evolution
of language. Finally, in Chapter 12 we return to the challenge posed by
Darwin’s famous quotation—that an understanding of baboon meta-
physics can shed light on the evolution of human mind and behavior.
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The Primate Mind
in Myth and Legend

Our descent, then, is in the origin of our evil passions!! The Devil under form of
Baboon is our grandfather! CHARLES DARWIN, 1838: NOTEBOOK M

[Ahla, the baboon] is not only eager but really a maniac when it comes to put-
ting back the lambs with the mothers. She can’t wait until the door between
the two enclosures is opened.

WALTER HOESCH, 1961: ON GOAT-HERDING BABOONS

The baboon in Egypt: god, scribe, and policeman

Baboons range widely throughout the African continent,
so it is perhaps not surprising that they appear often in
ancient Egyptian mythology and art. Beginning in at least
the fourth millennium B.C., baboons were associated with
the underworld and considered to be embodiments of the
dead, no doubt in part because they resembled humans so
closely. The word “baboon” may derive from the baboon
god Baba, or Babi, a supernaturally aggressive deity who was
revered during the Predynastic Period. Perhaps because the
ancient Egyptians could not help but notice male baboons’
sexual zeal and prominent genitalia, the baboon god en-
sured that the dead would not suffer from impotence in the
afterlife. Indeed, baboon feces were used as an ingredient
in aphrodisiacs.

By the time of the Old Kingdom, around 2400 B.C., ba-
boons had become associated with Thoth, the god of wis-
dom, science, writing, and measurement. In tomb paintings
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and sculptures, baboons instructed scribes in their tasks and weighed
the hearts of the deceased. Baboons also came to be identified with the
sun god Re, probably because the loud dawn choruses of male baboons’
wahoo calls were taken as a sign that they were worshiping the sun. In ad-
dition to associating with Thoth, baboons were believed to stand by Re
in his boat as he traveled across the sky. Even into the late Ptolemaic pe-
riods, baboons were still regarded as sufficiently sacred to be mummified
and kept in colonies at temples (Budge 1969; David 1998; Redford 2002).

But the ancient Egyptians did not just depict baboons as deities. They
also portrayed them in many other guises, not only as scribes but also
as musicians, sailors, shipwrights, fishermen, and even vintners. Most,
if not all, of these depictions were doubtless fanciful—it seems unlikely
that baboons ever tended grapes or built ships. More credibly, baboons
were depicted as captives brought from the south, as pets on leashes,
or as dancers or jesters. Some paintings show them climbing trees to
collect figs and dates for their master, and—even more plausibly—pil-
fering fruit from baskets (Wilkinson 1879; Janssen and Janssen 1989).
Hieroglyphics from tombs of the New Kingdom accompany some of
these pictures with remarks like “A monkey carries a stick (for dancing),
though its mother did not carry it,” suggesting the artist’s apprecia-
tion for the baboon’s ability to learn. Other hieroglyphics comment on
baboons’ capacity to understand words (Janssen and Janssen 1989). Ba-
boons even appear in the role of police assistants. One illustration from
the Old Kingdom mastaba of Tepemankh at Saqarra shows two baboons
on leashes—one a female carrying an infant and the other an adult
male—grabbing thieves in the market place (Fig. 1). The accompanying
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Figure 1. An Egyptian tomb painting from the Old Kingdom depicts two baboons acting as
police assistants, attacking a thief in the marketplace.
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hieroglyphic reads, “Fear for this baboon” (Smith 1946; Janssen and
Janssen 1989).

The Egyptians probably derived much of their knowledge about ba-
boons from pets, temple colonies, and stories emanating from Nubia or
other remote areas. Although most of these portrayals probably served
a religious or humorous function, they also show that the Egyptians
were not entirely ignorant of baboons’ natural social behavior: male
baboons do, for example, participate in loud wahoo contests in the early
morning. If any early Egyptian ever did take the time to observe the
baboons’ natural social interactions, however, he left no record of his
observations.

European and Japanese attitudes

No clear record exists of the first contact between a European scien-
tist and a nonhuman primate (Janson 1952). As far as we can tell from
Aristotle’s Historia Animalium and other Classical texts, the first prima-
tological subjects to be studied by western scientists were baboons and
the Barbary macaques (Macaca sylvanus) that inhabited the southern
shores of the Mediterranean (Spencer 1995). These animals came to sci-
entists either as corpses to be dissected or as single animals to be held
in cages and observed.

Classical speculation about the mind and behavior of primates was
part of a more general curiosity about all animals, and about the fun-
damental differences between animals and human beings. Aristotle be-
lieved that, when it came to emotions, the difference between animals
and humans was only a matter of degree. In both humans and animals,
tameness graded into wildness, docility into stubbornness, boldness
into cowardice or fear, and confidence into anger (Sorabji 1993). By con-
trast, in matters of intellect Aristotle drew a sharp distinction between
humans and all other creatures, including the nonhuman primates.
Unlike humans, he argued, animals were completely lacking in reason,
intellect, thought, belief, and, as a consequence, language. How, then,
did they manage to deal with the world? To make up for their lack of
intellect, Aristotle argued, animals have an elaborate, expanded, but
intellectually limited, form of perception (Sorabji 1993). Dogs (Canis
familiaris) are extremely skilled at identifying and tracking scents, but
they know only how to detect and react to an olfactory stimulus. They
have no true knowledge or beliefs about scents, nor about the causal
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relations that link a particular scent with its owner. Dogs, in Aristotle’s
view, just react; humans understand.

Scapegoat and trickster

Were monkeys and apes any different? The Greeks and Romans recog-
nized clearly that, among all animals, nonhuman primates were the
creatures most similar to human beings. But their anatomy did not
elevate their status; instead, quite the reverse occurred. Convinced, like
Aristotle, that all animals were fundamentally different from humans
on intellectual grounds, Classical scholars ignored both the anatomical
evidence and Aristotle’s argument for continuity in emotions. Instead,
they adopted a kind of “reverse Darwinism” in which the more an ani-
mal resembled a human, the more it was shunned, made into an object
of ridicule, and declared to be fundamentally different. The general
view is summarized by the dictum of the Roman poet Quintus Ennius:
“Simia quam similis turpissima bestia nobis” (“How like us is that ugly
brute, the ape”).! As the art historian H. W. Janson points out, “the ape
was turpissima bestia precisely because it was quam similis nobis. As an
unworthy pretender to human status, a grotesque caricature of man,
the ape became the prototype of the trickster, the sycophant, the hy-
pocrite, [and] the coward,” as well as the symbol of extreme physical
ugliness. Or as Plato put it, “The most beautiful of apes is ugly compared
to man and the wisest of men is an ape beside God” (Janson 1952:14-15;
McDermott 1938; Corbey 2005).

In Japan, where humans have coexisted with Japanese macaques
(Macaca fuscata) for thousands of years, monkeys played a similarly am-
biguous role in everyday life and legend. In Japanese legends monkeys
were often portrayed as foolish and vain creatures whose servitude to
their master gods eventually earned them courage, generosity, wisdom,
and loyalty. Many of these legends arrived with Buddhism from In-
dia, where the monkey god Hanuman is still revered as a loyal and in-
telligent servant to the mythical King Rama. The Japanese recognized
that monkeys were obviously the most humanlike of all animals: even
today, the monkey is the only creature referred to in the Japanese lan-
guage by the term san, the address form used for humans. As a “special”
animal, monkeys were regarded as mediators between humans and dei-
ties and were thought to have the power to maintain the health and

1. In early writings, no distinction was made between monkeys and apes.
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cure the illnesses of horses. Monkey parts were used to cure human
illnesses and bring good luck. On the other hand, the monkey’s elevated
position coexisted uneasily with its image as a false pretender to human
status, a scapegoat, a charlatan, and a harbinger of bad luck. Before the
13th century, portraits of the monkey as a semi-god predominated; in
the art of the next 600 years, however, its role as an unlucky trickster
took over (Ohnuki-Tierney 1987). For the Japanese, as for the Greeks
and Romans, the image of nonhuman primates as pretenders to human
status seems to have been crucial. The animals’ physical similarity to
humans was both their salvation and their curse.

Ironically, there was in this reverse Darwinism the germ of an evolu-
tionary theory linking humans with monkeys and apes. Because these
animals looked so much like humans, the Greeks, Romans, and Japanese
all knew that they were somehow involved in fundamental questions
about the origin of human beings. The Greeks believed that humans had
originally lived in caves, freely mingling with animals and in particular
with apes, until with the aid of the gods they gradually acquired civiliza-
tion (Boas 1948; Janson 1952). The Japanese had similar origin myths.
But the revulsion that arose in each of these cultures whenever monkeys
and apes were compared to humans apparently prevented scholars from
recognizing that their own legends might be more than just mythical
accounts.

The image of monkeys and apes as humans manqué is perhaps no-
where better expressed than in a Jewish legend about the fall of the
Tower of Babel. The story of the tower is of course well known: accord-
ing to the Old Testament, the people of the earth had at that time only
one language. Jealous of God’s power, they gathered together and re-
solved to build a tower that would allow them to ascend into heaven.
God saw them doing this, and realized that if they succeeded noth-
ing could ever again be denied to them and they would become all-
powerful. So to divide and weaken the people, God not only destroyed
their tower and scattered them throughout the earth but also con-
founded their language, making their speech mutually unintelligi-
ble so that they would never again be able to communicate with one
another.

But in Jewish legend it was not the humans who received the worst
of God’s wrath. There were also at the time “apes and monkeys” at work
on the tower, and these primates were involved in a project that out-
raged God even more than the construction of the tower itself: they
had begun to build idols that would stand atop the tower and be wor-
shipped, in place of God, by all of the creatures on Earth. God punished
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the monkeys and apes by taking away their language altogether and
banishing them into the forest (Janson 1952; Ginsberg 1968).

Emotions, impulses, and lust

Just as in 13th-century Japan the image of the monkey changed from
healer and sacred messenger to scapegoat and trickster, so in the Euro-
pean Middle Ages the image of monkeys and apes took a decided turn
for the worse. Their downfall coincided with the rise of Christianity
(Janson 1952). Western theologians now used monkeys and apes as liv-
ing examples of what man would become if he turned away from God
and gave way to his baser instincts. Monkeys and apes were no lon-
ger just devious sycophants—they now became creatures completely at
the mercy of emotions, sadistic impulses, and lust. In the most extreme
characterizations, they were depicted as the devil himself (or at least the
devil’s agents), sent from out of the land of darkness (usually Egypt) to
perform Satan’s work and lead people—particularly women—into sin.

Baboons were the object of particular revulsion and scorn, in large
part because of their supposed deviant sexual appetites. Writing about a
captive baboon in Paris in 1775, Buffon remarked that “the baboon was
insolently lascivious, and satisfied its strong desire in public. It seemed
also to make a parade of its nakedness, presenting its posteriors oftener
to the spectators than its head; but it was particularly impudent in the
presence of women, and plainly showed its immoderate desires before
them by an inexpressible lascivity.”

In 1699 the English anatomist Edward Tyson published a monograph
on the anatomy of a juvenile ape that had died shortly after its arrival
in London from Angola (Spencer 1995). The monograph was impor-
tant for two reasons. First, it was the first scientific text to draw a clear
distinction between the groups we now know as monkeys (particularly
Old World monkeys) and apes. Although Tyson identified his primary
specimen incorrectly (he called it an “orang-outang,” Pongo pygmaeus,
but coming from Angola it must have been either a chimpanzee, Pan
troglodytes, or a gorilla, Gorilla gorilla), he nonetheless recognized that
it was much more humanlike than many other “apes” (i.e., monkeys)
that had been formerly described, and he concluded that the primates
of the Old World must fall into two groups, one more closely related to
humans than the other.

Second, Tyson’s monograph spurred a new wave of popular specula-
tion about the exact differences between humans and their closest ani-
mal relatives. The speculation was born of uncertainty about what his
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creature actually was. According to Tyson’s anatomical work, the sup-
posed orangutan was clearly not human. But reading between the lines
it was equally clear that Tyson believed the difference was very slight:
he even called his specimen Homo sylvestris. What should be made of
this chimera? Doubt, wonderment, and outrage expressed themselves
in satire.

The satirical accounts came in two forms. In the most common
genre, an ape was introduced into polite society, where his social and
intellectual successes—along with his curious failures—served to show
just how far education and proper training could subdue his animal
nature and elevate him to full human status. In 1732, Alexander Pope,
John Arbuthnot, and other prominent authors published the Essay of
the Learned Martinus Scriblerus, Concerning the Origin of the Sciences, a
collaborative work of the Scriblerus Club, designed to satirize the ex-
cesses of erudition (Ashley Montagu 1941; Janson 1952). In it they locate
the beginnings of art and science in the work of monkeys and apes.
Among their most advanced culture heroes is “Orang Outang the great,
whose unhappy chance it was to fall into the hands of the Europeans
[and] whose value was not [formerly] known to us, for he was a mute
philosopher.” Like the authors of the biblical legends concerning apes
and the Tower of Babel, the members of the Scriblerus Club concluded
that Orang the Great could think, write, and reason philosophically,
but not speak. Thus it was language—or at least the ability to engage in
speech—that separated Homo sapiens from Homo sylvestris.

Nearly a century later, in 1817, Thomas Love Peacock echoed this
theme in Melincourt, the tale of a young orangutan from Africa who
distinguishes himself in English society as Sir Oran Haut-ton. Sir Oran
is regarded by his human companions as superior to most of their com-
patriots in gallantry and nobility of feeling, largely because he rescues a
maiden in distress without taking advantage of her. Most of the time he
is able to control his animal impulses, but on one occasion, after drink-
ing wine, he leaps out of a window and “goes dancing along the woods
like a harlequin.” Although he cannot speak, Sir Oran is nonetheless
elected to Parliament, where his lack of speech is an asset rather than
a hindrance because it gives him the reputation of a powerful but cau-
tious thinker (Henkin 1940).

The second genre of satirical account imagined a traveler in some
remote corner of the world who discovers an animal society and then
returns to describe what he has seen among these bizarre creatures.
Jonathan Swift’s Gulliver is, of course, the most well known of these
philosophical explorers, the forerunners of modern ethologists. When

22



THE PRIMATE MIND IN MYTH AND LEGEND

Gulliver encounters the Yahoos, he is shocked to find that they resem-
ble humans in every detail of their bodies yet they behave like animals.
They have no language, but can only bellow loudly and repeatedly. By
contrast, the Yahoos’ masters, the noble and generous Houyhnhnms,
have both the ability to reason and the gift of language even though
their bodies are those of horses. At first the Houyhnhnms assume that
Gulliver is himself a Yahoo, but once he demonstrates his good man-
ners, cleanliness, and linguistic ability they treat him more like an equal
(Swift 1726).

The satirical accounts of the 18th and 19th centuries mocked not
only the apes themselves but also the scientists and philosophers who
were so undecided about the animals’ classification. And the satirists
had a point: at a time when zoological taxonomy was undergoing a
revolution, no one knew exactly what to do about these creatures that
were so much like us and yet so obviously different. In the first edition
of his Systema Naturae (1735), Carolus Linnaeus, the father of modern
taxonomy, based his classification of mammals exclusively on anato-
mical characteristics and lumped the apes as they were then known
together with humans in the group Anthropomorpha. This provoked
an outraged response from—among many others—the French natural-
ist Georges-Louis Leclerc, comte de Buffon, who strongly objected to
Linnaeus’ exclusive reliance on anatomical features. Like his country-
man Rene Descartes, Buffon believed that the possession of reason and
language distinguished humans from all other animals, and that to ig-
nore the dualistic nature of the human condition was to ignore the no-
blest feature of our species (Spencer 1995; Corbey 2005). Twenty-three
years later, in the 1758 edition of the Systema, Linnaeus responded to
his critics by separating the various members of the genus Homo from
all other animals and basing his classification not only on anatomical
features but also on temperament, character, type of garments worn (if
any), and forms of government.

Looking back, three characteristics about peoples’ views of monkeys
and apes from Classical times to the present are striking. First, reverse
Darwinism appears in every age and every culture. Throughout time
and around the world, people have readily accepted the idea that two
animal species with similar morphology must bear some close genea-
logical relationship to one another, but they have balked and indeed
reversed this rule when the species in question are human and nonhu-
man primates. Even today, the Mende hunters of the Ivory Coast be-
lieve that chimpanzees possess near-human levels of society and culture
but argue that it is morally and physically dangerous for humans and

23



CHAPTER TWO

chimpanzees to live in the same environment because the chimpan-
zees “set low standards of behavior to which humans may be tempted
to descend” (Richards 1995). Similarly, in the United States, “micro-
evolution” is now widely, if reluctantly, accepted because of irrefutable
facts like the emergence of bacterial strains that are resistant to anti-
biotics. However, the majority of Americans continue to deny that hu-
mans and apes share a recent common ancestry.

Second, in order to defend a strict, dichotomous division between
themselves and their closest animal relatives, humans have needed to
come up with a crucial, defining criterion: something important that
we clearly have and nonhuman primates lack. For most of the past 2000
years, language has remained the preferred choice. This may seem obvi-
ous today, when debates about the humanness of apes (or the animal
nature of humans) inevitably come down to language, but it has not
always been the case. At various times in the past, the sine qua non
of humanity has been our ability to overcome our baser instincts, our
hairlessness, our upright posture, our large brain size, or our ability to
make tools. As recently as 1986, the country music singer Dolly Parton
suggested that “what separates us from the beasts is our ability to ac-
cessorize.” Language, then, has not always been viewed as the defining
feature that sets us apart from apes; it is, however, the feature that has
stood the test of time.

Finally, as we look back on earlier views of human and nonhuman
primates, we are struck not just by the attitudes themselves but even
more forcefully by the biased samples on which these attitudes were
based. For centuries, scientists and philosophers formulated their views
of monkeys and apes entirely on the basis of either dissections of dead
specimens, observations of lone, captive individuals, or (as in the case
of Richard Jobson [1623]) glimpses of an entire group seen from a dis-
tance. Their judgments, as a result, were made without any awareness
of the very traits—Ilike systems of kinship and dominance, or complex
social alliances—that today make monkeys and apes seem most like hu-
man beings.

Modern studies of monkeys and apes

The historical bias against studying nonhuman primates in natural, so-
cial settings seems all the more odd because people have always known
that monkeys and apes are fundamentally social creatures. In Japan,

hunters believed so strongly that the macaque is a group-living animal
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that they held a taboo against killing any monkey found on its own
(Ohnuki-Tierney 1987). Despite this enlightened view, Japanese opin-
ions about the minds and behavior of nonhuman primates were derived
almost exclusively from what they knew about monkeys’ performances
with humans (Asquith 1995). Although monkeys range freely on many
of Japan’s islands, Japanese artists, like those of India and Western Eu-
rope, have usually depicted them amidst humans, far from their natural
habitats and social groups (Janson 1952; Ohnuki-Tierney 1987; Asquith
1995). As a result, it was not until the 1950s that Japanese scientists—
and through them the rest of the world—learned that the society of
Japanese macaques is organized around a ranked group of matrilineal
families (Kawai 1958; Kawamura 1958).

Similarly, the Mende hunters of the Ivory Coast claim to have a so-
phisticated knowledge of chimpanzee behavior, and in fact do know a
great deal about the chimpanzees in their area, including their use of
tools to crack open nuts and plants for self-medication (Richards 1995).
But the Mende’s knowledge does not extend to the details of chimpan-
zee society. They are unaware, for example, that the core of a chimpan-
zee community is a group of long-term resident males, some of whom
may be related to one another, and unrelated immigrant females, or
that within each community individuals come and go in fluid, transient
subgroups (Goodall 1968).

In Western Europe and America, where there are no indigenous
nonhuman primates, the inclination to study monkeys and apes within
the context of human society has been even more apparent. In the early
20th century, for instance, French scientists recommended the estab-
lishment of a model village in French Guinea that would serve as a
training ground for the civilization of wild apes. Native women would
act as nurses and guides. British scientists planned a monkey college to
make chimpanzees human, and German scientists established a colony
in North Africa to study how chimpanzees solve problems (Harraway
1989). In each case, Western scientists made the effort to travel to the
apes’ native habitat in Africa, but once there put all notion of naturalis-
tic research aside. Later in the 20th century, the American psychologists
Robert Yerkes and Harry Harlow embarked on major studies of chim-
panzee and rhesus macaque behavior, but again focused their efforts
exclusively on captive individuals, typically housed alone in highly
restricted environments.

The twin beliefs that language constitutes the crucial difference be-
tween humans and nonhuman primates and that these animals are best
studied in captivity are most evident in the “ape language” projects,

25



CHAPTER TWO

which began haltingly in the 1930s, flourished through the 1960s and
'70s, and continue to this day. Like Classical and medieval scholars, the
scientists who conducted these studies have been fascinated by the idea
that language is what makes us different from all other creatures, and
they have accepted, either explicitly or implicitly, the view that lan-
guage and thought in apes cannot be studied in the apes’ own societies
but must instead be explored by bringing them into ours and teaching
them to communicate like us.

But the artificial settings of the ape-language projects have made
their results difficult to interpret. When an ape has failed to achieve
some linguistic milestone—for example, when the chimpanzee Nim
Chimpsky learned words but was unable to combine them into sen-
tences—critics have charged that the animal’s failure did not reflect his
true ability. Instead, Nim failed because he had an abnormal upbring-
ing, his training was nothing more than mind-numbing repetition, and
he was tested under circumstances that were artificial, contrived, and
entirely too rigid. Nim and other captive apes would have done bet-
ter, the critics have argued, if their experience as youngsters, like the
experience of human children, had been more conducive to learning
language (Terrace 1979; Seidenberg and Pettito 1979). Conversely, when
captive apes have apparently succeeded in acquiring a linguistic skill—
for example, when the bonobo Kanzi learned to respond correctly to
complex sentences like “Put the ball in the basket”—critics have argued
that such achievements are anecdotal, and in any case do not reflect
a genuine understanding of grammatical rules. Kanzi, the critics have
argued, may simply have recognized “put,” “ball,” and “basket” as sepa-
rate signs and put the ball in the basket because the basket could not be
put in the ball (Savage-Rumbaugh 1986; Wallman 1992). Small wonder
that the scientists involved in these studies have often felt trapped in a
game of “heads you win, tails I lose.”

There is no doubt that the best laboratory experiments achieve a
level of precision and control that field research on natural groups of
monkeys and apes cannot begin to match. Many captive studies are also
highly creative and have succeeded in documenting abilities that can
only be hinted at by field observations. We discuss some of these exper-
iments in Chapters 7 through 10. At the same time, however, laboratory
experiments can illuminate a species’ abilities only if their results can
be placed within the context of an animal’s natural social behavior. In
the absence of such grounding, they remain difficult, if not impossible,
to interpret.
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Studies of captive apes may be particularly difficult to interpret be-
cause human “enculturation” may affect the apes’ cognitive abilities
and performance on tests. To date, most of the evidence that chimpan-
zees' cognitive abilities are superior to those of monkeys comes from
chimpanzees that have had prolonged contact and/or training with hu-
mans. But there may be as many differences between the performance
of “enculturated” and “natural” chimpanzees as there are between apes
and monkeys generally. In one experiment specifically designed to test
the effect of human enculturation, Tomasello and colleagues (1993)
compared the imitative abilities of chimpanzees raised by humans (but
not language-trained), chimpanzees raised by their own mothers, and
two year-old children. Each subject was shown a number of novel ac-
tions and scored according to whether the subject imitated the action
of the demonstrator. Mother-reared chimpanzees did not, whereas
human-reared chimpanzees and children did. In another experiment
(Carpenter et al. 1995), investigators examined the use of joint attention
by chimpanzees and children when learning to imitate a task involving
novel objects. Again, children and enculturated chimpanzees looked
back and forth from the object to the demonstrator and used gestures
to direct the demonstrator’s attention, whereas mother-raised chimpan-
zees did not.

Does exposure to humans somehow enhance chimpanzees’ cogni-
tive capacities? Human trainers actively engage their chimpanzee sub-
jects’ attention when interacting with them or instructing them in the
use of signs. As a result, these apes may come to view humans as inten-
tional agents who have goals and motives (Tomasello and Call 1997).
Alternatively, through exposure to humans chimpanzees may become
familiar with human artifacts and training regimes, which in turn
facilitates learning. Whatever the explanation, evidence that exposure
to humans affects chimpanzees’ cognition complicates any compari-
sons between the apes’ performance in captivity and their behavior in
the wild.

Baboons in southern Africa
Farmers in southern Africa will tell you that they hate baboons. Ba-
boons raid their orchards, decimate their cornfields, destroy their ir-

rigation pipes, pollute their water tanks, and Kill their sheep and goats.
In response, the farmers shoot baboons whenever they get the chance.
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But the farmer-baboon relationship is not as simple as it seems. Long
before any Western scientist had begun to study monkeys in the wild,
southern African farmers had gained a grudging appreciation not just
of baboons’ intelligence but also of their society.

The farmers’ knowledge may have arisen from the peculiar ecology
of their farms. In much of southern Africa, baboons sleep at night and
rest during the day on steep, rocky cliffs, where they are safe from leop-
ards and can find comfortable, baboon-sized sitting-places to groom
and play in the shade. The farms lie in the valleys below. The result is
a pastoral landscape in which farmers toil in the fields while groups of
baboons sit like vultures on the cliffs, grooming, playing, watching,
and waiting for just the right moment to raid a cornfield or steal a baby
goat. And if a farmer looks up, he sees—albeit at a distance—what few
European or American scientists ever observed: an entire baboon group,
going about its daily activities. He sees infants and juveniles gathered
around their mothers, females grooming one another, and males giv-
ing loud alarm barks if a human begins to approach. Observing these
behaviors, a curious farmer might be prompted to ask, “Do they have
families? Do males protect their offspring?”

Eugene Marais (1872-1936) was raised on a farm near Pretoria, South
Africa, “as completely cut off from the rest of the civilized world as the
loneliest isle in the Pacific” (cited in Ardrey 1969). But despite its remote
location, the farm undoubtedly contained baboons. After receiving his
education, Marais began work as a journalist, eventually becoming the
editor of a small, rural, Afrikaner paper. He wrote well in both English
and Afrikaans, but confined his writing to the latter language for patri-
otic reasons. A few years later, when his wife died in childbirth, Marais
went to London, where he was admitted to the bar. When the Boer War
began, he returned to South Africa to support his people in their fight
against the English.

The Afrikaners’ defeat plunged Marais into deep depression, and
sometime around 1903 or 1904 he retreated to a small farm in the Wa-
terburg district to recover. Farmers had abandoned this area during the
watr, leaving baboons free to forage wherever they wished. Even though
the farmers were now beginning to return, they had no guns to drive
the simian raiders away. The baboons were bold, unafraid of humans,
and Marais was able to watch them at close range. In a letter written in
1935 he stated:

In other countries you are lucky if you catch a glimpse of the same troop twice in
a day. | lived among a troop of wild baboons for three years; | followed them on
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their daily excursions; slept among them; fed them night and morning on mealies;
learned to know each one individually; ... . | have an entirely new explanation of
the so-called subconscious mind and the reason for its survival in man. | think | can
prove that Freud’s entire conception is based on a fabric of fallacy. No man can ever
attain to anywhere near a true conception of the subconscious in man who does not
know the primates under natural conditions. (cited in Ardrey 1969:20)

Today, Marais’ books on baboons, The Soul of the Ape (1922) and a
series of articles published as My Friends the Baboons (1939), seem ram-
bling, idiosyncratic, and anthropomorphic in the extreme. But Marais
was a scientific pioneer because he realized that the essence of baboon
life was their society. His insights resulted from a lucky confluence of
events: his background in rural South Africa, where he encountered
baboons in groups; his luck in the Waterburg, where he could observe
them at close range; and his need to escape the world and recover from
deep depression. This last bit of fortune—if you can call it that—gave
him the time to study animals in depth, the motivation to recognize
them as individuals, and a deep, thoughtful curiosity about the subcon-
scious and the relation between individuals and society.

Oxcart drivers, signalmen, and shepherds

One consequence of the war between farmers and baboons was that, in-
evitably, some infant baboons were orphaned. And for perhaps the first
time since the ancient civilizations of Egypt, some of these orphans
were adopted by local people and put to work, in a few celebrated cases
as oxcart drivers, railway laborers, and goatherds on farms. Particularly
in their role as “herdsmen,” these baboons displayed the kind of sophis-
ticated social knowledge that we know today is the hallmark of baboon
metaphysics. In all of their assigned roles, baboons served their masters
through their intelligence. The story of Jack the Signalman provides
one such example.

During the latter part of the 1800s, the Cape Government Railways
opened the first line from Cape Town to Port Elizabeth. In the inland
town of Uitenhage, a railway guard named James Wide earned the nick-
name “Jumper” because of his skill in leaping from one moving train to
another. Alas, the inevitable happened; one day Jumper fell. The train
ran over him and both legs had to be amputated at the knees. In a des-
perate attempt to keep his job, Jumper made himself a pair of pegged
legs by strapping pieces of wood to his lower body. He also built a hand
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trolley that made him more mobile. The company agreed to hire Jumper
as a signalman, but his work remained a struggle.

One Saturday morning in the Uitenhage marketplace, Jumper no-
ticed an ox wagon being driven into town by a young baboon, who
acted as “voorloper” (oxen leader). Convinced that such an intelligent
creature might be useful to him, Jumper persuaded the owner to give
up his favorite pet. The baboon was called Jack. In parting, the owner
warned Jumper that every evening Jack should be given “a tot of good
Cape brandy”; otherwise he would spend the next day sulking and re-
fuse to work.

Jack soon learned to drive Jumper to work each morning. He pushed
the trolley on the uphill grades, then leapt aboard in great excitement
to get a free ride as the trolley glided downhill. Next, Jack learned to
perform Jumper’s job as signalman by waiting patiently with Jumper
in the signalman’s hut and listening for the number of blasts from the
approaching locomotive drivers. Each track was assigned a different
number. If the driver gave one, two, or three blasts, Jack switched the
signals in the appropriate manner, altering the direction of travel so
that oncoming trains would not collide. If the driver gave four blasts,
Jack collected the key to the coal shed and carried it out to the driver.
His performance was so unerringly correct that he earned the name
“Jack the Signalman” (Fig. 2).

Figure 2. Jack the Signalman with his coworker, Jumper Wide. Photo courtesy of Paul Screeton.

30



THE PRIMATE MIND IN MYTH AND LEGEND

On one occasion, a prominent lady traveling from Cape Town to Port
Elizabeth saw to her horror that the signals in the train yard were be-
ing changed by a baboon. When executives in Cape Town received her
indignant report, their first reaction was disbelief. When she insisted
that her account was true, they sent a delegation of inspectors to Uiten-
hage. Jumper and Jack were dismissed from duty. But once again Jumper
persuaded the inspectors that he (and Jack) could do the job. He chal-
lenged the inspectors to give Jack a rigorous test of his skills, and Jack
passed with flying colors. He even looked in both directions each time a
signal was changed, apparently checking to make sure that trains pass-
ing in the yard would be on different tracks. From that day on, Jack the
Signalman received daily rations and was given an official employment
number. After a long and successful career, he died of tuberculosis in
1890 (du Plessis, n.d.).

Accounts of Jack the Signalman and other working baboons spread
widely and helped to convince 19th-century South African farmers
that baboons were intelligent creatures. But stories like Jack’s revealed
little about baboons’ social skills. Other anecdotes were more illumi-
nating.

Traveling through what is now Namibia in 1836, the British explorer
James Alexander (1838) reported that the Namaqua people sometimes
kept baboons as goatherds. These baboons reliably followed the herd of
goats during the day, keeping the animals together and giving alarm
calls if a predator was spotted. At dusk, they guided the flock back to the
compound, sometimes riding on the back of the largest goat.

The Namaquas’ domestication of baboons as goatherds was appar-
ently passed on to the local European farmers, because it persisted until
very recently. In 1961, the German naturalist Walter Hoesch described
the behavior of an adult female, Ahla, who served as a faithful tender
of livestock on a Namibian farm for over seven years (Hoesch 1961). She
was the third baboon that the owners had employed as a goatherd. As
part of her work, Ahla groomed the goats and led them back and forth
to the fields every day, again often riding on one of the larger goats
(Fig. 3). Like the baboons who served as shepherds for the Namaqua,
Ahla gave alarm calls when predators were spotted. She also recognized
immediately when a goat or kid was missing from the herd and searched
anxiously for it, giving what Hoesch describes as “ho ho” calls until she
found the missing animal.

Most intriguing for our purposes was Ahla’s ability to recognize the
kinship relations that existed among individual goats. In the evenings,
the kids were often separated from their mothers in a different barn.
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When this happened, Ahla became “not only eager but really a ma-
niac” in her efforts to reunite kids with their mothers (Fig. 4). Hoesch
reported:

When Ahla comes home in the evening after feeding, she will first go to the enclo-
sure and from there through a door to the lambs’ enclosure. From here, she can
only hear the adult animals but not see them. Once she hears from inside the voice
of a lamb that is calling for its mother, she will retrieve the correct lamb and jump
through the opening between the two enclosures and put it underneath the mother
so it can drink. She does this flawlessly even when several other mothers are calling
and several lambs are responding at the same time. It seems impossible that she
does this solely on the smell of the animals. She also retrieves lambs and brings them
back even before mother and infant have begun calling. Apparently, she knows
every animal in the herd but it seems unclear how she effectively recognizes them.
Mrs. Aston [the farm’s owner] noted that “No local personnel and also no white
person would be able to assign correctly the 20 or more identically looking lambs to
the mothers. However Ahla is never wrong.” (Hoesch 1961:299)

Ahla’s determination to ensure that each kid remained with its
mother sometimes interfered with her work as the farmer’s assistant.
When a ewe gave birth to twins, the farmer often tried to foster one of
the kids onto a ewe that had lost her own offspring. Ahla would have
none of this. She knew which kid belonged with which mother, and at
every opportunity she doggedly returned the fostered twin to its real
parent. Hoesch noted that Ahla was never trained to recognize the kin-
ship relations between mother goats and their kids: “she does things
that she has never observed and that she has never been told.” Occa-
sionally, though, “she was punished with a belt when for instance she
took a lamb up into the top of the trees where she slept.”

Intrigued by Ahla’s tale—but at the risk of losing what remained of
our scientific dignity—we traveled to Namibia in 2006 in search of a
goat-herding baboon. Unfortunately, the practice appears to have fallen
away, although through our colleague Conrad Brain we did speak with
several people who had owned, or knew someone who had owned, a
herding baboon. One farmer, Walter Utz, reported that he had em-
ployed a female baboon, Bobejaan (the Afrikaans word for baboon), as
a goatherd well into the 1980s at his farm near Otjiwarango. Bobejaan
led the goats to and from their pastures each day, watched for preda-
tors, groomed the goats, and kept them free of ticks. She also groomed
Mr. Utz's two Simmentaler bulls, which would wait every evening by
the gate for Bobejaan to return from the fields with the goats. Mr. Utz
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remarked that Bobejaan could also recognize each goat’s offspring by
both voice and sight, and that she had learned to do so without any
training. Bobejaan became so effective at guarding her herd that she
was eventually trapped and killed by local rustlers who wanted to steal
the goats. Mr. Utz concluded the conversation by stating that he would
certainly employ another baboon if he ever again decided to keep goats.

As we will discuss later in this book, baboons and other monkeys
may be unique among animals in recognizing the close bonds that exist
among other members of their group. The accounts of goat-herding ba-
boons, though anecdotal, suggest that this ability also allows baboons
to recognize the relationships that exist among members of another
species. They suggest, too, that the first people to recognize baboons’
unusual social skills were not European or American scientists in the
late 20th century, but the Namaqua people who kept baboons as goat-
herds many hundreds of years ago.
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Habitat, Infanticide,
and Predation

It was not long before we came to realize that the life of the baboon is in fact
one continual nightmare of anxiety.
EUGENE MARAIS, 1939: MY FRIENDS THE BABOONS

The baboons’ habitat

The Okavango Delta in northwestern Botswana has been
justifiably described as one of the most spectacular envi-
ronments in the world. It is also unusual among African
habitats for its striking changes from one season to another.
Between October and May—summer in the southern hemi-
sphere—the delta is a classic African savannah-woodland.
Vast open plains covered with golden, knee-high grass are
broken by patches of woodland that range in size from a
few hundred square meters to fifty hectares or more. Seen
from the air, the patches of woods look like lush green is-
lands surrounded by a golden sea. The savannah and the
woodlands not only look different, they have a very dif-
ferent feel. As you walk across the savannah at midday,
the heat of the sun is intense. Temperatures regularly rise
above 40° Celsius (104° Fahrenheit). The grass shimmers
in the heat, and without a hat your head soon begins to
swim. But once you enter a patch of forest you come un-
der the shade of enormous trees, some of them 25 meters
(80 feet) high. The harsh light dims and the temperature
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drops. Even on the hottest day, walking in the woodlands of the delta is
relatively pleasant.

October through March is also the rainy season in Botswana, but
this does not necessarily mean there will be rain. The delta’s annual
rainfall is around 400 millimeters (16 inches), much of it coming dur-
ing a few intense storms in December, January, or February. The varia-
tion in rainfall from one year to the next, however, is huge. In many
years, the rains are miserly and desultory, prompting local residents to
shake their heads and mutter about the worst rainy season in decades.
In other years, the rain is relentless. The grass grows furiously, and both
the baboons and other animals disappear in a towering mass of green.
This can prove awkward when the grass conceals a buffalo, lion, or dis-
gruntled baboon.

While the delta bakes in the summer heat, rain in Angola swells the
Cuito and Cubango Rivers, which join together, flowing southeast, to
form the Okavango. As its waters rise, the Okavango flows first through
a small corner of Namibia and then into Botswana, arriving at the bor-
der post of Mohembo sometime in December or January. Roughly 80
kilometers (50 miles) southeast of the border, the Okavango breaks into
several tributaries, each of which breaks into several more. The flood
waters then begin their leisurely journey through the swamplands,
traveling more than 450 kilometers (280 miles) during the next seven
months before reaching the town of Maun some time in the midwinter
months of June and July. The water spreads and expands to create a
large, triangular delta that extends for hundreds of square kilometers.
Streams fill their beds and spill over their banks, flooding the savannah.
Grasslands are immersed in water that ranges anywhere from several
centimeters to two or three meters deep. Patches of woodland are now
no longer metaphorically but literally islands, completely surrounded
by water. Roads become impassable, camps are isolated, and the only
means of travel is by plane, boat, dugout canoes (mekoros), or wading
through the shallower crossings (Mendelsohn and el Obeid 2004).

Charles John Andersson, one of the first Western explorers to visit
the delta in 1856, marveled at both its beauty and the apparent miracle
that such a volume of water could be concealed in the otherwise hos-
tile Kalahari Desert. “On every side, as far as the eye could reach, lay
stretched a fresh sea of water, in many places concealed from sight by a
covering of reeds and rushes of every shade and hue, while numerous is-
lands, spread over its surface, and adorned with rich vegetation, gave to
the whole an indescribably beautiful appearance” (Andersson 1856:474)
(Fig. 5). Local people had told Andersson’s contemporary, David Living-
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Figure 5. Camp Island at the height of the annual flood. Photograph by Anne Engh.

stone, of “a country full of rivers—so many that no one can tell their
numbers—and full of large trees” (Livingstone 1858:75), but Andersson
and Livingstone found this difficult to believe.

Like the summer rains, the size of the flood is highly variable. In
good years, the flooding can cover over 16,000 square kilometers (6,000
square miles); in poor years the swamps shrink to less than half this size.
Since the early 1990s, most floods have been significantly smaller than
in the previous 50 years, probably due in part to increasing diversion of
water from the Okavango River in Angola and Namibia. Proposed pipe-
lines and dams in these countries pose a serious threat to the Okavango
Delta, but that worrying prospect is a subject for another time.

The magnitude of the flood is so important to local people—for
their livestock, their drinking supply, their subsistence farms, and the
wildlife on which their incomes depend—that the flood is watched,
measured, and reported with the kind of obsessive attention usually
reserved for the last few weeks of pregnancy or the World Cup stand-
ings. As the floodwaters enter Botswana, government officials measure
the Okavango’s flow in cubic millimeters per second, enter the results
on a graph that compares the flow, week by week, with legendary floods
of previous years, and distribute the graph throughout northwestern
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Botswana, where it is posted in bars, restaurants, and shops. No one
talks about anything else. In a good year, the flood arrives at our re-
search site in April or May and does not recede until October or Novem-
ber, when, with luck, the rains begin again. A bad flood compounded by
poor rains, on the other hand, means dry wells, dying livestock, and the
grim heat and dust of October, known locally as “the suicide month.”

The Okavango and its annual flood form the backdrop for our study
of baboon society, just as the ecology of early 19th-century England
formed the backdrop for Jane Austen’s studies of life in the English
counties. And just as the comforts of the landed gentry separated Aus-
ten’s characters from the harsh poverty found elsewhere in England, so
the richness of the delta and the timing of its annual flood buffer our
subjects from the harsh seasonality that confronts baboons elsewhere
on the continent. During the summer, trees in the Okavango provide
an extraordinary bounty. Among other trees, two species of figs (Ficus
spp.), three species of acacia (Acacia spp.), the real fan palm (Hyphaene
ventricosa), African mangosteens (Garcinia livingstonei), and marula trees
(Sclerocarya birrea) occur throughout the baboons’ range. The figs are
particularly important because they repeat their fruiting cycle through-
out the year, providing one lush harvest after another. On a typical
summer’s day, it is not unusual for the baboons to feed all morning
around a single huge sycamore fig (F. sycamorus), and then spend the
afternoon lounging about, dozing, grooming, and playing. When sum-
mer’s richness comes to an end the flood arrives, bringing unlimited
water, new grass, the ripening fruit of the sausage tree (Kigelia africana),
and the extraordinary bounty of jackalberry trees (Diospyros mespilifor-
mis), huge members of the ebony family that conveniently bear their
fruit in the middle of the winter. Eighty baboons can feed in a large
jackalberry for three or four days without completely depleting it. As a
result of its ecological richness, the Okavango Delta boasts the highest
reported density of baboons in all of Africa (Hamilton et al. 1976).

The Okavango Delta is one of world’s most spectacular places, but
conducting research there is not without its perils or inconveniences.
Our site is remote, and in an average flood year we can drive to Maun,
the nearest town, during only a few months. When we first arrived in
July 1992, we looked forward to driving to Maun after the floodwaters
had receded, because we imagined the trip to be an extended game
drive with countless possibilities for observing rare species of birds and
mammals. The first journey disabused us of our naiveté. The drive to
Maun is instead a disagreeable ordeal with endless possibilities for be-
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coming lost, getting stuck, overheating the engine, puncturing tires,
and being chased by elephants. On a good day, the 90-kilometer jour-
ney takes between four and five hours. The “road” is in fact a deeply
rutted track through glutinous sand and mud, and it is not unusual to
have to dig the car out of deep pits several times during a trip. Because
there are no mountains or hills in the Okavango, and because tracks
often circle back on themselves to avoid fallen trees or sand pits, it is
easy to become disoriented without a GPS (global positioning system)
monitor.

When the flood arrives, a vehicle becomes little more than a large
lawn ornament, stranded on an island. Although it is undeniably ro-
mantic to live in a remote campsite completely surrounded by water,
supplies can be a logistical nightmare (colleagues who work in far more
remote areas than ours will rightly scoff at these complaints). Now the
only access from Maun is by boat or plane to a nearby lodge, roughly
half an hour downstream. Supplies are ferried from the lodge to camp
in a small 25-horsepower aluminum boat, optimistically guaranteed by
the manufacturer against attack by crocodiles but not by hippos. The
trip is literally exhilarating, because there is always a good chance of a
hippopotamus encounter.

It is no accident that, in their accounts of the Okavango Delta, David
Livingstone and Charles Andersson devoted more pages to narrow es-
capes with hippos than with any other animal. Hippos appear to have
only one emotional state—anger—and no faculty of reason. Each year,
they kill more people in Africa than any other mammal. Our research
assistants’ mekoro has been charged, overturned, or bitten by a hippo
on numerous occasions. Everyone in the Okavango has experienced
several harrowing, narrow escapes from hippos, and in the process de-
veloped a profound and enduring hippo phobia. There is little to rec-
ommend the hippo.

In part because of the flood, we conduct all of our research on foot,
wading with the baboons from island to island. Following baboons on
foot for hours at a time can be unremittingly tedious, but the tedium is
occasionally punctuated by moments of intense fear. As a result, any-
one who has ever worked at the research site can, without the smallest
provocation, transmogrify seamlessly into a swashbuckling pedant, re-
counting numerous, harrowing tales of buffalo they have escaped, el-
ephants they have evaded, lions they have stumbled upon, snakes they
have avoided, and so on. The weary listener cannot even shift the topic
of conversation by asking about camp life, because the eager raconteur
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will seize this opportunity to describe how he or she almost walked
into an elephant when leaving the shower, or was stalked by lions when
going to her tent at night. These encounters not only enliven cocktail
party conversation (at least for the narrator) but also serve as sobering
reminders that the challenges facing the baboons are real—not artifacts
of human training or captivity—and that the solutions they come up
with are the result of strong selective pressure.

Infanticide

From the time it was discovered by Western explorers, the Okavango
Delta has been likened to the Garden of Eden. From the cool comfort
of a wooded island, Andersson described a wealth of trees never before
encountered, “many yielding an abundance of palatable and nourish-
ing fruit. ... The arboreal scenery, indeed, in some places exceeded in
beauty any thing that I had ever seen.” And the “animal life was almost
on a par with the exuberant vegetation. Rhinoceroses, hippopotami,
buffaloes, sassabys, hartebeests, pallahs, reed-bucks, leches, &c. were
constantly seen, and every day some game animal or other was shot”
(Andersson 1856:460-461).

Andersson’s allusion to Eden is certainly apt, but for the baboons
the garden is not without its serpents. Some are of their own making.
Because the Okavango Delta contains one of the highest densities of
baboons in Africa, each group’s range covers an area of only 3-4 square
kilometers, considerably smaller than that found among baboons else-
where (Hamilton et al. 1976). The high density of baboons seems to
create intense competition among males for access to mates. This, in
turn, leads to high rates of turnover in the male dominance hierarchy:
an alpha male can expect to retain his status for only seven or eight
months. Perhaps as a result, and as we discuss in Chapter 4, newly risen
alpha males go to great lengths to maximize their reproductive suc-
cess during the brief time when they hold the alpha position, even if
it means killing infants fathered by the male they have just defeated.
Between 1992 and 2006, confirmed or suspected infanticide caused the
majority of infant mortality, accounting for at least 53% of all infant
deaths (see also Cheney et al. 2004). By comparison, male infanticide
occurs relatively infrequently among baboons in East Africa, where
male reproductive skew is less extreme and both baboon densities and
turnover rates among males are lower (Alberts et al. 2003; Palombit
et al. 2000).
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Predation

Other serpents in the garden are beyond the baboons’ control. Herds of
ungulates attract predators, and the abundance of fish supports one of
Africa’s largest populations of crocodiles (Crocodilus niloticus). Predation
accounts for the vast majority of deaths among male, female, and juve-
nile baboons. Between 1992 and 2005, lions (Panthera leo) and leopards
(Panthera pardus) were known to kill 19 baboons in our group. In 16 other
cases, predation was highly suspected, either because we saw the tracks
of leopards or lions near the site of a baboon'’s disappearance, heard
alarm calls, or found fur, bones, or blood (Cheney et al. 2004). Many
more adults and juveniles simply disappeared, having been seen, appar-
ently healthy, the day before. We suspect that adults and juveniles who
forage on the periphery of the group or lag behind during water cross-
ings are often picked off by leopards, lions, or spotted hyenas (Crocuta
crocuta). We estimate that predation has accounted for roughly 95% of
all adult female deaths. In 2002, 25% of the group’s 28 adult females dis-
appeared. Eighteen months later, between September 2003 and August
2004, another 26% of the adult females died of confirmed or suspected
predation. Bulger and Hamilton (1987) report a similarly high propor-
tion of deaths among adult females due to predation in 1984 (Fig. 6).
Predation is especially common during the flood, when baboons,
buffalo (Syncerus caffer), giratfe (Giraffa camelopardalis), zebra (Equus

Figure 6. Lions are one of the baboons’ primary predators. Photograph by Chris Harvey.
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burchelli), kudu (Tragelaphus strepsiceros), and other ungulates are forced
to make long water crossings from one island to another. Because they
are vulnerable to crocodiles, lions, and other predators during these
crossings, the animals quickly learn the shortest and shallowest routes,
moving from island to island by predictable paths. Inevitably, lions and
other predators also learn where to conceal themselves and wait. We
have seen lions kill baboons during water crossings on several occasions.

Water crossings, as a result, are fraught with anxiety. Long before
they enter the water, the baboons sit at the island’s edge, nervously
grunting and looking out toward the island they hope to reach. Any
movement on the water’s surface elicits a chorus of alarm calls and brief
flight. Once they seem satisfied that the coast is clear, adults begin to
cross. Reluctantly, the juveniles follow, some grunting nervously, oth-
ers moaning or screaming, and others running to leap on their moth-
ers’ backs, anxious to get a ride (Fig. 7). Many of the baboons adopt
their own idiosyncratic way of crossing, seemingly desperate to keep
particular parts of their bodies as dry as possible. Some walk, trot, or
jump on their hind legs, holding both arms high in the air, while oth-
ers seem particularly concerned about their left hand, or the tip of their
tail (Fig. 8). If the water is deep, juveniles and even adults may be forced
to swim. The whole spectacle is chaotic and amusing to the human

Figure 7. Balo carries her young daughter Domino through a water crossing. Photograph by
Keena Seyfarth.
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Figure 8. Baboons adopt a variety of idiosyncratic water-crossing styles. Lissa has perfected the
bipedal hop. Photograph by Dawn Kitchen.

observer but deeply distressing for the baboons, who are out of their ele-
ment and vulnerable to any predator that lurks in the water or along the
too-well-traveled path. The baboons’ anxiety is probably heightened by
the knowledge that lion ambushes are unpredictable, uncontrollable,
and likely to result in the simultaneous deaths of many individuals.
On September 9, 2003, just before noon, our colleague Anne Engh
was following the baboons as they foraged at the edge of two wooded
islands not far from camp. The group was widely dispersed. Most of the
males and females had crossed the drying floodplain and begun digging
for lily roots in the shallow water near the river. Many of the juveniles
remained in the woods, feeding and playing among the trees. Anne was
looking for Jeanette, an old adult female who was the next animal on
her list to be sampled. She was a bit concerned because she had not seen
Jeanette all day. As she headed out onto the plain, Anne heard alarm
calls from the males near the river and saw them running in all direc-
tions. This was a bit worrying, but baboons are always nervous near
the river and they had been giving sporadic alarm calls all morning, so
Anne continued to look for Jeanette. But as she walked away from the
woods and further out onto the plain she became increasingly puzzled:
no sign of Jeanette anywhere, and in fact no sign of any baboons at
all. She was utterly alone. Then she froze in her tracks. A few meters
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away was a lioness, crouched in the grass and staring right at her. Two
thoughts pounded in Anne’s head: first, never run from a lion. A lion is
like a big kitten, and if you run you will be its ball of yarn. Second, look
out for more trouble. Female lions are part of a kin-based pride and lions
hunt in groups. Slowly and deliberately, Anne walked back toward the
woods and the safety of climbable trees.

By the time she reached the woods all hell had broken loose. The
males near the river, females on the floodplain, and youngsters in the
woods had scattered and were now widely separated into two groups,
each on its own island. Everyone was high in a tree, and the air was
filled with loud alarm calls. And while the trees were filled with ba-
boons, the only animals Anne saw on the ground were lions—in the
woods, on the floodplain, everywhere.

The mass attack that day involved six lions. Seven baboons were
killed: adult females Jeanette, Heloise, Bennet, and Capricorn, and juve-
nile males Neptune, Molomo, and Lefsa. Jeanette’s death left as orphans
her adult daughter, two juvenile sons, and a 10-month-old infant. Helo-
ise’s death left her 18-month-old son.

After the attack, the group remained separated for two days. On the
second day, animals in one subgroup began giving contact barks, the
loud call that baboons give when they become separated from their com-
panions (we discuss this intriguing vocalization in Chapters 8 and 9).
Animals in the other subgroup heard them and moved cautiously to re-
join. Each group approached the other along the edge of their island,
moving from tree to tree, never venturing onto the ground. Every hun-
dred meters or so they stopped to stare vigilantly around them, ner-
vously giving alarm calls. The reunion took place several hours later.

Five months later, on February 16, 2004, it happened again. This
time Anne and her assistants, Rebekah Hoffmeier and Alec Mokopi, had
lagged behind the group to take a GPS reading. Suddenly, about 50 me-
ters ahead, the baboons began screaming, alarm-calling, and running
in every direction. Swirling around them were three lionesses, one with
a baboon in her mouth (Fig. 9). As Anne wrote in her blog, “With heavy
hearts, we watched the lioness disappear into the bushes with one of
our troop members. It was getting late, and we knew that our chances
of finding all of the remaining baboons were slim that afternoon, but
we really wanted to know who had been killed, so we started to make
a list of who was left. Just as we began, we heard horrible rumblings
and bone-crunching coming from the bushes behind us. Out popped
a pair of lionesses wrestling and growling over the carcass of a big
baboon.”
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Figure 9. Successful predator attacks are especially stressful to the victims’ close relatives. Pho-
tograph by Chris Harvey.

The attack of February 16 involved three or four lions and killed two
adult baboons, Cyrano, a male, and Sierra, a female. Sierra was dear to
our hearts: a daughter of Sylvia, niece of Selo, and a central member of
the highest-ranking matriline. Her death left as an orphan 18-month-
old Margaret, who survived and retained her high rank, supported in
grooming and alliances by her grandmother, aunts, and cousins.

Baboons can defend themselves against lions only by being vigilant,
giving alarm calls, and fleeing into the trees. If they are lucky enough to
see lions before they attack, or if they come upon lions that are not hunt-
ing, the baboons’ immediate response is to climb trees and give alarm
calls. Then, more subtly, over the next hour or two, they change their
direction of travel by approximately 180 degrees (Kitchen et al. 2004).
We behave the same way. Lions usually move off at our approach, but
on more than one occasion we have found ourselves up a tree, sitting
on a limb alongside a row of several baboons, all of us looking down at
the lions below.

Because they sleep in trees, baboons are generally safe from lions
at night. Relations with leopards are more complex. At night, leopards
have the advantage. They attack baboons by climbing into their sleeping
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trees, sometimes returning several times on the same night to take yet
another baboon (Busse 1982). It is often possible to reconstruct a leop-
ard kill on the morning after. On several occasions when the baboons
have slept near our camp, we have heard screaming and alarm-calling
during the night. The next morning, we have not only discovered that
a baboon is missing but also found leopard tracks, drag marks, baboon
fur, and even, sometimes, the carcass itself.

Leopards also hunt baboons by hiding in bushes near their sleeping
trees and pouncing on the first animal to descend at dawn. One morn-
ing, for example, we heard a chorus of alarm calls emanating from a
sleeping site near camp. Racing out to the sleeping site, we found a huge
male leopard on a termite mound, surrounded by an angry circle of
lunging, screaming, and alarm-calling baboons. After several minutes,
the leopard spied a break in the baboon circle and raced to his escape.
We searched the bushes and found the body of Nanook, an adult fe-
male. The leopard had cached Nanook’s carcass, expecting to return to
it after the baboons had left the area. Nanook left an infant son who
died soon afterwards, despite the ministrations of Nanook’s adult male
friend, Wanda.

The baboons’ assault on Nanook’s killer demonstrates how, during
daylight, the balance of power between leopards and baboons can shift
in the baboons’ favor. As they forage through the woods and savannah,
baboons cut a wide swathe and make a fair amount of noise. A leopard
resting in a shady bush or tree probably hears them coming and hides or
runs away long before they arrive. But if the baboons are able to isolate
a leopard in a bush, tree, or aardvark hole, they immediately surround
it, screaming, alarm-calling, and lunging at it, seemingly without fear.
Although male baboons, with their size and enormous canines, are
much better equipped than females to fight a leopard, the mass mob-
bing involves baboons of every age and sex. Juveniles, adult females,
even mothers with young infants join to form a huge, hostile mob that
tries to corner the leopard. The attack continues even after some ba-
boons have received slashes on their arms, legs, and face that open up
huge wounds. One old, low-ranking female, Martha, had a particular
antipathy toward leopards. She was always in the vanguard of mobbing
attacks. Over the years, she recovered from several leopard-inflicted in-
juries before finally being killed at the age of 20. During one attack, the
leopard was guarding two tiny cubs in the hollow of a sausage fruit tree.
For over half an hour, the baboons lunged at the hollow as the leopard
swiped back. Although we quietly sided with the baboons during most
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predator encounters, we loathed the prospect of seeing the cubs ripped
to shreds and were relieved when the baboons finally moved away. Mazr-
tha was the last to leave.

These mob attacks are not just displays of bravado. We have seen ba-
boons injure several leopards, and they are known to have Kkilled leop-
ards in other areas of Africa (Cowlishaw 1994). Rangers in the Kruger
National Park of South Africa describe finding a dead leopard, covered
with bites, lying in the grass next to two dead baboons. Not surpris-
ingly, when baboons begin mobbing, the leopard tries to break free by
finding a gap in the circle of baboons. During one such escape, this gap
was made up of our colleagues Dawn Kitchen, Jim Nicolson, and Press
Kehaletse. As the leopard raced by, it knocked Press over and began to
scratch and bite him. Within seconds, a horde of more than 20 baboons
leapt onto the leopard and drove it away. Several females were involved
in this counterattack, including one carrying a young infant. Luckily,
Press escaped with only superficial wounds.

In contrast to lions and leopards, hyenas and wild dogs (Lycaon pic-
tus) typically elicit only scattered alarm barks from the baboons. This
is somewhat surprising, because hyenas do prey on baboons, especially
when they are hunting in a group. Anne Engh observed a hyena calmly
grab and Kkill a baboon that was foraging near it. The hyena then slowly
walked away with the carcass to scattered alarm barks, followed by its
two companions. We strongly suspect that hyenas opportunistically
pick off baboons that are foraging on the periphery of the group, be-
cause we have often stumbled upon a lurking hyena while searching
for an animal to sample. Although hyenas are much larger than ba-
boons, the baboons will chase a hyena if they encounter it alone. Our
colleagues Thore Bergman and Jacinta Beehner once saw several adult
male baboons drop from a tree to attack a solitary hyena that was pass-
ing underneath.

Finally, crocodiles occasionally attack baboons when they are feed-
ing in floodplains or foraging next to the river. On three occasions we
have seen a crocodile leap from shallow water and attack an adult male
who was foraging or drinking nearby. In two cases, the male jumped
away without being bitten. In a third attack, however, a relatively small
(2 meter long) crocodile grabbed the group’s alpha male and bit him on
the face, arms, and leg before he could escape.

Although crocodiles may not account for as many baboon deaths as
lions and leopards, anyone watching baboons near water would have
no doubt that they fear and despise these reptiles. As we have already
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mentioned, baboons become extremely vigilant before crossing water,
giving alarm calls to any disturbance. When they forage near the river,
they are even more anxious, and their nervousness often leads young
animals to give alarm calls to partially submerged hippos, diving ducks,
and even floating elephant dung. The slightest boil on the water’s sur-
face elicits a chorus of crocodile alarms from the baboons and a race
away from the water’s edge.

Predation and stress

When Marais described the life of a baboon as “one continual night-
mare of anxiety,” he was referring to baboons’ fear of predators. His
intuition rings true. Because predator attacks are unpredictable, uncon-
trollable, and unremitting, and because witnessing an attack is trau-
matic in itself (as we can attest), the threat of predation could poten-
tially result in chronic anxiety.

When a baboon, human, or any other mammal faces an acute emer-
gency—Ilike being chased by a lion—the body mounts a stress response.
Minutes after the emergency is detected, the adrenal cortex begins to
pump glucocorticoids into the blood. The elevated levels of glucocor-
ticoids act both to mobilize energy reserves and to curtail nonessen-
tial metabolic activity (Sapolsky 2002, 2004). While adaptive over the
short term, this flight-or-fight response is physiologically costly if it per-
sists. Occasional stressors can be tolerated, but long-term, chronic stress
drains the body of essential reserves and has many other deleterious
consequences. Some hallmarks of prolonged stress are atherosclerosis,
cardiovascular disease, and a compromised immune system.

Predation is a pervasive and inescapable part of baboon life. It is the
single most important cause of adult mortality, and it affects individu-
als of all dominance ranks equally. Even the survivors suffer: in months
when a group member is killed by a predator, glucocorticoid levels in
males and females are significantly higher than at other times. Attacks
that result in group separation—Ilike the lion attack that divided the
group for two days—produce significantly greater stress than less in-
tense encounters (Engh et al. 2006b). Predation is especially stressful for
females whose close relatives are killed. Females who lose a close relative
to predation have significantly higher glucocorticoid levels during the
following month than do females who experience no such loss. Female
baboons, in other words, experience what in humans we would call
bereavement. And, as we will describe in Chapter 5, in the subsequent
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weeks and months females respond to their grief in a very human way:
by seeking out others and enlarging their social network (Engh et al.
2006b).

Predation and infanticide are the dark side of the Okavango Delta.
Along with the open savannah, lush islands, huge fruiting trees, and
the annual flood, they set the stage for our study of baboon society and
the metaphysics that underlies it.
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Males: Competition,
Infanticide, and Friendship

The generality of the male sex cannot yet tolerate the idea of living with an
equal...Itis only a man here and there who has any tolerable knowledge of the
character even of the women of his own family.

JOHN STUART MILL, 1869: THE SUBJECTION OF WOMEN

Baboons are a politically incorrect species. Males are much
bigger than females and are best described as bullying
hooligans. Although they sometimes form close, endur-
ing friendships with females, they remain dominant to
them and often express their affection through threats
and violent chases. Unlike females in less sexually dimor-
phic species like vervets and macaques, female baboons
almost never form alliances against a male, except when
the male is attacking their infants. Nevertheless, females
form the core of baboon society. They remain in their natal
groups throughout their lives, while most males emigrate
to neighboring groups as young adults. Moreover, while
females live comparatively tranquil, subtle, and complex
lives—and often survive to more than 20 years of age—the
lives of most males are nasty, brutish, and short. Because
the strategies associated with success in male baboon so-
ciety are relatively simple and uncomplicated, we discuss
males first.

An infant baboon is born after six months’ gestation
and remains dependent on its mother for roughly one year
(we therefore define infants as those 12 months of age or

50



MALES: COMPETITION, INFANTICIDE, AND FRIENDSHIP

younger). The youngest infant we have known to survive its mother’s
death was nine months old when her mother died.

By about 15 months of age, young juveniles are feeding and moving
independently (Altmann 1980). Not long afterwards, male and female
baboons begin strikingly different life trajectories. By five years of age,
males are considerably larger than females. By the time they become
fully adult—females at around six and males at around nine years of
age—males weigh twice as much as females. They also develop large,
dog-like muzzles and enormous canine teeth.

At some point after the age of nine, most males leave their natal group
and join another. The timing and causes of a male’s departure are not
always clear. Some simply leave, unpredictably, before they have shown
any inclination to challenge other males. Others rise in rank through
the male dominance hierarchy—sometimes attaining the alpha posi-
tion—and leave only after they have been defeated. A few never leave.

The number of adult males in a baboon group at any given time
ranges widely, from as few as 3 to as many as 12. Regardless of their
number, however, the males invariably form a linear, transitive domi-
nance hierarchy based on the outcome of aggressive interactions (a lin-
ear, transitive hierarchy is one in which individuals A, B, C, and D can
be arranged in a linear order with no reversals that violate the rule ‘if A
dominates B and B dominates C, then A dominates C’). Although the
male dominance hierarchy is linear, transitive, and unambiguous over
short periods of time, rank changes occur often (Kitchen et al. 2003b),
and a male’s tenure in the alpha position seldom lasts for more than
a year.

Displays, fighting, rank, and sex

When an immigrant arrives, he challenges the males in his new group
with aggressive displays. Male chases and displays are a daily occur-
rence; physical fights, by contrast, are relatively rare. This is not unusual.
In most animal species, competitive interactions typically take the form
of vocal, visual, or gestural displays—Iloud calls, threatening postures,
and other behaviors that allow opponents to assess each other’s fighting
ability without always escalating to an actual attack.

Regardless of the species involved, displays have one essential prop-
erty: they involve signals of competitive ability that are difficult, if not
impossible, to fake. Male red deer (Cervus elaphus), for example, chal-
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lenge and assess one another by the rate, amplitude, and pitch of their
roars (Clutton-Brock and Albon 1979). These acoustic features are reli-
able indicators of size and endurance because only large males in ex-
cellent condition can produce loud, low-pitched roars at high rates. In
much the same way, songbirds challenge and assess one another by
the size of their song repertoires. Males with large and complex song
repertoires are often older, more experienced, or in better condition
than others. Repertoire size is therefore a good indicator of a male’s age
and condition, which in turn is correlated with his competitive ability
(Searcy and Nowicki 2005; for another review see Andersson 1994).

Because natural selection favors the skeptical observer and acts
against any individual who allows himself to be duped by traits un-
related to fighting ability, the only displays that persist over time are
“honest” indicators of a male’s condition. The displays are honest be-
cause they are too costly for males in poor condition to produce and
maintain (see Andersson 1994, Vehrencamp 2000 for reviews). Displays
will always be more common than actual fighting because, regardless
of the competitive ability he brings to the table, it invariably pays for
a male to display first, before the fight escalates and results in injury
(Fig. 10). Avoiding injury is of paramount important because the cost of
being injured almost always outweighs the benefits to be gained from
any single dispute (Maynard Smith 1982; see Bradbury and Vehrencamp
1998 for review).

Male baboons’ competitive displays take the form of violent chases
and loud “wahoo” calls. Wahoos satisfy all of the criteria for a classic
competitive display. They are extremely loud, low-pitched calls that can
be produced only by large, fully adult males. They are costly to produce
not just because of their loudness and low pitch but also because males
give them in long bouts, often as they race through the group or bounce
through trees, leaping from branch to branch. A wahoo display is there-
fore an exhausting demonstration of a male’s stamina and coordina-
tion. And lest there be any doubt that wahoo displays are surrogates for
actual fighting, male baboons often engage in wahoo “contests”: one
male’s wahoos elicit challenges from two, three, four, or many other
males, all of whom respond by leaping through the trees and wahooing
themselves. The contest continues until, one by one, the males drop
out, exhausted. Usually, only one of the most dominant males is left
calling at the end.

Wahoos really do seem to provide a reliable indicator of a male’s
competitive ability. As research by our colleagues Dawn Kitchen and
Julia Fischer has shown, high-ranking males are more likely than low-
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Figure 10. Male baboons assess each other’s competitive abilities in chases, wahoo contests,
and canine displays. Betelgeuse yawns to signal his willingness to defend his estrous female,
Champagne. Photograph by Anne Engh.

ranking males to enter wahoo contests. They also give wahoos at the
highest rate and produce wahoos with longer and louder hoo syllables
than the wahoos of other males. As males age and fall in rank, they
are less likely to enter wahoo contests—and with good reason, because
their wahoos become less and less impressive. While the wahoos of a
young, vigorous, high-ranking male are thunderously loud, intimidat-
ing calls, the wahoos of old males are weak, hoarse, waaghs with little
hoo left at the end (Kitchen et al. 2003b; Fischer et al. 2004a).

The predictable relation between a male’s rank and the quality of his
wahoos allows competitors to assess each other without actual fight-
ing. Males of very disparate ranks seldom engage in wahoo contests,
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Figure 11. Some displays between males escalate to physical fights. Photograph by Adrian Bailey/
Aurora.

presumably because subordinate males can assess, through their rival’s
wahoos and behavior, that they are outmatched and that discretion is
the better part of valor. Escalated fights between males of very different
ranks are therefore rare, occurring only when the contested resource
is extremely valuable: meat, a sexually receptive female, or an infant
threatened by infanticide (Fig. 11). By contrast, wahoo contests involv-
ing males of similar rank—whose wahoos sound more alike—occur at
high rates. They are longer, occur for unpredictable reasons, and are
more likely to escalate to physical fights and wounding (Kitchen et al.
2005a).

At any one time, a baboon group is likely to contain several males at
different stages in their life history. Some are young adult natal males of
nine or ten years who have yet to disperse. They have impressive, fully
erupted canines, and their testosterone levels are high (Beehner et al.
2006). They challenge other males with wahoo displays and chases, by
yawning to display their undamaged canines, and by harassing females.
If his rival is not intimidated, a young, testosterone-charged male may
eventually escalate his challenge into an actual fight. He is making his
move up the hierarchy.

Other males of the same age or a little older are immigrants from
another group. They, too, are in prime condition, with sharp, undam-
aged canines and impressive wahoos. One of these individuals is typi-
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cally the group’s alpha male. Some alpha males have high testosterone
and aggressively assert their dominance by initiating wahoo contests
or walking assertively directly at their rivals. Others have surprisingly
low testosterone levels and seem to maintain their status effortlessly,
by sheer force of personality (Alberts et al. 1992; Sapolsky 1992, 1993,
2005; Beehner et al. 2006).

Invariably, the group also includes several males who have recently
fallen in rank or never attained the alpha position but who are still
relatively young and in good condition. Some of these males are pro-
tecting infants they may have fathered, others appear to be biding their
time.

Finally, there are older males with worn, chipped, badly stained ca-
nines and hoarse, exhausted wahoos that are unlikely to impress any-
one. As in so many cultures, these old fellows are a mixed bag. Some
are once-great individuals whose loss of rank appears to have sent them
into a tailspin of depression. Their testosterone levels plummet and they
seem to age before our eyes. Most die within a few years of their fall,
often before they reach 15 years. Others are down but by no means out.
They continue to defend infants and challenge other males. In 2000
and 2001, a tenacious male known as Third Man moved up and down
the hierarchy, from top to bottom and back, occupying seven different
rank positions over a 12-month period. When he was up he wahooed
impressively, when he was down he did not. Still other senior males
have teeth that are worn to nubs or entirely gone. Although they move
slowly and seldom engage in wahoo displays, they remain sufficiently
ornery and resolute to seize the opportunity for a surreptitious mating,
to defend a favorite juvenile, or to kill an impala or vervet. One such
male, Wanda, lived beyond age 20, the only male in the group ever
known to achieve this actuarial milestone.

Interestingly, once a male has reached adult size there seems little
relation between his size and either the quality of his wahoo displays
or his rank (Kitchen et al. 2003b). Craft, guile, and persistence may be
more important. Although a very small male might never attain alpha
status, it is also the case that not all big males do so. Because a male’s
tenure in the alpha position typically lasts for less than a year, there are
always males of roughly similar size in the group who formerly occu-
pied this position, or who will shortly attain it. A male’s fighting ability
determines his rank, but fighting ability appears to be related more to
skill and ambition than to size. Indeed, as we discuss below, some alpha
males appear almost to abdicate their position once they have fathered
infants that may require protection from immigrants.
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Competition for high rank is the central feature of a male baboon’s
life because rank translates directly into reproductive success. The al-
pha male accounts for the vast majority of matings, particularly those
that occur around the time of ovulation (Bulger 1993; Kitchen et al.
2003b). Female baboons experience a reproductive cycle of approxi-
mately 28 days. Roughly 10 days before ovulation, the skin around their
perineum turns pink and begins to swell. During this time, females
solicit matings from males, but only juveniles and adolescents usually
show much interest. As ovulation approaches and the female’s sex skin
reaches maximum size, male competition heats up, and the alpha male
usually wins. He and the female form a “sexual consortship” in which
the male closely follows the female and they groom and mate at high
rates. Depending on the male’s rank, other males may challenge the
consorting male and attempt to take over his female. It is an anxious,
stressful time for the consorting male, and his glucocorticoid levels may
rise significantly (Bergman et al. 2005). To reduce the risk of a challenge
from a rival, the consorting pair may move to the edge of the group,
away from others. Soon after ovulation, the female’s sex skin deflates
rapidly and the consortship usually ends, though the female continues
to mate with other males for several more days.

This is not to say that the alpha male has a total monopoly on all
matings. Often, more than one female is cycling simultaneously, so
that second- and third-ranking males are also able to form consort-
ships. There is also often a considerable amount of “sneaky” mating.
Paternity data derived from fecal samples indicate that, although the
alpha male fathers the most offspring, other males also achieve some
reproductive success (Altmann et al. 1996).

The particular combination of males in the group at any given time
sets the overall tone. When there are several young, ambitious striv-
ers jockeying for the alpha position, wahoo contests and fights occur
several times a day. Ranks change often, and glucocorticoid levels are
high, particularly among males at the top of the hierarchy, who have
the most to lose. Instability in the dominance hierarchy is the single
most important cause of stress in male baboons (Sapolsky 1992, 1993,
2005; Bergman et al. 2005). If, on the other hand, there is one clearly
dominant alpha male and few rising natal or immigrant males, life is
much quieter. Displays are rare, chases even rarer, ranks remain stable,
and animals spend their day peacefully foraging, grooming, or sitting
in the shade. High-ranking males, whose control is not at risk, exhibit
low glucocorticoid levels. Now the males who experience the greatest
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stress are those at the bottom of the hierarchy (Sapolsky 1993; Alberts
et al. 2003; Bergman et al. 2005).

Immigrants, infanticide, stress, and male-female friendships

Whatever the mood in the group at the time, the arrival of a new
immigrant male disrupts everything. Youngsters run to inspect the
newcomer, boldly racing up to him, staring, and then quickly whirl-
ing around to present their rumps as a sign of submission. Resident
adult males are more seriously upset. They become vigilant and restless,
warily tracking the new male’s every move but avoiding any direct con-
frontation. They seem to be assessing him from a distance, waiting for
a wahoo or yawn that will reveal his fighting ability.

The immigrant, of course, is making similar assessments. He appears
to recognize immediately which are the high-ranking males, and al-
though he avoids these individuals, he may confront lower-ranking
males directly, by walking deliberately at them. He may also solicit
friendly interactions from females and juveniles—particularly the
group’s alpha female—by grunting and lipsmacking at them as he ap-
proaches. (Lipsmacks are a universal signal of friendly intent in mon-
keys. In baboons, as we discuss in later chapters, grunts also signal
benign intent.) Cycling females may respond to the new male’s solicita-
tions by presenting to him.

The most dramatic reactions to a new immigrant, however, come
from lactating females, who raise their tails, grab their infants, and race
away screaming whenever he begins to approach. Even his grunts fail
to reassure them. Their anxiety is well founded, because most immi-
grant males who rise to the alpha position commit infanticide (Palombit
et al. 2000; Cheney et al. 2004). Infanticide has also been observed or
strongly suspected when a new immigrant male has arrived in the group
and risen in rank, but not attained the alpha position. Infanticide, as we
mentioned in Chapter 3, is the single most important cause of infant
mortality. At least 53% of all infants born during our study have died as
a result of confirmed or suspected infanticide (Fig. 12).

Why do males commit infanticide? The now well-documented an-
swer originates from research conducted by Sarah Hrdy (1977) on In-
dian langur monkeys. It has since been supported by many other studies
of monkeys, rodents, carnivores, and other mammals (Janson and van
Schaik 2000). Taking baboons as an example, consider the following
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Figure 12. The immigrant alpha male Dougie bites the infant he has just killed. Photograph by
Ryne Palombit.

facts. Although the alpha male monopolizes most of the matings with
fertile females, he can expect to hold the alpha position for only seven
or eight months before a new immigrant defeats him. Furthermore, be-
cause the gestation period in baboons is six months and lactating fe-
males nurse their offspring for at least a year before resuming sexual cy-
cling, the majority of females will be unavailable for mating during his
brief tenure. The male, therefore, has two choices: he can accept the situ-
ation as it is and mate with the few females who are currently cycling, or
he can kill as many infants in the group as possible, thereby hastening
the resumption of lactating females’ sexual activity. In so doing, he will
have replaced another male’s infant with his own.

Infanticide, therefore, is a sexually selected trait that enhances a
male’s fitness, though at the expense of the fitness of one or more fe-
males. Not surprisingly, it occurs most often in sexually dimorphic, po-
lygynous species, where male competition is intense and females find
it difficult to defend themselves against a male’s attacks. This is not
to say that males understand why infanticide is adaptive, or that they
explicitly calculate their expected reproductive success when they com-
mit infanticide. Similarly, not all immigrant males who achieve alpha
status commit infanticide. Infanticide appears to be an opportunistic
strategy whose occurrence depends both on the number and personali-
ties of resident males and on the personality and aggressiveness of the
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immigrant. Indeed, the proximate mechanisms that underlie a male’s
decision to kill an infant remain elusive.

Data on stress confirm that, for female baboons with infants, the ar-
rival of a high-ranking immigrant male is a period of great anxiety. Re-
search by Jacinta Beehner, Thore Bergman, and Anne Engh has shown
that rank changes among resident males produce no signs of stress in
females, even when a long-time resident or natal male rises to the al-
pha position. This is probably because resident and natal males pose
little infanticidal risk. When a new immigrant arrives, however, female
glucocorticoid levels rise significantly, but only among those who are
lactating. Cycling and pregnant females show little or no response. And
if the new immigrant rises to the alpha position and begins to com-
mit infanticide, lactating females’ glucocorticoid levels rise even higher
(Beehner et al. 2005; Engh et al. 2006a).

Even though they are much smaller than males, female baboons de-
fend their infants vigorously against real and potential threats, some-
times leaping on and biting any male that attempts to attack them.
Many males, though, are relentless in their pursuit, stalking females
for months and waiting for an opportune moment to grab the infant in
a drive-by attack. Most lactating females, therefore, adopt an alterna-
tive strategy: they form a close “friendship” with a resident adult male.
Although lactating females form friendships with males of all ranks,
the most attractive friends, and those over whom females compete
the most, are males who were in the alpha position when the females’
infants were conceived (Palombit et al. 2001). These males not only
provide the best protection, but they are also most likely to be the in-
fant’s father. They are therefore highly motivated to protect it. In fact,
male friends go to considerable lengths to protect infants, often grab-
bing and carrying infants when approached by a potentially infantici-
dal male.

Friendships are the strongest and most enduring bonds formed be-
tween males and females (Fig. 13). While sexual consortships last for
only several days, friendships persist for as long as a year. Friends forage
and sit together, and groom each other at high rates. Males also baby-sit
when their friends are foraging, tolerating outrages against their dig-
nity like tail-pulling, back-sliding, and head-sitting.

Our colleague Ryne Palombit has amassed a variety of evidence
supporting the view that friendships in baboons are a counterstrategy
against infanticide (Palombit et al. 1997, 2000). To begin with, friend-
ships are most common when there is a new immigrant male present in
the group, and especially common when the new immigrant achieves
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Figure 13. Females often establish a close friendship with a male after the birth of an infant.
Photograph by Roman Wittig and Cathy Crockford.

alpha status. At other times, lactating females may form no friendships
at all. When friendships are formed, they are largely the work of the
female, who follows her friend and remains as close as possible to him.
The female’s greater initiative is not surprising, because she and her
infant clearly stand to benefit from the friendship. Playback experi-
ments have shown that males recognize the screams of their female
friends and respond preferentially to their cries of distress. Perhaps as a
result, when a potentially infanticidal male arrives in the group lactat-
ing females with male friends experience significantly lower glucocorti-
coid levels than those without friends (Beehner et al. 2005; Engh et al.
2006a). Having a protector clearly reduces stress.

Because each infant represents a large proportion of a female’s life-
time reproductive success, females may derive a greater benefit from
a friendship than males. As long as there is some probability that the
infant he is defending is his own, however, friendships also benefit
males. Friendships, therefore, are opportunistic and self-serving. They
exist primarily because they offer protection to infants who may be the
male’s offspring. Once an infant dies or is weaned, the friendship ends
abruptly (Palombit et al. 1997). The male may continue to interact with
the female, but the close proximity and grooming that were once so
evident largely disappear. Males do, however, continue to defend the
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now independent juvenile, and if the juvenile is orphaned the male
will often take over the role as the juvenile’s primary adult companion.
Indeed, over time a male’s successive friendships transform him into a
Pied Piper, and he is accompanied wherever he goes by a troupe of tum-
bling and twirling youngsters. For an old, slow-moving, low-ranking
male, it is as good a way as any to finish out his years.
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Females: Kinship, Rank,
Competition, and
Cooperation

Three or four familiesin a country village is the very thing to work on, and I hope
you will ... make full use of them while they are so very favorably arranged.
JANE AUSTEN, 1814: LETTER TO HER NIECE ANNA

It is a truth universally acknowledged in baboon society
that, while success in the male world is determined by sex,
fighting, and posturing, success in the female world de-
pends on family, social networks, and intrigue.

Kinship

The social structure of female baboons is very similar to
that of many other Old World monkey species, including
vervets and macaques. Females live throughout their lives
in their natal group and maintain close, enduring bonds
with their matrilineal kin (Silk et al. 2006a,b; see Appen-
dix for the study group’s family trees). These relationships
are best observed through grooming. Adult females are as-
siduous groomers and can spend four or five hours a day
grooming with several different partners. Over the course
of a year, a female may have dozens of grooming partners,
including offspring, other relatives, adult males, and un-
related adult females. The great majority of her grooming,
though, is exchanged with a few of her close female rela-
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Figure 14. Luxe forms a grooming chain with her daughters Bex and Naxos. Photograph by
Anne Engh.

tives (Fig. 14). Grooming involves far more than just the removal of ec-
toparasites. When two animals groom, their behavior not only provides
immediate satisfaction but also strengthens the bond between them.
This not only causes them to groom each other again but also reinforces
their tendency to spend time together, tolerate each other at feeding
sites, huddle together on cold days, and support each other in aggres-
sive alliances (Seyfarth and Cheney 1984, 1990; Silk et al. 1999, 2004,
2006a,b; Schino et al. 2003). All of these interactions forge a relation-
ship that is more than the sum of its parts.

Close bonds among matrilineal kin have evolved through kin selec-
tion, the evolutionary process that favors individuals who can recognize
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their close genetic relatives and assist in their reproduction (Hamilton
1964). Kin selection creates nepotistic biases in the behavior of animals
as diverse as ants and elephants. In baboon society, the females most
likely to cooperate are close matrilineal kin, who have both a genetic
predisposition to do so and close social relationships that serve as a
mechanism for identifying kin. (Recent research on rhesus macaques
and baboons in Kenya [Widdig et al. 2001; Smith, Alberts, and Altmann
2003] has revealed that cooperation can also occur among patrilineal
kin, who also have a genetic reason to do so but for whom the mecha-
nisms underlying recognition are as yet unknown. For ease of discus-
sion, in this book we use the terms “kin” and “relatives” to refer to
maternal relatives.)

Alliances play a special role in baboon metaphysics. An alliance oc-
curs when two animals become involved in a fight and one of them
recruits a bystander to join her as an ally. Here is a typical example,
from data collected in 1992. Sierra, a juvenile female at the time, was
walking toward a jackalberry tree where other animals were feeding. In
her path sat Jeanette, a low-ranking adult. Contrary to her usual behav-
ior, Jeanette did not move off at Sierra’s approach; instead, she threat-
ened Sierra with a quick bob of her head. Sierra immediately lunged at
Jeanette, giving a series of threat-grunts, and, for good measure, a loud
scream. Like many other vocalizations in the baboons’ vocal repertoire,
threat-grunts and screams are individually recognizable (Owren et al.
1997; Palombit et al. 1997; Rendall et al. 1999; Bergman et al. 2003). As
a result, Sierra’s calls not only challenged Jeanette with the threat of
reprisal but also broadcast a signal to her own matrilineal relatives. Im-
mediately, Sierra’s mother, Sylvia, and her aunts Selo and Stroppy came
running to Sierra’s aid. Together the four leapt on Jeanette, pinned her
to the ground, and bit her tail. Jeanette dropped her food and ran away
screaming, but no one responded to her calls.

To succeed in baboon society, a female must, of course, recognize her
own relatives. But to participate in coalitions, she needs more than this.
Because baboons and other monkeys form most of their alliances with
close kin, it also behooves a female to take a non-egocentric perspective
and recognize other individuals’ social networks. Alliances involve not
just the support of one individual but also hostility toward another—
and often, by extension, the other animal’s family. They require nu-
anced decisions about when to join, whom to join, whom to threaten,
and whom to ignore. In other words, life in a baboon group seems to
require an understanding of the group’s entire kinship system. We con-
sider this question further in Chapter 6.
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Rank

Like males, female baboons form linear, transitive dominance hierar-
chies. There, however, the similarity ends. Whereas male dominance
ranks are acquired though aggressive challenges and change often, fe-
male ranks are inherited from their mothers and remain stable for years
at time. Furthermore, most female dominance interactions are very
subtle. Although threats and fights do occur, they are far less common
and violent than fights among males. Instead, most female dominance
interactions take the form of supplants: one female simply approaches
another and the latter cedes her sitting position, grooming partner, or
food. The direction of supplants and aggression—and the resulting fe-
male dominance hierarchy—is highly predictable and invariant. The
alpha female supplants all others, the second-ranking supplants all but
the alpha, and so on down the line to the 24th- or 25th-ranking female,
who supplants no one.

The female dominance hierarchy in most Old World monkeys is
in fact a hierarchy of matrilines. Daughters acquire ranks similar to
their mothers’, and sisters assume adjacent ranks. In marked contrast to
males, however, high-ranking females are not necessarily in better con-
dition than low-ranking ones. Even though the highest-ranking female
might be old and decrepit, and the second-ranking female a spindly
adolescent, all others defer to them.

Female baboons, like female macaques and vervet monkeys, acquire
and maintain their dominance ranks by processes that are both physi-
cal and psychological. Infant baboons are extremely attractive to adult
and juvenile females, who gather around to touch, hug, and examine
them. But while all infants are attractive, the babies of low- and high-
ranking mothers receive somewhat different treatment. If a female
wants to handle an infant whose mother ranks lower than she does,
she simply walks toward the mother, grunts repeatedly to appease her
(low-ranking mothers are often very nervous and grunts seem to reduce
their anxiety; see below) and touches or hugs the infant (Fig. 15). The
approaching female is not at all aggressive, but there is no hint of defer-
ence in her behavior. By contrast, if a female wants to handle an infant
whose mother ranks higher than she does, the process is considerably
more elaborate and obsequious. The female approaches the mother
tentatively, grunting several times while gazing at the infant. If the
mother does not threaten her away, the female moves closer, then sits
and grunts again. If there is still no threat from the mother, the female
inches her way to within arm’s length, and while furiously grunting to
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Figure 15. Bex, the juvenile daughter of the high-ranking Luxe, examines the infant of the much
lower-ranking CP. Photograph by Anne Engh.

the mother reaches out and gently touches the baby. Even before they
begin to move independently, high-ranking infants are treated with a
caution and deference that low-ranking infants never receive.

We say that rank is acquired and maintained by both physical and
psychological processes because high-ranking baboons are protected
by both the actual, physical intervention of their kin and their kin’s
sycophants and the implied threat of such intervention. In baboons
and other monkeys whose social organization is built around nepotis-
tic rank acquisition, high-ranking females are not more aggressive than
lower-ranking females, nor are high-ranking families always larger than
low-ranking families. Nevertheless, high-ranking individuals consis-
tently receive the most support from both their kin and unrelated ani-
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mals (reviewed by Walters and Seyfarth 1987; Chapais 2001; Silk 2002).
Low-ranking females rarely unite to form an alliance against a higher-
ranking female. Instead, females form alliances with individuals who
already rank higher than their opponent. Most alliances, therefore, are
gratuitous and redundant: they do not affect the outcome of the dispute,
but function only to preserve the status quo (see Chapais 2001 for ex-
periments testing this observation in Japanese macaques). The result is
a conservative society in which females acquire their family’s rank, and
high-ranking juveniles and adults maintain their status because they
are—well, high-ranking.

Although alliances in baboons and many other monkeys play a cru-
cial role in the acquisition and maintenance of female rank, females
form alliances against other females at surprisingly low rates. Whereas
females intervene in many of their juvenile offspring’s disputes, and
female vervets and macaques also form alliances against males at rela-
tively high rates (the great disparity in size between male and female
baboons probably precludes female baboons from forming alliances
against males), fewer than 5% of females’ disputes with other females
result in alliances (Wittig et al. 2007b). The frequency in the Okavango
is 4%, comparable to the frequency found in other areas of Africa (Silk
et al. 1999, 2004).

This low rate of female-female alliances seems puzzling at first
glance, because the linear hierarchies in these species are thought to
depend on familial alliances. Female baboons and other monkeys,
though, are very vocal animals, and otherwise uninvolved bystanders
often give threat-grunts while observing other females’ disputes, as if
indignantly reproaching the tiff from the sidelines. These simian Ma-
dame Defarges are usually close relatives of the higher-ranking com-
batant, and they are almost always higher-ranking than at least one of
the combatants. Because nothing stops the spectators from joining the
scrum, their threat-grunts may function as implied threats (Fig. 16). In
the Okavango baboons, roughly 6% of females’ disputes result in “vocal
alliances” by female bystanders. Taken together, physical alliances and
the vocal threat of an alliance may be sufficient to maintain a stable and
conservative matrilineal hierarchy.

Vocal alliances are low-cost signals that announce the signaler’s will-
ingness to intervene physically if the dispute is not settled quickly. As
we discussed in Chapter 4, theory predicts that animals should always
attempt to settle disputes through low-cost displays that allow contes-
tants to assess each other’s competitive ability and likelihood of sup-
port before a fight escalates and results in injury (Maynard Smith 1982;
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Figure 16. A juvenile female enlists the support of an adult female while threatening a younger
juvenile from a lower-ranking family. Photograph by Adrian Bailey/Aurora.

Bradbury and Vehrencamp 1998). We might therefore expect vocal al-
liances to be widespread in animals. In the next chapter, we describe
a playback experiment designed to test whether baboons interpret by-
standers’ threat-grunts as alliance support.

Like ranks among families, dominance ranks within baboon families
are clear and unambiguous. They follow the rule of youngest ascendant:
sisters assume ranks in inverse relation to their ages, with the youngest
daughter ranking higher than all of her sisters. The process of rank ac-
quisition within monkey families is not well understood, but younger
daughters probably acquire ranks above their sisters at a very early age,
when the mother consistently intervenes on the side of her smallest,
most vulnerable offspring (reviewed by Chapais 2001; Silk 2002). In
some families, one or more daughters may eventually rise in rank above
her mother, especially as the mother ages and her reproductive value
decreases (Combes and Altmann 2001). In others, the matriarch never
cedes her position.

The relative ranks of females are extraordinarily stable. When we
began our study in 1992, the seven matrilines in the group had already
held their relative positions for many years. In 1992, the alpha female
was Stroppy, the second-ranking female was her daughter Sylvia, and
the third-ranking female was Beth. Stroppy had two juvenile daughters,
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Selo and Swallow, and Beth had one juvenile daughter, Luxe. In 1994
Stroppy died, and her daughter Selo assumed the alpha position. As of
June 2006, Selo still occupied the alpha position. Palm, her daughter,
was second-ranking; Swallow, Selo’s sister, third-ranking; and Sylvia,
Selo’s older sister, fourth-ranking. Beth’s daughter Luxe ranked fifth,
and Luxe’s daughter Bex ranked sixth. Although many of the individu-
als have changed, the same two matrilines have occupied the top two
positions for decades.

Challenges to rank

Baboon society is highly nepotistic, but it is not ruthlessly despotic like
the societies of wolves (Canis lupus) or dwarf mongoose (Helogale par-
vula), for example, where only the dominant female breeds. In baboon
groups, even low-ranking females are able to raise offspring success-
tully. Baboon society is also highly conservative, as we have mentioned:
females typically support the higher-ranking of the two opponents.
Perhaps because the benefits to be derived from high rank do not usu-
ally outweigh the potential costs of a serious fight, overt challenges
to the existing hierarchy are rare. Although a low-ranking female will
unhesitatingly cuff a high-ranking juvenile who is attempting to take
her food, she will do so only after ensuring that none of the juvenile’s
relatives are within earshot. Nonetheless, beneath the peaceful, orderly
hierarchy lurk individuals—and indeed whole matrilines—just waiting
for an opportunity to disrupt the social order.

One such opportunity seems to have arisen in July 2003, when
Leko, the matriarch of the fourth-ranking matriline, innocuously be-
gan a sexual consortship with Loki, a middle-ranking male. For reasons
still unclear, adolescent females from the fifth-, second-, and third-
ranking matrilines responded with indignation. They threatened Leko
with head bobs, threat-grunts, chases, and bites. Leko and her daugh-
ters, Lizzie and Lissa, responded in kind, but Leko was soon driven to
the periphery of the group. The bulk of the attacks involved members
of the fifth-ranking matriline—Balo, her daughters Amazon and Dom-
ino, and her sister, Atchar. For a week the members of both matrilines,
as well as females from other matrilines, fought often and sometimes
violently. After a few days Leko’s and Loki’s consortship ended, and
the Leko family’s retaliation began in earnest. Lissa seemed particularly
incensed by the pretenders’ challenge. One morning she was able to iso-
late Balo, the two tussled in a violent scrum, and Balo received a bloody
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wound on her eye. Gradually, the attacks abated, and everyone reverted
to her former rank.

These attacks were completely unexpected, for two reasons. First,
females typically ignore one another’s sexual consortships, both be-
cause they probably fear the male’s intervention on behalf of his part-
ner and because most adult females are usually pregnant or busy with
young offspring. The attack on Leko might have occurred because at
the time the group contained an unusually large numbers of adolescent
and cycling females with no offspring who may have regarded Leko’s
consortship as mate competition. Second, the attacks were surprising
because they violated two of the rules that govern female dominance
relations: Leko was threatened by females who ranked lower than she,
and these low-ranking individuals managed to recruit alliance partners
who ranked higher than Leko.

Later that year, a second challenge to the existing hierarchy was more
successful. At the time, the group’s third-ranking matriline was unusu-
ally large, and included the eight surviving daughters, granddaughters,
and great-granddaughters of the venerable Sadie, an aged female who
had died in 1994 and was justifiably referred to as “the mother of all
baboons.” Perhaps because this matriline was so large, it had become
less cohesive; most of its members now interacted primarily with their
immediate family members, ignoring more distant kin. Whatever the
reason, a coup was again instigated and Cat, one of Sadie’s adult grand-
daughters, was the first to fall. Again, the ostensible cause was a sexual
consortship.

After separating herself for several days during her consortship with
the alpha male, Cat was attacked and driven to the periphery of the
group when she attempted to return. After enduring repeated attacks
for a week, Cat was eventually allowed to rejoin the group, but other fe-
males continued to threaten and chase her. None of Cat’s sisters, aunts,
or nieces interceded on her behalf, and one of her sisters participated
in the threats against her. CP, the lowest-ranking female with no close
relatives, took advantage of Cat’s lack of social support and harassed
Cat mercilessly. Initially, CP threatened Cat only when she was able to
recruit high-ranking females against her. Within a week, though, CP
and all the other lower-ranking females were able to dominate Cat in-
dividually. Cat and her one-year-old daughter fell to the bottom of the
hierarchy. During the next three months, Cat’s aunt, Helen, her sister,
Hannah, and Hannah's two daughters were also forced to the bottom
of the hierarchy by females from lower-ranking matrilines. None of the
females defended themselves when threatened, and none of their rela-
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tives intervened on their behalf. Another of Cat’s sisters and two nieces
maintained their ranks. Prior to this event, the female dominance hier-
archy had remained stable for over 20 years.

Not surprisingly, these rare rank upheavals were stressful for the in-
dividuals involved. During both periods of instability, females whose
ranks were potentially affected showed significant increases in gluco-
corticoid levels, while females in higher-ranking, unaffected matrili-
nes did not (Engh et al. 2006a). Interestingly, glucocorticoid levels in
matrilines that fell in rank were no different from those in matrilines
that rose. Apparently, rank instability per se was more stressful than its
outcome.

Social striving and the interaction between kinship and rank

William Thackeray’s Vanity Fair describes the ascent of Rebecca Sharp,
a ruthless orphan who abandons all scruples in her drive to achieve the
highest social status possible.

And now ... it became naturally Rebecca’s duty to make herself, as she said, agree-
able to her benefactors, and to gain their confidence to the utmost of her power.
Who can but admire this quality of gratitude in an unprotected orphan; and, if there
entered some degree of selfishness into her calculations, who can say but that her
prudence was perfectly justifiable?

Low-ranking female baboons are all Becky Sharps. Ruby, for exam-
ple, was born in 2000 and orphaned in 2003, when her mother and
infant sister were killed in an apparent leopard attack. Ruby’s mother
had been a member of the fourth-ranking matriline, ranked 17th in
a hierarchy of 23 females. Although Ruby was left without any close
female relatives, she had an older brother, Rick, and with his support
was able to maintain her mother’s rank.

Eight months later, though, Rick emigrated from the group. At this
point, Ruby apparently decided to seek her fortunes elsewhere. Unim-
peded by the anchor of a low-ranking mother, Ruby befriended the
members of Selo’s family, the highest-ranking matriline. Her particular
focus of attention was Sylvia, Selo’s ancient sister and still, at 22, one of
the meanest females in the group. Ruby groomed Sylvia regularly; occa-
sionally Sylvia reciprocated. Ruby also spent much of her time feeding
near Sylvia, so that when other baboons tried to threaten her away from
food Sylvia was often nearby. Perhaps because of Ruby’s grooming, or
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perhaps because Sylvia mistakenly believed that some of these threats
were directed at her (unthinkable!), Sylvia sometimes chased Ruby’s ag-
gressor. By the time Ruby reached adolescence, she had ascended above
the third-ranking matriline. Her relationship with Sylvia was not as
stable or enduring as a close bond between kin, but—however tempo-
rary it may have been—it served a purpose.

Ruby’s ascent emphasizes that matrilineal kin are sometimes more of
a liability than an asset, at least when it comes to rank. A female’s rank
depends on her family’s status, and for a low-ranking female this can be
an impediment. If an orphaned juvenile female has an older brother but
no sisters, she invariably assumes a rank higher than she should. Given
the enormous advantage that males enjoy in size and aggressiveness, a
brother’s support can be useful indeed. But if the female has even one
older sister, she almost always retains her mother’s rank. Apparently,
the presence of even one female relative serves as a sufficient reminder
to other females of her appropriate station. On the other hand, a female
relative is not a complete liability, because juvenile females who lose
all of their relatives sometimes assume ranks far below their mother’s.
Thus, the acquisition and maintenance of rank for members of low-
ranking matrilines is often more fluid, subtle, and unpredictable than
it is in high-ranking matrilines, if only because the status quo is less
satisfactory.

Although a female might sometimes gain from distancing herself
from her matrilineal kin, many female relatives are always better than
none. Females form their strongest bonds with their matrilineal kin,
and females who lose their relatives must strive to form bonds with oth-
ers. Research on baboons in Amboseli National Park, Kenya, has shown
that socially integrated females enjoy higher infant survival than fe-
males with weaker social networks (Silk et al. 2003; Chapter 6 of this
volume). Furthermore, as we mentioned in Chapter 3 and discuss fur-
ther below, females who lose a close relative to predation experience
a significant increase in stress. This stress can be alleviated through
bonds with other individuals (Engh et al. 2006b). Clearly, the presence
of female kin buffers female baboons in many ways. At the same time,
however, high-ranking females make good allies. It therefore behooves
individuals like Ruby to curry favor with the members of high-ranking
matrilines. Numerous studies have now shown that the distribution of
grooming among female monkeys is influenced by both the attraction
to kin and the attraction to high-ranking individuals (Seyfarth 1977;
Fairbanks 1980; Schino 2001; Ventura et al. 2006).
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How do low-ranking female monkeys benefit from grooming high-
ranking females? Because such interactions seldom result in rank
changes or a close, enduring bond, the immediate benefits are not al-
ways clear (Fig. 17). Female baboons, macaques, and New World capu-
chin monkeys (Cebus capucinus) are most likely to groom unrelated fe-
males who groom them (Silk et al. 1999, 2006a,b; Ventura et al. 2006;
Manson et al. 2004), but the benefits to low-ranking females are not
limited to grooming received in return. In some groups, low-ranking
females are more likely to groom higher-ranking females who threaten
them at high rates, suggesting that high-ranking females use groom-
ing as a form of extortion (Silk 1982; Perry 1996; Barrett et al. 2002;
Schino et al. 20035). In other groups, the opposite pattern is evident. Fe-
male vervet monkeys form more alliances with unrelated females with
whom they groom often (Seyfarth 1980; Cheney and Seyfarth 1990).
Playback experiments have also shown that females respond more
strongly to the recruitment calls of an unrelated female if they have
recently groomed with that female than if no grooming has taken place

Figure 17. Although females groom their relatives at the highest rate, they also groom nonrela-
tives. Jackalberry grooms Amazon, a female from a higher-ranking matriline. Photograph by
Anne Engh.

73



CHAPTER FIVE

(Seyfarth and Cheney 1984). Similarly, high-ranking female long-tailed
macaques (Macaca fascicularis) are significantly more likely to support a
lower-ranking female in a fight if the lower-ranking female has recently
groomed them than if she has not (Hemelrijk 1994). Across many pri-
mate species there is a significant positive correlation between groom-
ing and support in alliances (Schino 2007), but the causal mechanisms
that underlie this correlation are complex. Depending on the particular
social group and the individuals that comprise it at the time, grooming
may function to forge a closer relationship, enhance alliance support,
or to appease aggressive dominants (Schino et al. 2005).

Regardless of the long-term benefits that a low-ranking female ba-
boon may derive from a grooming interaction with a higher-ranking
female, it is clear that she regards it as a signal of friendly intent. In play-
back experiments, low-ranking females respond weakly if at all to the
threat-grunts of a high-ranking female with whom they have recently
groomed, suggesting that they do not expect to be threatened by her.
They seem to equate grooming with a low probability of aggression. We
discuss these playback experiments in detail in Chapters 6 and 8.

In sum, monkey society is governed by the same two general rules
that governed the behavior of women in so many 19th-century novels:
stay loyal to your relatives (though perhaps at a distance, if they are a
social impediment), but also try to ingratiate yourself with the members
of high-ranking families. The two rules interact in interesting ways. For
the members of high-ranking matrilines, the rules of kin-based and
rank-based attraction reinforce one another, whereas for the members
of low-ranking families they counteract. A member of a high-ranking
matriline is attracted to her kin not only because they are members of
the same family but also because they are high-ranking. A member of
a low-ranking family may be attracted to her kin, but she is also drawn
away from them by her attraction to unrelated, higher-status individu-
als. As a result, high-ranking families are often more cohesive than low-
ranking ones (e.g., Fairbanks 1980; Silk et al. 1999). Or, to paraphrase
Tolstoy’s Anna Karenina, all high-ranking families are alike in their co-
hesiveness; each low-ranking family is cohesive or not, in its own way.

A few years ago, a member of the British royal family visited us in the
field and spent a morning following the baboons. On being told the de-
tails of the baboons’ inherited, rank-based society she became both ex-
cited and relieved, as if a longstanding dilemma had at last been resolved
and an onerous weight lifted from her shoulders. “I always knew,” she
declared, “that when people who aren’t like us claim that hereditary
rank is not part of human nature, they must be wrong. Now you’ve
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given me evolutionary proof!” Shortly thereafter she returned to her en-
tourage, spirits uplifted, leaving us to ponder the wider implications of
our work.

Cooperation and reconciliation among unrelated females

For readers who are not members of hereditary royal families, the rank-
based society of baboons begs several questions: Why do females care
whether or not they are high-ranking? Furthermore, if there is a big
advantage to being high-ranking, why do low-ranking females remain
in the group at all? Why not start their own group, with themselves and
their family at the top? There are several answers.

First, for baboons and other monkeys, group life is essential. Liv-
ing in a group enables females both to defend food resources against
other groups and to reduce the probability of predation (Wrangham
1980; van Schaik 1983; Sterck et al. 1997). Second, life for a low-ranking
female baboon is not all that bad. In some mammalian species—like
wolves, wild dogs, and some mongooses—there is strong reproductive
skew among females, and only the most dominant individual breeds.
This is not true in monkey societies, where females of all ranks pro-
duce offspring. True, high-ranking females enjoy priority of access to
food resources, often begin their reproductive careers at younger ages,
and have slightly shorter intervals between births (for reviews see Silk
2002; Cheney et al. 2004). Over several generations, these small ben-
efits can translate into a significant reproductive advantage (Altmann
and Alberts 2003). For baboons in the Okavango, however, such small
rank-based advantages are overridden by infanticide and predation, two
factors that strike high- and low-ranking females with equal force and
are far more important in determining their lifetime reproductive suc-
cess (Cheney et al. 2004).

Indeed, perhaps because all baboons benefit from group life, high-
ranking females often seem to go out of their way to groom low-ranking
females, handle their infants, and hug or touch them while foraging.
Grunts play a particularly important role in these interactions. Grunts
are the most common vocalization given by baboons, and they occur at
a very high rate. They are tonal, individually distinctive, and function
in many different ways to facilitate social interactions (Chapter 10).

When a high-ranking female approaches a lower-ranking one, there
is always some ambiguity about what will happen next (Silk et al. 2000).
On the one hand, the high-ranking female might be attempting to
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Figure 18. A juvenile female from a high-ranking matriline attacks a low-ranking mother who

is attempting to prevent her from handling her infant. Physical attacks like these are relatively
uncommon among females. Photograph by Adrian Bailey/Aurora.

groom the lower-ranking one or handle her infant. On the other hand,
she might be attempting to supplant or threaten the lower-ranking fe-
male from the sausage fruit or palm nut that she is eating (Fig. 18). This
uncertainty creates a dilemma, both for high-ranking females who want
to behave in a friendly manner and for low-ranking females who are
reluctant to give up their food or shady spots. In stable social groups
where individuals interact frequently with one another, such uncer-
tainty should favor the evolution of reliable, honest signals that provide
accurate information about the signaler’s probable behavior (Silk et al.
1996; Maynard Smith and Harper 1995). In baboons, vervets, and ma-
caques, grunts serve this function: they are highly predictive of friendly
behavior, and listeners respond accordingly. If a high-ranking female
baboon grunts while approaching a lower-ranking one, the lower-rank-
ing female is likely to remain seated. Conversely, if the approacher re-
mains silent, the lower-ranking female usually moves away (Cheney et al.
1995b; Silk et al. 1996, 2000). As in the case of grooming, high-ranking
females almost never threaten a lower-ranking female after grunting to
her (though there are exceptions, as we discuss later).

Grunts also function to reconcile opponents after a dispute. Nonhu-
man primates are often aggressive toward one another, yet they live
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in relatively stable, cohesive social groups. A number of studies have
shown that opponents mollify the effects of aggressive competition
by grooming or interacting in a friendly manner soon after they fight
(Kappeler and van Schaik 1992). In baboons, such interactions are usu-
ally preceded by a grunt from the dominant aggressor to her subordi-
nate opponent (Cheney et al. 1995b; Silk et al. 1996).

Testing the reconciliatory function of grunts

When two female baboons get into a squabble, the higher-ranking ani-
mal may lunge at, hit, chase, or even bite her opponent. Typically the
subordinate cowers, screams, and bares her teeth in a fear grimace. In
roughly 13% of all fights, however, the dominant female grunts to her
victim shortly after the fight ends. The effect on her opponent is strik-
ing. She stops cowering and often stops moving away. She seems imme-
diately to relax. It is as if the grunt has somehow conveyed the message
“Don’t worry; I'm not going to threaten you again.”

But reconciliation is a loaded term. In its richest interpretation it
implies that the dominant female recognizes that her victim is anxious
and afraid—emotions that the dominant female herself is certainly not
experiencing—and grunts to alleviate the subordinate’s anxiety. The
subordinate, in turn, recognizes the dominant’s intent to reconcile. We
will leave discussion of this loaded, mentalist interpretation to Chapter
8, and focus here on a simpler problem: how can we be sure that it is the
grunt, and not some other factor, that causes the subordinate to change
her behavior? Perhaps it is something about the dominant female’s pos-
ture, the nature of the fight, or the two females’ past history of interac-
tions that causes what appears to be reconciliation. Furthermore, even
if we can determine that the grunt is, indeed, the crucial reconciliatory
signal, how can we be sure that it serves this function by signaling to the
subordinate something about her opponent’s behavior? Perhaps hearing
the grunt of any dominant female is sufficient to cause the subordinate
to relax.

To answer these questions we need somehow to probe the sub-
ordinate’s mind in the minutes after she has fought with the domi-
nant. Like intrusive journalists, we need to enter the scene just after
the fight and ask the subordinate “What was it that made you relax?
What would you have done if your opponent hadn’t grunted?” Playback
experiments provide one means to do this. Because these are the first of
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many playback experiments we will discuss, we describe them in some
detail here.!

*k ok

Playback experiments can be designed to simulate normal social in-
teractions or to present subjects with an anomalous sequence of calls
that mimics an event they have never experienced. Whatever their
exact purpose, most follow the same general protocol. We first create
a recorded archive of calls given by known individuals. Next, having
calibrated a recording to match the amplitude and duration of natu-
rally occurring vocalizations of that type, we play the call to a prede-
termined subject from a battery-powered loudspeaker concealed in tall
grass or behind bushes or trees. As much as possible, we try to ensure
that the loudspeaker is placed in the same general direction as the in-
dividual whose call we are about to play and that both the signaler and
any other relevant animals (like her close relatives) are out of sight and
earshot.

As soon as the speaker is properly situated and the subject’s head is
oriented in a direction at least 90° from the speaker, we conduct the
playback trial, filming the subject for a predetermined time before and
after the call is played. This record allows us to measure the subject’s
latency and duration of looking in the direction of the speaker, as well
as any other behavioral responses. We then follow the subject for a pre-
determined time after playback, noting whom she approaches and with
whom she interacts. Most of our experiments follow a within-subject
design. In some paired trials, the same individual hears two different
calls mimicking two different social interactions played to her in the
same context. In others, the subject hears the same call played to her in
two different contexts—for example, after two different social events.

1. The first playback experiment with monkeys appears to have been conducted by Richard
L. Garner in the Central Park Zoo in 1891. Using a phonograph, he played back the “salutations”
of the local group of rhesus macaques to a shipment of new monkeys, who responded with great
excitement. The technique was subsequently adopted by a variety of investigators, some of whom
found that it enhanced their hallucinatory experiences. Marianne Faithfull, the 1960s pop star and
companion to the Rolling Stones, reports that in 1967 Brian Jones played the soundtrack of a song
he had composed to a group of Barbary macaques living on the Rock of Gibraltar. “We approached
the troop of monkeys very ceremoniously. Bowed to them and told them we were going to play
them some wonderful sounds. They listened to all this very attentively, but when Brian turned
on the tape recorder, they didn’t seem to care for it. They seemed alarmed by it and scampered away
shrieking. Brian got very upset. He took it personally. He became hysterical and began sobbing”
(Faithfull and Dalton 1994).
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In most experiments, our aim is to compare test sequences against at
least one control. As much as possible, we randomly vary the order in
which subjects hear control and test sequences.

Previous studies have shown that subjects’ responses to call play-
backs differ considerably according to the type of call they hear. Some
call types—most notably alarm calls—evoke qualitatively different re-
sponses, like running into trees or looking up (e.g., Seyfarth et al. 1980).
Others elicit only a look toward the speaker. In these cases, differences
in responses to different playback stimuli are measured in terms of the
duration that subjects look toward the speaker, a quantitative rather
than a qualitative measure. There is a long and important tradition of
psychological experiments that use quantitative differences in orient-
ing to detect differences in responses to signals. In studies of nonhu-
man primates, this dependent variable has revealed consistent, signifi-
cant differences in subjects’ responses to acoustically different calls, to
calls from different individuals, and to the same call played back in
different contexts (reviewed in Seyfarth and Cheney 1997a).

To retain their credibility, playback experiments must be conducted
at low rates and blend in as naturally as possible with the baboons’
daily life. With the exception of trials involving anomalous sequences,
we play calls at less than a tenth of the rate of their natural occur-
rence, and trials involving the same subject are always separated by at
least two days. Because opportunities to conduct a playback experiment
are often rare and fleeting, the actual rate of experimentation is far
lower than this. It is not at all unusual for one series of trials to take a
year to complete. Finally, many of our attempts to conduct a playback
trial are thwarted when some piece of equipment perversely ceases to
function, an elephant or other unwelcome intruder suddenly appears,
or our subject wanders off to interact with precisely the individuals
we want her to avoid. As a result, the baboons have many opportu-
nities to see us carrying loudspeakers and video cameras without hear-
ing a call.

Despite all of these precautions, none of our experiments ever
achieves the precision and control of many laboratory tests. We simply
do not know everything that has happened to our subjects on the day
they are tested, nor can we control the myriad contextual variables pres-
ent under natural conditions. Many of these problems can be alleviated
by allowing different trials to serve as each others’ controls. If some
aspect of our protocol is inadvertently biased, then it should be equally
biased across different trials. In the end, we control what we can and
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hope that the benefits of experimenting on animals in their natural
habitat outweigh the imprecision of our methods.

*k ok

In a first attempt to test the reconciliatory function of grunts, we and
Joan Silk designed an experiment in which we played the tape-recorded
scream of a dominant female (say, seventh-ranking Hannah) to a lower-
ranking female (say, 12th-ranking Nimi) under three different condi-
tions: first, after the two females had fought and Hannah had grunted
to Nimi; second, after the two females had fought and separated in
silence; and third, after no fight had recently occurred. In playing
Hannah’s scream, we were hoping to mimic a scenario in which Han-
nah was being threatened by an even more dominant female or male.
When this happens under natural conditions, females often “redirect”
their frustration by seeking out and threatening a more subordinate
individual. (Redirected aggression will be familiar to anyone who has
ever picked a quarrel with a spouse, friend, or child after an unpleasant
disagreement with a colleague at work.) We predicted that, if grunts
really do serve a reconciliatory function, Nimi would be more likely to
interpret Hannah's scream as a sign of possible renewed aggression if
Hannah had not grunted to her than if she had. She should therefore
look in the direction of the speaker for a relatively long duration. But if
Hannah had grunted to Nimi after the fight, Nimi should look toward
the speaker for only a short duration, if at all. In this case, her response
should be no different from what it would be in the absence of any re-
cent aggression.

Note that in this experiment, as in many others, our within-subject
design meant that the same subject heard the same individual’s scream
in all three trials. In this experiment we had, by definition, no control
over trial order for two of the conditions. We did, however, vary the
order of the third “no prior fight” condition, so that for some subjects
this trial was played first, for others second, and for others third.

Like all playback experiments, these were exasperating to conduct.
To begin, it took months to build up a library of clearly recorded screams
from different females. Further, the design of the experiment required
that we play the dominant opponent’s scream to the subordinate sub-
ject between 10 and 30 minutes after the original fight. As a result,
when one of us had witnessed a fight, we had to race frantically through
the baboon group to locate the other observer while simultaneously
keeping track of the two females to determine whether the dominant
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grunted to her victim. In 1992 and 1993, before we had two-way radios,
these efforts were often ludicrous to behold. Next—while still keeping
an eye on the two combatants—one person prepared the video camera
as the other searched laboriously through the library of calls on the
tape recorder to locate the dominant animal’s scream. Again, before the
advent of digital audio players this took an agonizingly long time. In a
vexing number of cases, we lost track of one of the females before we
could conduct a trial. Equally often, the two females simply loitered in
the same general vicinity, in full sight of each other, until the allotted
time had expired.

Finally, the experimental design demanded that we observe the same
two females fight at least twice. After one fight, the dominant female
had to grunt to her victim; after the other, she had to remain silent.
Some individuals were simply not accommodating. It was easy to ob-
serve Sylvia, the second highest-ranking female at the time, threatening
someone. Known locally as the “Queen of Mean” and so cantankerous
and irritable that she willed herself to live long past the age of 20, Sylvia
cut a swathe as she moved through the group, scattering subordinate
females and juveniles, and biting or whacking anyone who failed to
move out of her way. The problem was that she almost never grunted to
her victims. We had the opposite problem with Beth, the elderly third-
ranking female. Beth hardly ever threatened anyone, and when she did
she almost invariably hugged or grunted to her opponent afterwards. As
with Sylvia, we could complete one part of the trial, but not the other.

We were eventually able to complete 15 sets of three trials involving
15 different female-female pairs. Subjects came from several different
families and many different ranks. When we examined our results, we
found that subjects did indeed respond strongly to their former aggres-
sor’s scream if the aggressor had not grunted to them after their fight.
Conversely, if the aggressor had grunted, subjects responded as weakly
to her scream as they did in the absence of any prior aggression. Appar-
ently, subjects inferred that their former opponent was more likely to
renew aggression if she had not grunted to them than if she had. Grunts
seemed to serve a reconciliatory function (Cheney et al. 1995b).

We next designed a more ambitious and devious experiment in
which we attempted to mimic vocal reconciliation. These experiments
demanded that we observe, on three separate occasions, two females
(say, again, Hannah and Nimi) fight and then separate without grunt-
ing or reconciling in any way. In the test trial, we simulated vocal rec-
onciliation by playing Hannah'’s grunt to Nimi within five minutes af-
ter their fight (in 85% of trials we were able to play the grunt within
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two minutes after the fight). We then followed Nimi for half an hour to
observe whether she approached Hannah or interacted with her. Nimi'’s
behavior in the test condition was compared against her behavior in
two control conditions. In the first control, we played no grunt to Nimi,
but simply followed her for half an hour. This control allowed us to de-
termine whether Nimi’s behavior after hearing Hannah'’s grunt was dif-
ferent from her behavior after she heard no grunt. But we also wanted
to guard against the possibility that Nimi would regard any dominant
female’s grunt as a reconciliatory signal. So, in a second control trial we
played the grunt of another dominant female unrelated to Hannah (say,
Beth) to Nimi after Hannah had threatened Nimi. We were eventually
able to complete a full set of three trials on 35 pairs, involving 17 differ-
ent subordinate subjects.

This experiment was a bit underhanded, because we were fooling
the subordinate victim into believing that her opponent had recon-
ciled with her when in fact she had not. But we were not too concerned
about the ethics of this pretense. All of the trials were conducted after
relatively minor tiffs involving a lunge or brief chase, so we did not ex-
pect that the subject would be risking life or limb if she approached her
former opponent under the delusion that she had reconciled with her.
In fact, subjects were almost never threatened when they approached
their former opponent.

Again, and for many of the same reasons, these were maddening
experiments to conduct. An additional confound was that we could not
force an interaction or compel the females to meet, as we might have
been able to do with captive animals. We just had to hope that they
would come near each other. In fact, we got lucky. In 74% of trials the
subordinate victim and her opponent did come to within two meters of
each other in the ensuing half hour. When they did, the subordinates’
behavior indicated clearly that they had interpreted the playback of
their opponent’s grunt as a signal of reconciliation.

After hearing their opponent’s grunt, subjects approached their op-
ponent and tolerated their opponent’s approaches—by not moving
away—at significantly higher rates than they did under baseline condi-
tions, when no aggression had occurred (Cheney and Seyfarth 1997).
These results were consistent with our observational data, which indi-
cated that rates of approaching and grunting increase substantially after
conflict (Silk et al. 1996). Apparently, a reconciliatory grunt causes sub-
ordinate females not just to relax but to seek out their former opponent.

In contrast, if subjects heard either no grunt or the grunt of a dif-
ferent dominant female, they continued to avoid their opponent and
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retreated from her approaches. Subjects approached their former op-
ponent in only 2% of the follows conducted after playback of either no
grunt or the control female’s grunt. In contrast, they did so in 42% of
the follows conducted after playback of their opponent’s grunt.

But subjects did not alter their disposition toward any female whose
grunt they heard, because hearing the control female’s grunt caused no
change in their behavior. After playback of the control female’s grunt,
subjects did not approach that female at higher rates or attempt to inter-
act with her. In other words, the change in their behavior was specific
to their opponent. They appeared to regard their opponent’s grunt as
directed at themselves, and acted as if they regarded the control fe-
male’s grunt as irrelevant and directed at someone else (Cheney and
Seyfarth 1997). In Chapter 8 we consider what reconciliation reveals
about baboons’ ability to read the intentions of others.

Kin-mediated reconciliation

Regardless of their dominance rank, group life is essential for all female
baboons. Their reproductive success is determined primarily by preda-
tion and infanticide, and females can diminish the deleterious effects
of these twin selective pressures by establishing and maintaining close
bonds with kin, adult males, and other adult females. Reconciliation
serves the important function of minimizing and ameliorating the dis-
ruptive effects of aggression, restoring tolerance among females, and
maintaining group cohesion. In baboons, however, direct reconciliation
between opponents and their victims occurs relatively infrequently, af-
ter only 10-13% of conflicts (Silk et al. 1996; Wittig et al. 2007a). This
low frequency may arise in part because subordinate victims tend to
steer clear of their opponents after a dispute in apparent fear that the
attack will be renewed.

Interestingly, though, a close relative of the aggressor may often at-
tempt to reconcile with the victim by hugging or grunting to her soon
after the conflict ends. (Aficionados of Jane Austen’s Pride and Preju-
dice will doubtless recall that when Bingley spurns Jane Bennett, she
receives the most devastating—and condescending—*“reconciliatory”
gestures from Bingley’s sister, Caroline.) Among the Okavango baboons,
kin-mediated reconciliation occurs roughly twice as often as direct rec-
onciliation by the aggressor herself (Wittig et al. 2007a). If victims treat
a friendly gesture or vocalization from their opponent’s kin as a proxy
for reconciliation with the opponent herself, then reconciliation among
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female baboons occurs following 30-40% of conflicts, a level similar to
that found in chimpanzees, where dominance relations among females
are less despotic and nepotistic (reviewed by Wittig and Boesch 2003;
see also Aureli and de Waal 2000). In Chapter 6, we describe playback
experiments to test this hypothesis.

Rank, social networks, bereavement, and stress

In humans, two classes of causal agents interact to promote stress: physi-
cal agents, like smoking, excess alcohol, or a diet high in cholesterol,
and psychological agents, like chronic tension at work or a death in the
family, that exacerbate the damage to already weakened cardiovascular
and immune systems. The interaction between physical and psycho-
logical factors is well known (see Sapolsky 2004 for review). Many of
these psychological agents can be seen clearly in Michael Marmot’s
(2004) long-term study of health and longevity in over ten thousand
British civil servants. Marmot followed civil servants of all ranks, from
less well-educated, blue-collar workers to those at the upper reaches of
government service. He found the usual relation between health and
physical agents like smoking, alcohol, and diet, but even more striking
was the link between health and socioeconomic status (SES): employees
at the bottom ranks of the civil service were roughly four times more
likely than those at the top to suffer from cardiovascular disease and to
die at any given age.

The reason for this had little to do with differences in health care.
The subjects in Marmot’s study were all well-paid government employ-
ees in a country with an established national health care service. And
the gradient between SES and health remained even when Marmot con-
trolled for factors like smoking, alcohol, and diet. These results have
been replicated in many other countries. Regardless of the level of health
care they receive, people on the lower rungs of the socioeconomic scale
experience poorer health.

The cause appears to be stress. The lives of people at the bottom of
the SES gradient differ from those at the top in three important re-
spects: control, predictability, and social support. Even when they live
in relatively affluent societies, poorer people often see themselves as
comparatively powerless, with little control over their lives and an in-
ability to predict what will happen next. Furthermore, with some no-
table exceptions, poor people as a group often have less well-developed
networks of social support. They are more likely to live alone, and even
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when they do live with others their friends and family are often also
poor or unhealthy, and unable to offer the kind of social and material
support that would buffer someone from a stressful event like the loss
of a job, divorce, or the death of a close companion. Low socioeconomic
status per se does not cause stress. Instead, stress results from the lack of
control and support that are correlated with low status (Marmot 2004).

Like Marmot’s civil servants, baboons go about their daily lives in
an unconstrained manner. They differ in social status, and these differ-
ences are correlated with differences in their access to resources. They
also have support networks of varying size and strength. Finally, like
civil servants, baboons are subject to a variety of social and environ-
mental stressors—including the loss of rank, predation, and infanti-
cide—that are unpredictable and uncontrollable and have a significant
effect on survival and reproduction.

But while unpredictability and the loss of social support are highly
stressful to baboons, low-ranking animals do not necessarily experi-
ence the most stress. Indeed, numerous studies of nonhuman primates
have revealed no clear relation between dominance rank and glucocor-
ticoid levels. Instead, rank instability, the degree to which dominants
harass subordinates, and levels of social support appear to play more
important roles (reviewed by Abbott et al. 2003; Goymann and Wing-
field 2004; Sapolsky 2005). As we mentioned earlier, low-ranking male
baboons exhibit higher glucocorticoid levels than high-ranking males
when the dominance hierarchy is stable, but during periods of rank in-
stability, when the reproductive control enjoyed by high-ranking males
is threatened, it is high-ranking males who experience the most stress.

When captive female macaques are housed in extremely cramped
and confined conditions with unfamiliar cage-mates, the females that
fall to the bottom of the hierarchy manifest all of the classic symp-
toms of depression: they huddle by themselves, their glucocorticoid
levels skyrocket, their hypothalamic-pituitary-adrenal axis is severely
disturbed, they cease to cycle, and they die at high rates (Shively et al.
2005). But the females in these experiments do not at all resemble
those living in stable social groups, because under more normal condi-
tions subordinate females show little evidence of rank-related stress or
lowered reproduction (e.g., Stavisky et al. 2001; reviewed by Sapolsky
2005). There is no evidence, from either the Okavango or other areas of
Africa, that low-ranking female baboons have generally elevated gluco-
corticoid levels (Weingrill et al. 2004; Beehner et al. 2005; Engh et al.
2006a,b). They do, however, experience stress when their ranks are at
risk of changing. As with humans and male baboons, what is stressful
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to female baboons is not low rank per se, but the unpredictability and
loss of control associated with rank instability.

Indeed, compared with both males and captive females living under
very unnatural conditions, free-ranging female baboons lead relatively
amiable and tranquil lives. While daily life is not entirely egalitarian,
the interests of high- and low-ranking females coincide to a considerable
degree. In most species of Old World monkeys the correlation between
female rank and reproductive success is only weakly positive (reviewed
by Silk 2002; Cheney et al. 2004). As a result, high- and low-ranking
females are equally likely to have close relatives available for social sup-
port (Silk et al. 2003, 2006a,b). High-ranking female baboons can vent
frustration on more targets than can low-ranking females, but the level
of harassment they impose upon low-ranking females is moderate.

The greatest stressors affecting female baboons are unpredictable
events over which they have little control: predator attacks and infan-
ticide. And, as we have discussed, those individuals who are most di-
rectly affected by these events—females who have lost a close relative
and lactating females whose infants are at risk—experience the greatest
stress. In response to these stressors, female baboons take active steps to
broaden and strengthen their social networks. Lactating females at risk
of infanticide attempt to establish a close friendship with an adult male,
and those who succeed in doing so show significantly lower glucocorti-
coid levels.

The importance of social support during times of stress is particu-
larly evident when a female loses a close relative to predation. In hu-
mans, bereavement and feelings of loneliness are associated with in-
creased cortisol production, declines in immune responses and, in some
cases, increased mortality (e.g., Irwin et al. 1987; Cacioppo et al. 2000;
McCleery et al. 2000; reviewed in Segerstrom and Miller 2004). These
effects, however, can be mitigated by social support (Thorsteinsson
and James 1999). Social support seems to be particularly important for
women'’s mental health (Taylor et al. 2000; Kendler et al. 2005). Social
support is also important for the health and reproduction of nonhu-
man primates. When captive female macaques are socially isolated or
placed into a novel group, they experience increased stress. This stress
can be dampened considerably by the presence of a preferred grooming
partner (Gust et al. 1994). The same is true of Okavango baboons.

As we described in Chapter 3, female baboons who lose a close relative
to predation experience elevated glucocorticoid levels. This increase,
though, is only evident in the month following their relative’s disap-
pearance; by the second month, glucocorticoid levels have returned to
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baseline. The relatively temporary effect of a relative’s loss on females’
stress levels seems to occur because bereaved females attempt to cope
with their loss by extending their social network.

Because females concentrate much of their grooming on close kin,
we initially predicted that females who had lost a close female relative
would show a decrease in the number of grooming partners. Instead,
the opposite occurred. When we examined the grooming behavior of
bereaved females during the three months immediately following their
loss, we found that both their number of grooming partners and their
grooming rate increased significantly compared with the months be-
fore. In contrast, control females in the same reproductive state showed
no such increase (Engh et al. 2006b). Apparently, bereaved females at-
tempted to compensate for the loss of a grooming partner by broaden-
ing and strengthening their grooming networks.

These attempts were particularly poignant in the case of Sylvia,
the erstwhile “Queen of Mean.” By the time that her daughter Sierra
was Kkilled by a lion, Sylvia was 21 years old and had lost some of her
malevolent edge. When Sierra died, Sylvia seemed to become visibly
despondent—Sierra had been her primary grooming partner (Fig. 19).
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Figure 19. After Sierra was killed by a lion, Sylvia lost her primary grooming partner. Photograph
by Anne Engh.
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Soon, however, Sylvia embarked on a grooming campaign. She began to
approach other females, uncharacteristically grunting and attempting
to groom them. Her particular partner of choice was, oddly, Atchar, a
member of the low-ranking Balo matriline. But Sylvia’s reputation had
evidently preceded her and establishing this new relationship was not
easy. Atchar usually fled in panic whenever Sylvia approached giving
her rusty, raspy grunts.

From a physiological standpoint, it is not surprising that females
attempt to establish bonds with other females after the loss of a com-
panion, and that this increase in social contact has a stress-reducing
effect. It is well established that the stress response in both animals and
humans can be mitigated by social contact and affiliation (Sapolsky
et al. 1997; reviewed by Carter 1998; Panksepp 1998; Aureli et al. 1999).
The pituitary hormone oxytocin, which can be released by physical
contact (Uvnas-Moberg 1997), seems to play an important role in affilia-
tion-mediated stress reduction, and its effect is particularly pronounced
in females (reviewed by Taylor et al. 2000). Oxytocin both inhibits the
release of glucocorticoids and promotes affiliative behavior, including
not only maternal behavior but also an increased tendency to associate
with other females.

The data on bereavement in baboons are especially interesting be-
cause previous studies of stress and social isolation in animals have
been conducted on group-living animals deprived of all social compan-
ions. In contrast, the Okavango baboons who lost a close companion
were more similar to humans experiencing loss, because they were not
separated from their social group and could still interact with other
relatives and companions. Even in the presence of familiar group-mates
and other kin, however, these females experienced a stress response,
and they apparently sought to alleviate it by broadening and strength-
ening their social relationships. Similar behavior occurs in the Am-
boseli baboon population, where females who lose a close relative seek
to establish relationships with more distant kin, and those who lack
even distant kin seek to establish relationships with unrelated females
(Silk et al. 2006a,b).

The stress response is adaptive over the short term in large part
because it induces individuals to take active measures to alleviate it. But
because it is harmful if maintained over long periods of time, the stress
response is also highly selective. Confronted with an array of poten-
tial stressors, male and female baboons each exhibit elevated glucocor-
ticoids only in response to those events that directly affect their own
survival and reproduction.
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In the Okavango, a female’s lifetime reproductive success is deter-
mined primarily by longevity (which depends largely on predation) and
infant survival (which depends largely on infanticide). A female’s rank is
relatively unimportant in determining her reproductive success, though
it may play a crucial role in years of drought or poor floods. Perhaps as a
result, females exhibit a stress response primarily to predation and the
threat of infanticide, and, to a lesser extent, rank instability. Conversely,
females do not show a stress response to several events that do not di-
rectly affect them, even though they cause a general uproar in the group
at large: instability in the ranks of natal and other resident males; the
immigration of a potentially infanticidal male when the female does
not have a vulnerable infant; and instability in the female dominance
hierarchy if the female’s own status is unaffected.

Adult males show a similarly egocentric stress response. A male’s life-
time reproductive success is determined primarily by his dominance
rank and, to a lesser extent, his longevity. Mirroring these selective pres-
sures, male glucocorticoid levels are most strongly affected by immigra-
tion, instability in the male dominance hierarchy, and predation.

Baboons’ stress responses also demonstrate that even environmen-
tal challenges like predation are inextricably linked with social ones.
To survive and reproduce, baboons must not just avoid predation and
find sufficient food to support themselves and their infants; they must
also create, manage, and maintain the social relationships that buffer
and support them in these endeavors. Marais may have been overstat-
ing matters when he described the life of a baboon as “one continual
nightmare of anxiety.” But however purple his prose, one thing is clear:
in baboons, as in humans, many causes of stress—and all of its allevia-
tion—are fundamentally social.
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Social Knowledge

He knew all the ramifications of New York’s cousinships; and could not only
elucidate such complicated questions as that of the connection between the
Mingotts (through the Thorleys) with the Dallases of South Carolina, and that
of the relationship of the elder branch of Philadelphia Thorleys to the Albany
Chiverses..., but could also enumerate the leading characteristics of each fam-
ily; as, for instance, the fatal tendency of Rushworths to make foolish matches.
EDITH WHARTON, 1920: THE AGE OF INNOCENCE

Like the doyens of Edith Wharton’s New York society,
baboons must master a formidable social calculus if they
are to survive and reproduce. Throughout the Okavango
Delta, each group of baboons has its own version of the
“50 families” that made up New York society, arranged—as
Wharton would have appreciated—in a linear dominance
rank order based on matrilineal inheritance. In the Oka-
vango as in New York, social ranks among females may be
stable for years or even generations, only to erupt suddenly
in a challenge to the existing order that pits one extended
family against another. The ranks of males who have left
their families to live elsewhere seem always in flux.
Cutting across female baboons’ largely predictable rela-
tions based on rank and kinship are more transient social
bonds. Some are formed between low- and high-ranking
females from different families who groom and form alli-
ances with each other. Ruby’s friendship with the ageing
termagant Sylvia, described in Chapter 5, is a good exam-
ple. Others arise when a male and female form a sexual
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consortship, or when a female with a young infant forms a friendship
with a male for protection against infanticide. These cross-family ties,
sexual liaisons, and friendships come and go, like the flings, trysts, and
Machiavellian alliances in any soap opera.

What sort of intelligence is required to navigate this social landscape?
Baboons certainly seem to know a great deal about their companions,
but this could just be anthropomorphism on our part. After all, when
we see a center fielder move instantly and effortlessly to the spot where
a fly ball is about to land, we might be tempted to conclude that he is
calculating the instantaneous rate of change in a parabolic function.
But that is probably not what is going on in his mind. He executes his
catch unthinkingly, without explicit deliberation (McBeath et al. 1995).
In a similar manner, baboons’ apparently sophisticated knowledge of
rank, kinship, and other social relations might be based on a few simple
unconscious, implicit rules governed by learned associations. In this
chapter we take a closer look at baboons’ knowledge of their social com-
panions and examine the mechanisms that underlie it.

Knowledge of other animals’ dominance ranks

As we saw in Chapters 4 and 5, linear, transitive dominance relations
are a pervasive feature of baboon society. To place herself within this hi-
erarchy, a baboon might simply take note of who is dominant and who
is subordinate to herself and leave it at that. Alternatively, she might
also distinguish among the relative ranks of others, recognizing, for
instance, not only that she is subordinate to Sylvia and dominant to
Balo, but also that Sylvia is subordinate to Swallow and Balo dominant
to Jeanette. If rank were determined by a physical attribute like size, rec-
ognizing other individuals’ relative ranks would be easy. Among female
baboons, however, there is no relation between rank and size, condi-
tion, or age. As a result, the problem is considerably more challenging.

There are hints from their behavior that monkeys do recognize other
individuals’ relative dominance ranks. Vervet monkey females, for ex-
ample, solicit grooming from others by presenting a part of their body
to them. The solicited individual may or may not accept the invita-
tion. In general, females are most likely to accept the solicitations of the
highest-ranking female, next most likely to accept those of the second-
ranking female, next most likely to accept those of the third-ranking
female, and so on down the line (Seyfarth 1980). Monkeys also seem
to be aware of their own dominance ranks relative to others. When a
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dominant female vervet or baboon approaches two lower-ranking fe-
males who are grooming, it is almost invariably the lower-ranking of
the two groomers who moves away (Cheney and Seyfarth 1990, 2005).
In so doing, the lower-ranking female behaves as if she recognizes that
although both she and her grooming partner are lower-ranking than
the approaching female, she is the more subordinate. In turn, the fe-
male who remains seated behaves as if she recognizes that she is rela-
tively more dominant than her erstwhile grooming partner. This kind
of evidence is, of course, not definitive. Perhaps the more subordinate
female moves away not because she recognizes her own relative rank
but because she is now surrounded by not one but two females who
outrank her.

Knowledge of other individuals’ ranks is also evident in monkeys’
choice of alliance partners. As we have mentioned, female vervets, ma-
caques, and baboons typically support the higher-ranking of the two
opponents when forming alliances with lower-ranking individuals
(Cheney 1983; Chapais 2001; Silk 2002). Similarly, when recruiting alli-
ance partners, monkeys often appear to be assessing not only their own
rank relative to a potential ally but also the rank relation between the
ally and their opponent. In her study of captive male bonnet macaques
(Macaca radiata), for example, Silk (1993, 1999) observed that males con-
sistently tried to recruit allies that outranked both themselves and their
opponent. Furthermore, their choice of alliance partner varied depend-
ing on the rank of their opponent. If a male was involved in a fight with
the seventh-ranking male, he would attempt to solicit the aid of, say,
the fifth-ranking male. But if his opponent was the 12th-ranking male,
he would attempt to recruit the ninth-ranking one. If the male dom-
inance hierarchy had remained stable, memorizing each male’s rank
might not have been a difficult task, but each month roughly half of the
16 males changed rank. The males’ behavior suggests that they carefully
monitored all aggressive interactions and constantly updated their list
of ranks.

But these are all observational accounts, open to multiple interpreta-
tions. To test baboons’ knowledge of rank relations more directly, Joan
Silk and we designed an experiment that took advantage of the fact that
baboon vocalizations are individually distinctive and predictably used
only in certain contexts.

As we have mentioned, high-ranking female baboons often grunt as
they approach mothers and try to handle their infants (Chapter 5). These
grunts seem to facilitate social interactions by appeasing anxious moth-
ers, because lower-ranking mothers are much less likely to move away
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Figure 20. Low-ranking females often give fear barks when higher-ranking individuals attempt
to handle their infants. Infant handling is usually considerably gentler than this. Photograph by
Adrian Bailey/Aurora.

if the approaching female grunts (Cheney et al. 1995b). Occasionally,
though, in spite of the higher-ranking female’s friendly grunts, a low-
ranking mother will utter a fear bark as the female approaches (Fig. 20).
Fear barks are unambiguous indicators of subordination: a female never
gives them to someone who ranks lower than she. These vocal interac-
tions set the stage for a playback experiment based on what psycholo-
gists call a “violation of expectation” paradigm.

Violation of expectation tests first became prominent in studies of
cognitive development in human infants. In a typical experiment, a
four-month-old sits on her mother’s lap, facing a small TV screen. As
the baby watches, a solid rectangle appears on the screen with a vertical
rod behind it. Parts of the rod stick out above and below the rectan-
gle. The rod oscillates back and forth like a metronome, to the left and
right, behind the rectangle. The display continues until the baby begins
to look elsewhere, presumably because she has lost interest. Suddenly
the display changes and the rectangle is removed. In the control condi-
tion, the rod is still there, oriented in the same way and moving back
and forth as before. By contrast, in the experimental condition the baby
now sees that in fact there were two pieces of rod behind the rectangle
that moved back and forth in unison. Babies look for much longer at
the broken rod than at the intact rod, presumably because they find it
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surprising. Their surprise suggests that they had assumed, as any adult
would, that the rod behind the rectangle was a single piece. The broken
rod thus violated their expectations. Experiments like these reveal that
even very young infants have expectations about how physical objects
behave: if two identical objects move in unison behind an occluder,
they must be connected (e.g., Kellman and Spelke 1983).

The logic behind such experiments is this: If you want to know
whether an organism knows p, present it with evidence that p is true.
The organism should not be surprised—that is, it should not react
strongly. Then, in a test that is as similar as possible to the first, present
it with evidence that p is false. Now it should respond with surprise or
puzzlement or by seeking additional information, because these new
data are at variance with what it thinks to be true.

Applying this logic to baboons, we created call sequences mimicking
an interaction that violated the female dominance hierarchy. The se-
quence consisted of a series of grunts originally recorded from a lower-
ranking female (say, the eighth-ranking Shashe) combined with a series
of fear barks originally recorded from a higher-ranking female (say, the
third-ranking Beth). This sequence violated the female dominance hi-
erarchy because Beth would never give fear barks to the likes of Shashe.
As a control, we retained the anomalous sequence, but added the grunts
of a third female (say, the alpha female Stroppy) who ranked higher
than Beth. This sequence was consistent with the female dominance
hierarchy, because it mimicked a scenario in which Stroppy and Shashe
were both grunting to Beth and Beth was giving fear barks to Stroppy.
In trials separated by several days, we played both sequences to an un-
related female (say, the 17th-ranked Amelia) and filmed her response.

We should reemphasize here that most, if not all, of the vocalizations
given by baboons—and indeed other primates, mammals, and birds—
are individually distinctive (Hammerschmidt and Todt 1995; Rendall
et al. 1996; Owren et al. 1997; Fischer 2004; reviewed in Snowdon 1990;
Hauser 1996; Bradbury and Vehrencamp 1998; Ghazanfar and Santos
2004). Thus, when a baboon hears a fear bark, grunt, threat-grunt,
scream, bark, or wahoo, she extracts information not only about what is
occurring but also about the caller’s identity. This information is crucial,
because it strongly influences how the listener will respond. Depending
upon who is giving a threat-grunt, for example, a listener may decide to
enter the dispute and form an alliance, to ignore the interaction, or to
beat a hasty retreat.

On the assumption that baboons recognize other individuals’ domi-
nance ranks, we predicted that subjects would respond with surprise—
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by looking in the direction of the loudspeaker for a longer duration—
when they heard the sequence that violated the female dominance hi-
erarchy. In contrast, when they heard the sequence that was consistent
with the hierarchy, they should respond with a short ho-hum glance, if
they even looked at all. We played the paired sequences to 18 females,
using nine different pairs of consistent and inconsistent call sequences.
Subjects looked in the direction of the loudspeaker significantly longer
when they heard the sequence that suggested a reversal in female domi-
nance ranks (Cheney et al. 1995a). They seemed to recognize who out-
ranked whom and responded more strongly when their expectations
were violated.

One might, of course, argue that subjects responded to the anoma-
lous grunt-fear bark sequence because they had never heard that par-
ticular combination of call types and signalers before. But the control
sequence preserved this anomaly; it simply added another female’s calls
to make the sequence logical with respect to the female dominance
hierarchy. We could also rule out the possibility that call sequences that
violated the existing hierarchy were more salient, because the consis-
tent sequences were actually of longer duration than the inconsistent
ones. There was also no relation between subjects’ responses and the
particular signalers involved.

Independent support for the hypothesis that baboons recognize other
individuals’ dominance ranks comes from experiments carried out with
Dawn Kitchen. To test the hypothesis that males recognize the rank
relations that exist among other males, individual males were played
sequences of wahoos that mimicked a contest between either adjacently
ranked or disparately ranked males. To control for the fact that wahoo
contests involving adjacently ranked males occur more often than those
involving males of disparate ranks (Chapter 4), only the calls of adja-
cently and disparately ranked males who had interacted at the same rate
during the past six months were used in the experiments.

High-ranking male subjects responded significantly more strongly
to the playback of a wahoo contest between males of disparate ranks
than to the playback of a contest between males of adjacent ranks. This
result might have arisen because adjacently ranked males compete with
one another in many different contexts, whereas males of disparate
ranks tend to compete only when the resource at stake is highly valued—
meat, a sexually receptive female, or an infant vulnerable to infanticide.
Whatever the explanation, results suggested that males recognize each
other’s wahoos and can assess the distance in rank between any two
males (Kitchen et al. 2005b). The result is particularly striking because,
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like the male bonnet macaques described earlier, male baboons change
ranks often.

Knowledge of other animals’ kinship relations

Baboons and other monkeys doubtless recognize their own kin, or close
associates. (For ease of discussion, we will use the term “kin” as a proxy
for “close associate.”) A baboon group, however, is comprised of many
adult females and juveniles, each of whom maintains close bonds with
her own kin. Can baboons recognize the close bonds that exist among
others? Can they take a non-egocentric perspective of their social group
and recognize its many different social networks?

Some of the first evidence that monkeys recognize other individuals’
social relations emerged as part of a relatively simple playback experi-
ment conducted many years ago to test individual vocal recognition
in vervet monkeys. We had noticed that mothers often ran to support
their juvenile offspring when the offspring screamed during aggressive
interactions or rough play. This observation suggested that mothers rec-
ognized their offspring’s calls, but we wanted to test the idea experimen-
tally. So we conducted a playback experiment in which we played the
distress scream of a juvenile vervet to a group of three adult females, one
of whom was the juvenile’s mother. As expected, mothers consistently
looked toward or approached the loudspeaker for longer durations than
did the two control females. But we also found that control females of-
ten looked at the mother when they heard the juvenile’s call, and they
sometimes reacted even before the mother herself had responded. They
behaved as if they associated the call with a specific juvenile, and that
juvenile with a specific adult female (Cheney and Seyfarth 1980; for an-
other, more elegant experiment on captive macaques, see Dasser 1988).

Years later we tried to replicate this result with baboons. In these ex-
periments, two unrelated adult females served as subjects. By definition,
one was dominant to the other. For each pair of subjects, we created
three sequences of calls consisting of two other individuals’ threat-
grunts and screams. This call combination was designed to mimic a
common aggressive interaction in which a higher-ranking baboon gives
threat-grunts to a lower-ranking animal and the lower-ranking animal
screams. In the first control condition, both of the apparent combatants
were unrelated to the subjects. In the second, one of the combatants was
a close relative of the dominant subject, while the other was unrelated
to either female. In the third, test, condition, one of the combatants was
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a close relative of the dominant subject and the other was a close rela-
tive of the subordinate subject.

In conducting these trials, we first ensured that the individuals whose
calls were to be played were not in the immediate vicinity (within 50
meters). We then waited until both subjects were seated within roughly
seven meters of each other but not interacting, and then played one of
the call sequences. We were eventually able to play all three sequences
to 26 pairs of females.

When we played the sequence that mimicked a dispute between two
individuals unrelated to the subjects, they showed little or no reaction.
When we played the sequence that involved a relative of the dominant
subject, the subordinate looked at the dominant, as if she recognized
that the fight involved that female’s relative. The dominant, however,
rarely looked at the subordinate (why should she?). But when the squab-
ble involved their relatives, both females looked at each other, as if they
were asking, “Hmm. Your relative is fighting with mine. What are we go-
ing to do about this?” Equally striking, the dominant subject was more
likely to seek out the subordinate subject and supplant her in the half
hour that followed these trials than in the half hour that followed the
two control sequences. In other words, both subjects behaved as if they
recognized that a conflict between their families had occurred, and that
this conflict was temporarily disrupting their relationship. Conversely,
there was a greater tendency for both the dominant and the subordinate
subject to approach each other and interact in a friendly manner fol-
lowing the two control trials than following the test trial (Cheney and
Seyfarth 1999).

These experiments provide direct support for the hypothesis that ba-
boons recognize other individuals’ kin. They also suggest that females’
behavior is influenced not just by their own recent interactions but also
by the recent interactions of their relatives. Evidently, just hearing a
particular type of interaction is sufficient to change baboons’ behavior
toward other group members.

Vocal alliances

Natural patterns of aggression also reflect monkeys’ knowledge of their
group’s social networks. As we mentioned in Chapter 5, in many mon-
key species an individual who has just threatened or been threatened by
another animal will often redirect aggression by attacking a third, previ-
ously uninvolved, individual. Judge (1982) was the first to note that redi-
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rected aggression does not always occur at random. He found that rhesus
macaques do not simply threaten the nearest subordinate individual,
but that they target a close matrilineal relative of their recent opponent.
Similar kin-biased redirected aggression occurs in Japanese macaques
(Aureli et al. 1992) and vervets (Cheney and Seyfarth 1986, 1989).

Baboons also show their knowledge of other individuals’ kinship re-
lations in their responses to “vocal alliances.” As we mentioned earlier,
like others before us we had been puzzled by the fact that adult female
baboons form alliances at relatively low rates. They do, however, appear
to form “vocal alliances,” by uttering threat-grunts when they see one
female threaten another. Often, the vocal bystander is a close relative
of the more dominant female (Wittig et al. 2007b), suggesting that she
is supporting her relative, but because she is usually glaring balefully
at both of the combatants it is difficult to determine objectively whom
she is threatening. Together with Roman Wittig and Cathy Crockford,
therefore, we designed another playback experiment to test this hy-
pothesis. Thirteen females served as subjects.

Each subject was played the same higher-ranking female’s threat-
grunts under three different conditions. In the “kin support” condition,
the subject heard the female’s threat-grunts within five minutes after
she had been threatened by that female’s close relative (sister, mother,
or daughter). So, for instance, if Comet had threatened Leko, Leko would
hear the threat-grunts of Comet’s sister, Charade. We compared Leko’s
response in this condition with her responses in two other conditions.
In the “non-kin support” condition, Leko again heard Charade’s threat-
grunts, but this time after she had been threatened by a dominant fe-
male from a different matriline (say, Sylvia). In the control condition,
Leko heard Charade’s threat-grunts after she had either groomed with
or engaged in a friendly interaction with Comet.

On the assumption that bystanders’ threat-grunts function as vocal
alliances, we predicted that, following an aggressive interaction, sub-
ordinate subjects would infer that the threat-grunts were directed at
themselves and causally related to the recent dispute. In contrast, in the
absence of a recent dispute, we predicted that they would infer that the
threat-grunts were directed at someone else. We therefore predicted that
subjects would respond more strongly to the call playbacks and avoid
the aggressor and her matrilineal relatives for a longer period of time
after being threatened than in the absence of a recent fight. If kin and
non-kin vocal alliances are equally effective, subjects’ responses in the
Kin support and non-kin support conditions should have been similar.
If, however, kin support is more effective than non-kin support, sub-
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jects should have responded more strongly to the same female’s threat-
grunts after being threatened by that female’s close relative than after
being threatened by a female unrelated to the signaler.

After receiving aggression, subjects responded strongly to the threat-
grunts of their aggressor’s relative. They looked back and forth toward
the speaker for a much longer period than they did in the other two
conditions. In addition, in the next hour they avoided both their ag-
gressor and other members of their aggressor’s matriline. If they did
come into proximity of a member of this matriline, they behaved sub-
missively. In contrast, hearing the threat-grunts of a dominant female
unrelated to their aggressor had little effect on subjects’ behavior.
Similarly, if they had not recently been threatened, subjects ignored
the threat-grunts and did not try to avoid the signaler or her relatives
(Wittig et al. 2007b).

When inferring whether a threat-grunt is directed at themselves or
at someone else, therefore, subordinate female baboons appear to take
into account the signaler’s identity, her relationship with her opponent,
and the nature of recent interactions. If they have recently been threat-
ened by a more dominant female, they treat the threat-grunts from that
female’s close relative as an additional threat against themselves. As a
result, the threat-grunts of kin function as vocal alliances. In contrast,
if they have not recently been threatened, or if they have been threat-
ened by a female unrelated to the signaler, they seem to assume that
the threat-grunts are directed at someone else (Fig. 21). We take up the
interesting issue of baboons’ inferences about the intended target of a
vocalization in Chapter 8.

Kin-mediated reconciliation

Female baboons often grunt to the victims of their relatives’ aggression,
as if acting as proxies for their relatives. Indeed, kin-mediated recon-
ciliation occurs at double the rate of direct reconciliation (Chapter 5).
Kin-mediated reconciliation might substitute for direct reconciliation
when aggressors are not motivated to initiate friendly contact or when
victims avoid their aggressor’s approaches. In chimpanzees, postcon-
flict friendly behavior by an uninvolved bystander toward the victim
of aggression has operationally been termed “consolation” (Wittig and
Boesch 2003) and has in some cases been taken as evidence for em-
pathy (Preston and de Waal 2002; see also de Waal and Aureli 1996).
The apparent absence of consolation in monkeys has, in turn, been
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Figure 21. In large social groups, it can be difficult for individuals to determine when a grunt is
directed at them as opposed to someone else. Photograph by Adrian Bailey/Aurora.

interpreted as evidence that monkeys are unable to empathize because
they cannot attribute mental states like fear or anxiety to others. This
explanation is controversial, however, in part because there is no clear
evidence that even chimpanzees are able to attribute mental states dif-
ferent from their own to others. We discuss this somewhat contentious
issue in Chapter 8.

Before debating the existence—or lack—of empathy and consolation
in monkeys, it is first essential to demonstrate that the victims of ag-
gression do in fact accept a friendly overture by the relative of their
aggressor as a substitute for reconciliation by the aggressor herself. To
examine this question, we designed another playback experiment.

In this experiment, females who had recently been threatened by a
more dominant female heard the grunt of one of their aggressor’s close
female relatives (the “reconciling relative,” for ease of discussion), to
mimic kin-mediated reconciliation (Wittig et al. 2007a). In the control
condition, they heard the grunt of a dominant female from another
matriline. On the assumption that subjects would treat the reconciling
relative’s grunt as a proxy for direct reconciliation with their aggressor,
we predicted that they would be more likely to approach their aggres-
sor, tolerate her approaches, and interact in a friendly manner with
her after hearing the reconciling relative’s grunt than after hearing the
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grunt of the unrelated female. Again, all trials were conducted within
five minutes of the dispute, after the subject had separated from her ag-
gressor and was out of sight of the aggressor and all of her relatives.

Subjects responded as if they assumed that the reconciling relative’s
grunt was directed at them and was causally related to the recent fight.
Upon hearing the grunt of their aggressor’s close relative, female ba-
boons looked toward the speaker more often and for a longer duration
than upon hearing the grunt of a female unrelated to their aggressor.
Furthermore, in the hour following playback of the reconciling rela-
tive’s grunt, subjects’ latency to tolerate their aggressor’s proximity was
significantly shorter, and their first interaction with the aggressor was
significantly less likely to be submissive. Their disposition toward the
reconciling relative was also affected. After hearing this female’s grunt,
subjects’ first interaction with her was less likely to be submissive than
if they had heard the grunt of another dominant female. Subjects either
approached or tolerated the approach of their aggressor or the reconcil-
ing relative in 12 (75%) test trials, compared with only one (6%) control
trial. In four of these test trials, they also engaged in friendly behavior,
such as embracing or grooming, with the aggressor.

Interestingly, although the grunt of the reconciling relative func-
tioned to reconcile subjects with their aggressor, they did not generalize
their response toward all members of those two females’ matriline. Sub-
jects were not more likely to tolerate the proximity of other members of
the aggressor’s matriline after hearing the reconciling relative’s grunt
than after hearing the grunt of the unrelated female.

Similarly, as in our other experiments on direct reconciliation (Chap-
ter 5), subjects did not simply alter their disposition toward any indi-
vidual whose call they heard, because their behavior toward the con-
trol female was unaffected by that female’s friendly grunts. They were
not more likely to approach the control female, nor were they more
likely to tolerate her approaches. Perhaps because they had not recently
interacted with the control female, subjects seemed to interpret that
female’s grunt as irrelevant to the recent fight and directed at someone
else (again, see Chapter 8 for further discussion of this question). In
contrast, even though they had also not recently interacted with the
reconciling relative, they treated this female’s grunt as relevant to the
dispute. Apparently, the relative’s close bond with the aggressor was suf-
ficient to cause subjects to infer that the grunt must be directed at them
(Wittig et al. 2007a).

Call type was also important. Although the reconciling relative’s
grunt caused subjects to tolerate their aggressor’s proximity, hearing the
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same relative’s threat-grunts caused them to avoid her. Subjects were,
therefore, sensitive not only to individual identity when assessing a call,
but also to the call’s function in social interactions.

The experiments on baboons’ responses to vocal alliances and kin-
mediated reconciliation provide further evidence that baboons recog-
nize other females’ kinship relations. However, although they recog-
nize that close kin can serve as proxies for each other, they nonetheless
distinguish among the different members of a matriline. Hearing a
“reconciliatory” grunt from an opponent’s relative changes females’
disposition toward the opponent and that relative, but less so toward
other members of the opponent’s matriline. Baboons do not treat all
the members of a matriline as equivalent.

In sum, female baboons recognize other individuals’ kin (or close
associates), and they modify their interactions with other individuals
according to recent events involving those individuals’ kin. They view
their social group not just as a collection of individuals but as a network
of social relationships in which each individual is closely linked to sev-
eral others. Baboon social relationships are not, as some have suggested,
mere anthropomorphisms (Barrett and Henzi 2002, 2005): they exist

Figure 22. Brothers, like sisters, share close social bonds. Two brothers play in a rain puddle.
Photograph by Anne Engh.
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in the minds of the animals themselves. The information that baboons
acquire about their companions—and that underlies their responses to
our experiments—can be obtained only by observing the social interac-
tions that occur among others and making the appropriate deductions.
Clearly, baboons are skilled at navigating the social landscape.

Although several studies have now suggested that monkeys recog-
nize Kinship relations among other group members, we still know little
about how they do this. Monkeys might have a concept of “mother”
that is distinct from “sister.” Or they may simply evaluate others’ re-
lationships based on rates of interaction. Because animals interact at
high rates with close matrilineal relatives, this rule of thumb could al-
low monkeys to recognize other individuals’ “kin” (Fig. 22). There is
currently little evidence that monkeys discriminate kin from unrelated
animals that interact at high rates, or that they recognize other indi-
viduals’ kin by physical traits such as odor or appearance.

More transient social relations

Rank relations among baboon matrilines can remain stable for decades.
Male dominance ranks, in contrast, change often. As we have seen,
there is good evidence that males can track rank changes among others,
and that they update their list regularly, placing themselves and others
accurately in the new list.

Additional evidence thatbaboonsactively monitor short-term changes
in even very temporary relationships comes from data on males’ track-
ing of sexual consortships. As we mentioned in Chapter 4, most sexual
consortships—particularly those that occur at the height of the female’s
cycle—are formed by the group’s alpha male. Unlike male baboons in
East Africa, males in the Okavango do not form coalitions to challenge
a consort, so as long as the alpha male is with his female there is little
opportunity for other males to mate. This does not mean, however, that
other males acquiesce passively to this unhappy state of affairs. Instead,
they keep a watchful eye on the consorting pair. If the male wanders
away from his female, they dash in to attempt a quick mating. And as
soon as the alpha male abandons the female after the consortship ends,
other males vie to mate with her or to form another consortship.

Cathy Crockford and Roman Wittig conducted a playback ex-
periment to examine how closely males monitor other males’ con-
sort status, using as their stimuli male grunts and female copulation
calls (Crockford et al. 2007). Males often, but not always, grunt when
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they approach a female to mate with her, and females almost invariably
give loud copulation calls after mating. The subjects in this experiment
were nine adolescent and lower-ranking adult males, hopeful suitors all.
Each subject appeared in three separate trials: two while a high-ranking
male was involved in a sexual consortship, and the third as soon as pos-
sible—ideally within several hours—after the consortship had ended.

Playbacks were conducted when the subject was resting or feeding
on a sausage fruit or palm nut that would demand at least a few seconds’
repose. One loudspeaker was then placed approximately 20 meters to
the subject’s left and another the same distance to the subject’s right. In
the test trial, the subject heard the grunt of a consorting male (say, Nat)
played from one speaker, and then, several seconds later, his consort’s
copulation call played from the other. This sequence suggested that the
male and his consort had separated and that the female was “sneakily”
mating with another male.

The second trial was similar to the first, except that the subject heard
the grunts of a different, nonconsorting high-ranking male (say, Fat
Tony) played from the first speaker and the same female’s copulation
call played from the second. This sequence implied that the consortship
was still ongoing, but that another male was in the general vicinity—a
very common occurrence.

Finally, in the third trial, conducted as soon as possible (and always
within 24 hours) after the consortship had ended, the same subject
again heard the former consorting male’s (Nat’s) grunts and the same
female’s copulation call played from different loudspeakers. As in the
first trial, this sequence suggested that the male had separated from his
female and that she was mating with another male. After consortships
have ended, this is not at all unusual.

If males constantly monitor the status of other males’ consortships,
they should have responded most strongly to the test trial. The second
trial should have been unsurprising, because it provided no new infor-
mation about the consortship’s status. The third should also have been
unsurprising, but only if the subject was keeping a close, even obsessive,
eye on the consortship’s status.

Thisis precisely how subjects behaved. When they heard the two calls
coming from different speakers when the consortship was still ongoing,
they looked sharply toward the speaker that had played the copulation
call, and in 67% of trials rapidly approached it. Their behavior suggested
that they inferred that the consort pair had temporarily separated, that
the female was engaged in a sneaky mating, and that further mating op-
portunities might be possible.
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In contrast, subjects responded much more weakly when they heard
a nonconsorting male’s grunts and the female’s copulation call played
from different speakers. Their relative apathy suggested that they in-
terpreted this call sequence as indicating that the consortship was still
active, and that a nonconsorting male was simply nearby. This infor-
mation did not violate their expectations, nor did it signal a mating
opportunity.

Subjects’ responses were equally nonchalant when they heard the
former consort male’s grunts and the female’s copulation call played
from separate speakers after the consortship had ended, even when it
had ended only a few hours ago. Their weak responses could not be ex-
plained by a decrease in the attractiveness of the female, because in each
case the female continued to mate with lower-ranking males for several
days after the playback. Instead, the males appeared to respond weakly
because the call sequence provided redundant information: they al-
ready knew that the consortship had ended. Apparently, male baboons
are such assiduous voyeurs that they can deduce instantly, on the basis
of the spatial and temporal juxtaposition of two calls, that a female has
momentarily separated from her consort (Crockford et al. 2007).

The ability to monitor, or eavesdrop upon, the interactions of oth-
ers is thought to be adaptive because it permits animals to assess the
strength of other individuals’ allies, pair bonds, and competitive abili-
ties without engaging in potentially costly interactions. As we will see
in the next chapter, experiments have now demonstrated that a variety
of animals are able to recognize other individuals’ close associates and
dominance ranks. And this knowledge can be acquired rapidly. Chicka-
dees (Poecile atricapilla), for example, can determine the relative ranks
of two rival males after as few as six minutes’ exposure to their singing
contest (Mennill et al. 2002). It remains unclear, however, whether any
animals other than nonhuman primates are able to keep track of tem-
porary changes in highly transient relationships. Dominance ranks and
kinship relations are relatively static attributes of individuals. Consort-
ships, in contrast, are temporary and unpredictable: individual males
and females are not always involved in consortships, and their consort
status can change over very short periods of time. Baboons, however, are
able to monitor the status not only of relatively long-term kinship and
dominance relationships but also of very transient sexual relationships.

Evidence that baboons monitor very transient social relationships
reminds us that baboons do not simply memorize a few facts about each
individual’s rank and family membership and leave it at that. Instead,
faced with recurring social instability against a background of kinship
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and rank, baboons maintain a running account of each individual’s
social relationships and status. The cognitive demands of this job would
seem to be much easier if baboons could organize their knowledge hier-
archically and group other individuals into distinct categories.

Structured, hierarchical knowledge

Humans do not just recognize the relationships that exist among oth-
ers; we also classify individuals according to multiple attributes simul-
taneously. Consider the characters in Shakespeare’s Romeo and Juliet.
Romeo’s personality derives from his particular individual attributes—
he’s a romantic, self-confident male—combined with his membership
in a rich, aristocratic family, the Montagues. Juliet’s personality is, like-
wise, an amalgam of her individual traits, her status as an unmarried
teenager, and the inescapable fact that she is a Capulet. As the play
unfolds and we learn about each character’s idiosyncrasies and family
allegiances, we form expectations about the kind of social relationships
that are likely to result when any two characters come together. When
we see Mercutio teasing his friend Romeo in Act III, we dismiss the teas-
ing as trivial because the two are allied with the house of Montague.
But when Mercutio later aims his taunts at Tybalt, we regard his behav-
ior as more ominous because Tybalt is a Capulet and the dispute could
easily escalate into a bloody confrontation engulfing all the members
of both families. Our responses are guided in part by our tendency to
organize social relationships into a hierarchical structure—in this case,
familial affiliation—that is governed by a functional set of rules: quar-
rels between families are potentially much more destructive than quar-
rels within families.

Do baboons make classifications of this sort and form similar ex-
pectations about other individuals’ behavior? Do they recognize, for
example, that the individuals in their group can be classified simultane-
ously according to both their dominance rank and their membership in
a particular matrilineal family? And, if they do, can they recognize the
significance of a rank reversal between two females from different mat-
rilines? To examine these questions, Thore Bergman, Jacinta Beehner,
and we designed another experiment based on the violation of expecta-
tion paradigm.

In separate trials, 19 adult females heard three different sequences of
threat-grunts and screams, each mimicking a fight between two females
belonging to a matriline different from their own. One sequence of
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Figure 23. Examples of simulated within- and between-family rank reversals. In a typical be-
tween-family rank reversal sequence, for example, a subject might hear a member of family D
giving threat-grunts while a member of family C screamed.

calls mimicked a rank reversal between two members of the same ma-
triline (Fig. 23). A typical sequence might consist of the threat-grunts of
the 13th-ranked Champagne combined with the screams of her tenth-
ranked aunt, Hannah. The second sequence of calls mimicked a rank
reversal between two members of different matrilines. In this case, the
sequence might consist of Champagne’s threat-grunts and the screams
of the sixth-ranked Luxe. The third, control sequence of calls mim-
icked a fight that was consistent with the female dominance hierarchy.
In some control sequences the signalers were from the same matriline
(Hannah threatens Champagne); in others, they were unrelated (Luxe
threatens Champagne). Luckily, we were able to control for rank dis-
tance effects in these experiments, because the group contained several
large matrilines. As a result, some sequences involving members of the
same matriline consisted of individuals who were separated by as many
as five positions in rank. Conversely, some of the between-family rank
sequences involved females of adjacent rank.

To understand the logic behind these experiments, it is important
to remember that, for the most part, female dominance ranks are re-
markably stable over time, and that ranks within matrilines are as stable
as those between matrilines. Absolute ranks change whenever a female
matures or dies, but the relative ranks among females rarely alter. Fur-
thermore, rates of aggression within families are similar to those be-
tween families. However, when within-family rank reversals do occur,
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they typically involve only a minor social adjustment in the rank order
among sisters or mothers and daughters and have little effect on rank
relationships outside the matriline. In contrast, when a female from a
lower-ranking matriline defeats a female from a higher-ranking one, as
occurred in 2003, many members of multiple matrilines may lose or
gain rank (Chapter 5; see also Samuels et al. 1987; Chapais 1988; Cheney
and Seyfarth 1990). Between-family rank reversals are therefore much
more momentous than within-family ones.

Because rank reversals involving the members of different matrili-
nes have the potential to influence the ranks of many individuals, we
predicted that subjects would respond more strongly to sequences that
simulated a between-family rank reversal than to those that simulated
a within-family rank reversal. This is exactly what we found. Not sur-
prisingly, females also responded more strongly to between-family rank
reversals than to control sequences (Bergman et al. 2003). Subjects’
strong response to the between-family rank reversal sequences were not
due solely to the anomaly of these calls, because between-family and
within-family rank reversals are equally rare. Nonetheless, subjects re-
sponded much more strongly to the former.

These experiments provide some of the first evidence that monkeys
classify others simultaneously according to both their individual at-
tributes, like rank, and their membership in higher-order groups, like
matrilines, and that they do so in the absence of human training. Ba-
boons appear to understand that their group’s female dominance hi-
erarchy can be subdivided into familial units, and they seem to make
a sharp distinction between rank reversals within and between these
units. As a result, they appear to recognize that, although predictable
rank relationships are maintained both within and between matrilines,
the latter are qualitatively different from the former.

In their recruitment of alliance partners, too, monkeys show evi-
dence of classifying others according to both rank and maternal kin-
ship. Schino and his colleagues (2006) have found that Japanese ma-
caques preferentially attempt to recruit coalition partners who are both
higher-ranking and unrelated to their opponent. These observations
suggest that Japanese macaques, like baboons, simultaneously take into
account information about other individuals’ ranks and familial asso-
ciations when selecting the optimum alliance partner.

Monkeys’ knowledge of social structure is probably not explicit—
they cannot take a stick and draw Kinship diagrams in the sand, any
more than a four month-old human infant can explain why she as-
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sumes that two pieces of rod moving in unison behind a rectangle must
be parts of the same rod. Nonetheless, monkeys combine their knowl-
edge of rank and kinship to perceive that ostensibly similar events can
have very different consequences, some affecting the lives of only a few
individuals and others affecting the lives of many.

Reaction time, causal inferences, and the perception of intent

Three aspects of the experiments described in this chapter deserve
additional mention. First, baboons’ latency to respond to playback
sequences is often very short. Given the amount of information that
must be processed, the speed of their reactions is striking. To recognize
that the call sequence “Shashe grunts and Beth fear-barks” violates the
existing dominance hierarchy, the listener must recognize the type of
call given, consider the rules that govern the use of each call type (fear
barks are given only to higher-ranking females, while grunts may be di-
rected to either higher-ranking or lower-ranking females), identify both
signalers, and recall their respective dominance ranks. And to recog-
nize that the sequence “Champagne threat-grunts and Luxe screams”
is more portentous than “Champagne threat-grunts and Hannah
screams”—even though both sequences violate the dominance hierar-
chy—the listener must add matrilineal membership to her calculations.
Baboons make these complicated calculations very quickly, and prob-
ably unconsciously.

Second, baboons’ responses suggest that they assume a causal relation
between vocalizations that are closely spaced in time and location. If a
baboon who heard the sequence “Champagne threat-grunts and Luxe
screams” thought that these calls were juxtaposed purely by chance,
there would be no reason to respond strongly. The sequence only merits
a strong response if the listener assumes that the calls occur together be-
cause Champagne’s threat-grunts caused Luxe to scream. Baboons apply
these assessments even to indirect causal relations. If a female has re-
cently been threatened, she assumes that a “reconciliatory” grunt from
her aggressor’s relative is directly related to the fight.

Third, baboons’ responses suggest that they make inferences about
both the intended target of a signaler’s call and the signaler’s motivation
toward her. When a listener responds strongly to the sequence “Cham-
pagne threat-grunts and Luxe screams,” she acts as if she assumes that
Champagne is intending to threaten Luxe. Although this seems unex-
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ceptional for humans, researchers have only recently begun to entertain
the possibility that baboons and other monkeys might be able to attri-
bute simple mental states like intent to others. We look more closely at
this problem in Chapters 8 and 9.

Social skills are adaptive

If natural selection has led to the evolution of social skills, we should
expect to find evidence that these skills increase individuals’ reproduc-
tive success. As we discussed in Chapter 5, evidence in support of this
hypothesis is beginning to emerge from long-term studies of baboons.

In the Okavango, the reproductive success of female baboons de-
pends primarily on their ability to avoid infanticide and predation.
Faced with the threat posed by a potentially infanticidal male, females
with infants form friendships with males. When they lose a close rel-
ative to predation, they seek out new grooming partners and extend
their social network (Fig. 24). In Amboseli, females strengthen their
relationships with their sisters after their mothers die and strengthen
their relationships with more distantly related kin or non-kin if they
lose their close relatives (Silk et al. 2006a,b).

Skills in forming relationships appear to enhance a female’s lifetime
reproductive success. In the longest-running study of baboons to date,
Joan Silk, Susan Alberts, and Jeanne Altmann examined the correlates
of lifetime reproductive success among 118 females in five different
groups living in Amboseli National Park, Kenya. They found that the
females with the highest rates of infant survival were not the highest-
ranking females but those who were most socially integrated (Silk et al.
2003). Close social bonds, therefore, are highly adaptive. But females
cannot maintain close social bonds with an unlimited number of part-
ners. In Amboseli, the number of females’ close social bonds seems to
plateau at six (mean 1.6, range 0-6) (Silk et al. 2006a,b). This suggests
either that females do not have enough time to maintain close relation-
ships with many other individuals or that they simply do not need a
larger number of partners to meet their social needs. In order to es-
tablish new social bonds after the death of a close partner, however,
a female may need to recognize which females already have extensive
social networks and which do not, and which males already have close
friendships with lactating females. And, in choosing her allies and en-
emies, a female may need to recognize other individuals’ relative ranks
and kin relations. How do they do it?
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Figure 24. Sirius, the juvenile daughter of Selo, hugs her younger brother, Spud. Photograph
by Keena Seyfarth.

Underlying mechanisms

Can a few simple rules explain the complexity of baboons’ social knowl-
edge? Some learning psychologists believe that they can, and have argued
that monkeys’ apparent recognition of other individuals’ kin (or close as-
sociates) is simply an example of associative learning and conditioning.

It has long been known that laboratory animals like rats and pigeons
can be taught to group even very different looking stimuli together if
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they are all associated with the same reward or outcome. In one series of
tests, Schusterman and Kastak (1993, 1998) taught Rio, a California sea
lion (Zalophus californianus), to group arbitrary symbols into “equiva-
lence classes.” Each group consisted of three cards depicting a symbol:
for example, a pipe (A,), a fish (A,), and a star (A;). The experimenters ar-
ranged the symbols into equivalence classes by displaying one group of
cards (say, A}, A,, and A;) next to each other on one side of Rio’s enclo-
sure and another group of cards (say, B,, B,, and B;) next to each other
on the other side. After a few days’ exposure, Rio was presented with
one card from the A class and one card from the B class (A, and B,). As
soon as she prodded one of the cards with her nose, she was rewarded
with food. Assuming Rio chose A, rather than B,, she then received
repeated presentations of the same cards, with A, always rewarded and
B, not rewarded, until she achieved a 90% success rate in a block of 10
consecutive trials. Then Rio was tested, first with symbols A, and B,
(transfer test 1) and next with symbols A; and B, (transfer test 2), to
determine whether she had begun to treat all A stimuli as equivalent to
each other and all B stimuli as equivalent to each other, at least insofar
as they followed the rule “if A, > B, then A, > B,.” Rio performed cor-
rectly on 28 of 30 transfer tests.

Schusterman and Kastak argue that these relatively simple equiva-
lence judgments constitute a general learning process that underlies
much of the social behavior of animals, including the recognition of
social relationships by monkeys. They propose that “features of the en-
vironment can become related through behavioral contingencies, be-
coming mutually substitutable even when sharing few or no perceptual
similarities” (1998:1088; see also Dube et al. 1993; Heyes 1994; Was-
serman and Astley 1994; Thompson 1995). In other words, even if two
baboons from the same family look very different, they can become
linked in an equivalence class because they share a history of common
association. As a result, when Sylvia redirects aggression against Balo
after fighting with another member of the Balo matriline, she does so
because all the members of that matriline have effectively become, in
Sylvia’s mind, interchangeable. And once equivalence classes have been
formed, members of the same matriline not only become mutually sub-
stitutable but also exhibit transitivity: if A, > B,, then A, > B,.

This argument has much validity. It is hard to imagine how a mon-
key could learn that two other individuals were members of the same
matriline except by grouping them together by virtue of their high
rates of association. When forming alliances, monkeys avoid recruiting
a close relative of an opponent precisely because they recognize that the
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two belong to the same kin group. They redirect aggression against an
opponent’s relative for the same reason. To a large degree, monkeys do
place matrilineal kin into the same equivalence class. At the same time,
however, the “equivalence classes” that make up nonhuman primate
groups exhibit complexities not present in laboratory experiments.

First, consider the magnitude of the problem. The sea lion Rio was
confronted with a total of 180 dyadic comparisons. This is roughly
equivalent to the number of different dyads that confront a monkey in
a group of 18 individuals. But the number of possible dyads increases
rapidly as group size increases. Baboons often live in groups of up to 80
individuals, which contain 3,160 different dyads. The number of triadic
combinations is much larger still—a group of 80 baboons is composed
of 82,160 different triadic combinations. As a result, monkeys face prob-
lems in learning and memory that are not just quantitatively, but also
qualitatively, different from those presented in a typical laboratory ex-
periment. This is important, because it is large numbers that may force
primates to develop rules to classify their group-mates.

Second, in monkey groups no single metric specifies the associations
between individuals. It is, of course, a truism that monkeys can learn
which other individuals share a close social relationship by watching
them interact. Matrilineal kin, for example, almost always associate at
higher rates than non-kin. But no single behavioral measure or rule is
either necessary or sufficient to recognize such associations. Aggression
often occurs at the same rate within and between families, and differ-
ent family members may groom and associate with each other at widely
different rates. A human observer who quantifies rates of grooming and
uses these data to identify all of a female’s relatives is apt to make more
mistakes than the monkeys do.

Similarly, although monkeys doubtless use high rates of association
as one criterion for identifying a close social bond, they seem to recog-
nize that different types of relationships are characterized by different
patterns of spatial proximity. As a result, they are not surprised when a
playback experiment suggests that a female is not in close proximity to
her adult or juvenile daughter. They do, however, respond strongly to
playbacks suggesting even a temporary separation between a male and
his consort female. They apparently understand that some close social
relationships are characterized by continuous spatial proximity, while
others are not. They also appear to recognize that some close relation-
ships can be very transient, because the same sequence of grunts and
copulation calls that elicits a strong response from subjects when a con-
sortship is still ongoing elicits a much weaker response within hours af-
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ter it has ended. To recognize that some relationships are defined by close
spatial proximity and others not, and that some relationships are endur-
ing and others not, a monkey must take note of a variety of different pat-
terns of aggression, reconciliation, grooming, and proximity. There is no
threshold or simple defining criterion for a “close” social bond.

By contrast, the equivalence classes in Schusterman and Kastak’s
experiments were established by repeatedly presenting a group of three
symbols to Rio at the same place and time. This spatial and temporal
juxtaposition provided an easy, one-dimensional method for the for-
mation of equivalence classes. As yet, we do not know if monkeys dis-
tinguish between matrilineal kin bonds and the equally strong bonds
that may form between unrelated females who interact at high rates.
If monkeys do make such distinctions, this would provide further evi-
dence that they assess and compare social relationships using a metric
based on more than just patterns of association.

Third, class members in monkey groups are sometimes mutually
substitutable and sometimes not. In both baboons and vervets, fe-
males who hear a juvenile scream will often look toward the juvenile’s
mother. Schusterman and Kastak (1998) argue that this is because the
scream, the juvenile, and the juvenile’s mother form a three-member
equivalence class in which any one of the stimuli can be substituted
for another. But in fact the call, the juvenile, and the mother are not
interchangeable in this manner. A female who has a close bond with the
juvenile’s mother, for example, may interact very little with the juvenile
himself. The call is linked primarily to the juvenile and only secondarily
to the mother. Indeed, playback experiments on rhesus macaques have
shown that, although monkeys do group calls given by members of the
same matriline into the same category, they also distinguish among the
calls given by different individuals within the same matriline (Rendall
et al. 1996). Further, experiments on kin-mediated reconciliation indi-
cate that hearing the “reconciliatory” grunt of their opponent’s relative
changes females’ disposition toward their opponent and that relative
but not toward all members of their opponent’s matriline (Wittig et al.
2007a). Thus, while female baboons recognize other females’ member-
ships in particular matrilines, they nonetheless treat these members as
distinct, not mutually substitutable, individuals.

Fourth, some social relationships are transitive but others are not. In
baboon society, if an infant and a juvenile both associate at high rates
with the same adult female, it is usually correct to infer that the two are
siblings and will also associate at high rates. Similarly, if the female asso-
ciates at a high rate with a particular adult male friend, it is probably cor-
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Figure 25. Males are very protective of their female friends’ infants. Betelgeuse grunts to Lizzie's
infant, Zoe. Photograph by Anne Engh.

rect to assume that the male is also closely allied to the infant (Fig. 25).
It would be incorrect, though, to make the same assumption about the
juvenile, because males seldom interact at high rates with their friends’
older offspring. In fact, the juvenile is more likely to associate with
a different male—the male who was his mother’s friend when he was
an infant. Similarly, female members of the same matriline often form
friendships with different males, and, conversely, the same male may
form simultaneous friendships with females from two different matrili-
nes. A close bond between Selo and her daughter Palm, and Palm and her
friend Elvis does not imply that Selo and Elvis are also closely bonded.
Close bonds between Elvis and his friends Palm and Jackalberry does not
predict a close bond between the two females. In fact, their relationship
is more likely to be competitive than friendly (Palombit et al. 2001).
Further complicating matters, a baboon can belong to many differ-
ent classes simultaneously. An adult female, for instance, belongs to a
matrilineal kin group, associates with one or more adult males, holds
a particular dominance rank, and may be weakly or strongly linked to
other females outside her matriline. Here again, the natural situation is
considerably more complex than that in most laboratory settings.
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Finally, some types of class membership change often. While the
rank and kin relations among female baboons are relatively stable, other
social relationships change often and unpredictably. Some grooming
interactions among unrelated females wax and wane over short periods
of time. A female with a new infant receives a lot of attention from un-
related females, and for several weeks she may be groomed more often
by nonrelatives hoping to get a chance to handle her infant than by
her relatives. Sexual consortships and male dominance ranks fluctuate
over periods of days or weeks. Over still longer time scales, females’ re-
lationships with other animals change when they give birth and form
friendships. Furthermore, while dominance ranks and kinship rela-
tions are relatively static attributes of individuals, other relationships
are less predictable and highly transitory. Individual males and females
are not always involved in a friendship relation or consortship, and
their consort status can change from one minute to the next. Baboons,
though, are able to monitor the status of these transient, nonobligatory
relationships.

In sum, there is no doubt that associative processes and contingency-
based learning provide powerful and often accurate means for animals
to assess the relationships that exist among others. However, in order to
conclude that all primate social knowledge results from simple learning
mechanisms, we need proof that these mechanisms can account for be-
havior as complex as that which occurs in free-ranging primate groups.

Suppose that the sea lion Rio were trained with an array of 80 items
(the approximate size of a baboon group), each of which associated at
varying rates with all 79 other items but at high rates with a subset of
the items. Item A, for example, might associate at a high rate with items
B, C, D, and E. B might also associate with these items, but at a different
rate than A. B would also associate with some items with which A rarely
associated. To complicate matters further, there would also be brief,
transient associations of varying durations between pairs of items that
cut across the links formed between items that associated at a high rate.
Under these circumstances, could Rio, without any training or reward,
learn to group the items that associate at high rates into “kin” classes
while simultaneously keeping track of the transient pairings that cut
across classes? It is entirely possible that Rio would rise to the occasion.
In the absence of such an experiment, though, it is impossible to cali-
brate Rio’s and the baboons’ respective performances.

Laboratory experiments designed to explain complex behavior using
the simplest explanation possible have limited external validity if they
leave out the very complexity they hope to explain, or if they depend
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on extensive training and reinforcement. Baboons, after all, do not de-
rive immediate and predictable rewards from their knowledge of other
individuals’ social relationships, unless we assume that—Iike readers of
Edith Wharton—they find social spectatorship inherently rewarding.
But if we follow this line of argument and assume that baboons are
motivated by the inherent value of acquiring gossip, our concepts of
reward and reinforcement must become considerably broader and more
open-ended than in most laboratory studies of learning.

Social intelligence and the origins of baboon metaphysics

In small groups, individuals can rely on simple associative mechanisms
to solve their social problems. A monkey in a group of 10 or even 20
animals need only remember who associates with whom, and who has
been nice (or nasty) to her in the past, to predict successfully what oth-
ers will do and form the most useful social relations. As group size in-
creases, however, the number of dyadic and triadic relations increases
explosively, and the simplest forms of associative learning rapidly be-
come inadequate. Impressive though her curmudgeonly memory may
be, it may simply not be possible for Sylvia to remember the rank rela-
tions in all 82,000 triads in her group—or even the rank relations in all
1,027 triadic relations that involve her.

To solve the problem of large numbers, natural selection may have
favored animals that are predisposed to search for ways to arrange their
companions into rule-governed classes. For baboons, these classes are
based largely on matrilineal kinship and a transitive rank hierarchy.
The formation of such classes is an adaptive strategy because it reduces
memory load and allows the individual to make quick, accurate judg-
ments of social relationships and predict other individuals’ behavior.
Put somewhat differently, natural selection has favored individuals who
develop theories of social life.

Faced with the problem of remembering long strings of letters,
words, or numbers, human subjects learn the string faster and remem-
ber it better if some kind of rule allows them to group the items into
“chunks.” The sequence 123423453451451251231234 is difficult to
remember until you see the pattern. The same holds for the sequence
149162536496481100, until you realize that it is the squares of the in-
tegers from one to ten. Chunking in humans is adaptive because it in-
creases the capacity of short-term memory (Miller 1956; Simon 1974).
In the 14916 ... sequence, you need to remember only one rule, not the
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sequence of digits. The tendency to chunk is so pervasive that human
subjects will work to discover an underlying rule even when the ex-
perimenter has—perversely—made sure there is none (Tulving 1962;
Macuda and Roberts 1995). Humans are naturally inclined to search for
a higher-order rule or pattern that makes the task easier.

Baboons may be the same. Consider the predicament of a young im-
migrant male whose reproductive success depends almost entirely on
his ability to rise rapidly in the male hierarchy. His likelihood of success
will depend not just on his fighting skills but also on his ability to learn
as much as possible as quickly as possible about relations among his male
rivals, the bonds among females, and current male-female friendships
and sexual consortships. He could, of course, learn all of these things by
painstaking observation: by watching, for hours on end, what each in-
dividual does with every other and committing it all to memory. But his
task would be eased considerably if he could tackle the problem armed
with theories—about matrilineal kinship, transitive rank relations, kin-
based alliances, the different causes of dominance rank in males and
females, sexual consortships, and friendships. In The Age of Innocence,
the exotic European Ellen Olenska arrives in New York knowing no one,
yet she captivates the community because she learns fast, and she learns
fast because she knows the rules. Her social theories are adaptive.

Again, when we say that baboons have social theories we do not mean
that they have fully conscious, well-worked-out theories that they can
describe explicitly. Nor do we mean that their interactions with others
are motivated by their projections, long into the future, of the benefits
to be derived from a particular relationship (cf. Barrett et al. 2002). In-
stead, baboons appear to have implicit expectations about how indi-
viduals will interact with one another. Through processes we do not yet
understand, they observe the associations among other group members
and generate expectations—for example about within- and between-
family dominance relations. These expectations constitute a theory
because they do not depend on specific individuals, but have general
applicability. A baboon’s social theories allow her to predict another’s
behavior even if she has never observed or interacted with that animal.
When she meets, say, a new infant who has just been born into a high-
ranking matriline, her theories about rank, family bonds, and within-
and between-family relations allow her to anticipate what sort of social
relationships the infant will have with others.

Just as humans have an innate predisposition to learn language, and
nutcrackers an innate predisposition to store and remember the loca-
tion of seeds, so do baboons and other monkeys have an innate predis-
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position to recognize other individuals’ ranks and social relationships.
Males cannot help but keep a running mental tally of changes in other
males’ ranks, just as Ahla the goat-herding baboon cannot prevent her-
self from knowing which kid goes with which ewe (Chapter 2). We are
still a long way, though, from knowing how malleable this predisposi-
tion is, and what mechanisms underlie it. In this respect, those of us
who study primate social knowledge find ourselves in a position much
like that of psycholinguists in the late 1950s, when Chomsky wrote his
critique of Skinner’s Verbal Behavior: we know that the system we are
studying is complex and that its development cannot be explained by
simple learning mechanisms alone. But we do not yet understand how
it develops in the minds of our subjects. To quote Chomsky’s (1959)
review, without the specific references to language and substituting ba-
boon for human:

As far as acquisition ... is concerned, it seems clear that reinforcement, casual ob-
servation, and natural inquisitiveness (coupled with a strong tendency to imitate)
are important factors, as is the remarkable capacity of the baboon to generalize,
hypothesize, and “process information” in a variety of very special and apparently
highly complex ways which we cannot yet describe or begin to understand, and
which may be largely innate, or may develop through some sort of learning or
through maturation of the nervous system. The manner in which such factors oper-
ate and interact ... is completely unknown.
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The Social Intelligence
Hypothesis

If I be asked by what power the creator has added thought to so many animals
of different types, | will confess my profound ignorance.
CHARLES DARWIN, 1838: NOTEBOOK C

Does the social intelligence of primates make them smarter
than other animals? During the 18th and 19th centuries,
both before and after the publication of The Origin of Spe-
cies, scholars debated the merits of different animal minds.
At issue was the general question of whether species should
be ranked according to their utility to humankind or some
other standard (Ritvo 1987). Mental ability seemed a com-
pelling criterion for ranking animals, but even with their
admittedly large brains the monkeys and apes did not al-
ways come out on top. Some scientists favored the orang-
utan, whereas others, like George Romanes (1881), argued
for the “high intelligence” and “gregarious instincts” of the
dog, which gave it a “more complex” psychology than mon-
keys. In 1883, Arabella Buckley, a friend of A.R. Wallace,
published a children’s book entitled The Winners in Life’s
Race: or, The Great Backboned Family in which she classified
monkeys and apes with insectivores and rodents, rather
than at the head of the animal kingdom. The “degenerate
gorilla” was described as “equal neither in beauty, strength,
discernment, nor any of the nobler qualities, to the faithful
dog, the courageous lion, or the half-reasoning elephant”
(Buckley 1883; Ritvo 1987).
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The social intelligence hypothesis

As we saw in Chapter 2, the notion that baboons’ intelligence evolved
to solve social problems first appeared in the idiosyncratic writings of
Eugene Marais, who alone among his contemporaries observed baboons
in their natural habitat. Years later, in 1953, the social intelligence hy-
pothesis reappeared when the British psychologist Michael Chance sug-
gested, on the basis of observations made at the London Zoo, that the
near-continuous sexual receptivity of primate females created complex
problems in behavioral control and social awareness for males. He pos-
tulated that “the enlargement of the neocortex is an anatomical adapta-
tion to [these] circumstances” (Chance and Mead 1953:433). The idea
lay dormant for thirteen years. In 1966, the hypothesis was reintroduced
by Alison Jolly, one of the first scientists to study primates in their natu-
ral habitat. Jolly took a broader perspective than Chance, arguing that
“the social use of intelligence” is crucially important to both male and
female primates, and that “social integration and intelligence probably
evolved together, reinforcing each other in an ever-increasing spiral”
(Jolly 1966:504). But Jolly’s hypothesis, like Chance’s, was largely ig-
nored by a psychological community that believed primate intelligence
was best studied by presenting single animals in cages with problem sets
comprised of blue squares and red triangles.

The modern renaissance of the social intelligence hypothesis began
in 1976, when Nick Humphrey published a short paper entitled “The
social function of intellect.” Echoing Darwin, Humphrey argued that
evolutionary biology and psychology could be combined to reveal the
selective factors shaping the evolution of intelligence. He began by not-
ing that natural selection is ruthlessly economical: traits, particularly
energetically costly ones, do not evolve unless they serve some function.
Years of laboratory testing had shown that monkeys and apes “possess
impressive powers of creative reasoning.” So what, precisely, were the
demands of natural life that had made these animals so clever? Hum-
phrey proposed that “the higher intellectual faculties of primates have
evolved as an adaptation to social living” (1976:316) (Fig. 26).

The social intelligence hypothesis does not argue that baboons and
other monkeys have little knowledge about their home range, the spatial
and temporal distribution of trees, or the behavior of their predators. In-
deed, a rigorous comparison of “social” and “nonsocial” skills would be
difficult precisely because the two are inextricably entwined. A baboon's
ability to acquire the most nutritious food depends, simultaneously, on
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Figure 26. A young Sylvia sits next to her mother, Stroppy. Photograph by Joan Silk.

both her ecological knowledge of plants and her skill in competition
with others. Her ability to detect and evade predators depends, simul-
taneously, on both her knowledge of predator behavior and her ability
to live cooperatively in a large group, where she benefits from predator
detection and defense. Instead, the hypothesis argues simply that all
group-living animals confront a multitude of social problems, and that
intelligence in primates—and perhaps many other species—must have
evolved at least in part because natural selection has favored individuals
who are skilled at solving these problems.

Below we review three kinds of evidence that support the social in-
telligence hypothesis. We then consider several kinds of evidence that
might lead us to modify it and reconsider whether primates are unique
among animals in their ability to monitor, or eavesdrop upon, other
individuals’ social relationships.

Social complexity and brain size

Ethological studies have repeatedly shown that natural selection acts on
both behavior and the neurological structures that support it. If a nut-
cracker can improve its survival by hiding pine seeds in the fall and re-

covering them during the winter, natural selection will simultaneously
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favor behavior like hiding and searching and an enlarged hippocampus,
the area of the brain devoted to spatial memory. Signs of the coevo-
lution of behavior and brain morphology are clearly evident when we
compare closely related species. Nutcrackers rely more on stored seeds
than do their close relatives, scrub jays (Aphelocoma californica), and the
nutcracker’s hippocampus is correspondingly larger (Kamil et al. 1994).

The coevolution of behavior and brain morphology can also be
seen when we compare males and females in certain species. In North
American and European songbirds, where males do most of the singing,
males also have much larger song control areas in their brains than do
females (reviewed in Brenowitz and Kroodsma 1996). But in many tropi-
cal songbirds, where males and females sing equally, the sizes of male
and female song control areas are more alike (Brenowitz and Arnold
1986). Song control areas in the brain have thus coevolved with be-
havior. Male baboons, who can increase their reproductive success by
winning aggressive contests with rivals, have evolved large body size,
large canines, and competitive vocal displays. Female baboons, whose
reproductive success is much less influenced by fighting, have evolved
neither the same morphology nor the same behavior.

Applying this logic to the social intelligence hypothesis, we might
predict that species living in large, complex societies should exhibit
both more sophisticated social knowledge and bigger brains than soli-
tary species or species that live in small, monogamous groups. Alterna-
tively, if large brains have evolved for some other reason, there should be
no predictable relation between brain size, group size, and social intel-
ligence. So why have large brains evolved? What are big brains for?

Across the animal kingdom, brain size increases with body size.
Despite this common scaling principle, however, brain size-to-body
weight ratios differ from one taxonomic group to another. Among mam-
mals, primates have brains that are larger, on average, than the brains of
similar-sized, nonprimate mammals.

Within the primate order, the picture is more complex. Martin (1990)
uses the index of cranial capacity (ICC) as a means of comparison. The
ICC is the ratio of a species’ actual brain volume to that which would be
expected for an animal of the same size if it were a basal insectivore—
the basal insectivores being taken as a standard point of comparison.
The ICC thus measures the extent to which a species diverges from
the “typical” pattern for this group (see also Fuster 1997; Rilling and
Insel 1999). Baboon brains average 177 cc in volume, giving them an
ICC of 7.3, whereas chimpanzee brains average 393 cc, with an ICC of
8.2. Although this might suggest that all ape brains are relatively larger
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than all monkey brains, there is considerable variation. The capuchin
monkey (Cebus sp.), a New World primate, has an ICC of 11.7, whereas
the gorilla, a great ape, has an ICC of 5.5. Overall, great apes closely fit
the same scaling relationship as monkeys for brain:body size relations:
their brain sizes are approximately what would be expected for a mon-
key scaled up to the appropriate body size (Martin 1990; Rilling 2006).

The brains of great apes may, however, differ from those of other
primates on some qualitative, structural dimensions. Ape brains ap-
pear to exhibit a comparatively greater elaboration of the cerebellum
and frontal lobes (Rilling 2006). In chimpanzees, a larger proportion
of the brain is devoted to neocortex than in monkeys, which in turn
have proportionately more neocortex than prosimians (Passingham
1982; Rilling and Insel 1999). Within the neocortex, ape (and especially
human) brains have a particularly enlarged prefrontal cortex, an area
known to be involved in many forms of abstract thought, decision mak-
ing, rule learning, and reasoning about others’ mental states (Deacon
1997; Fuster 1997; Rilling 2006).

Increases in the size of primate brains have come despite the fact that
brain tissue is metabolically very costly. As we mentioned in Chapter 1,
by one estimate the human brain uses energy at the same rate as the leg
muscles of a runner during a marathon. Furthermore, large brains take
a long time to develop. Monkeys experience a longer period of juvenile
dependence and live longer than most other mammals of similar body
size. Apes, in turn, experience a longer period of juvenile dependence
and live longer than monkeys. Both of these life history traits are corre-
lated with large brain size (van Schaik 2004). However, a prolonged pe-
riod of prereproductive life is risky—you could easily die before you are
able to reproduce. Large brains must therefore provide individuals with
benefits that more than compensate for these costs. What are these ben-
efits? When the question is applied to human evolution, answers typi-
cally focus on the adaptive advantages of technology (initially, stone
tools) and language. But most monkeys rarely, if ever, use tools and lack
language entirely, yet their brains are significantly larger than those of
similar-sized mammals. At least in the case of monkeys, some other se-
lective pressure must be at work.

Early studies found that brain weight:body weight ratios were higher
in primate species with larger home ranges and larger in species that
were fruit-eating or omnivorous than in leaf-eating species (Clutton-
Brock and Harvey 1980; Milton 1988). These relationships suggested
that fruit-eating primates face special problems in learning and memory
because they depend on widely dispersed food that is ephemeral in both
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space and time. Other data, however, argue against this explanation. In
an analysis that involved many primate species, Barton and Dunbar
(1997) showed that group size, not home range size, best predicted the
size of a species’ neocortex. They argued that group size is a good proxy
for social complexity and concluded that primate brains have evolved
in response to the demands of social life. Group size is important in
part because, as we discussed in the previous chapter, the calculation of
other individuals’ social relationships becomes increasingly daunting
as group size increases. Social competition might therefore offer one
explanation for primates’ unusually large brains. The hypothesis seems
particularly compelling in the case of monkeys (if not apes), because
monkeys rarely use tools but often live in relatively large groups.

So why do monkeys live in large groups? Some hypotheses stress
the benefits of group life for predator detection and defense (e.g., van
Schaik 1983), whereas others stress the need to defend food resources
(e.g., Wrangham 1980). Still others suggest that both factors are impor-
tant (e.g., Sterck et al. 1997). Whatever the reasons, these socioecologi-
cal hypotheses propose that selection favoring large groups has resulted
in societies that contain many different families, with social relat-
ionships simultaneously competitive and cooperative. This, in turn,
places strong selective pressure on individuals’ skills in managing social
relationships.

Other hypotheses place less emphasis on group size and more em-
phasis on the details of primate feeding ecology. Kaplan and colleagues
(2000) suggest that the need to forage in a complex three-dimensional
environment for ephemeral fruit may have favored the evolution of cog-
nitive abilities that served as preadaptations for the evolution of com-
plex social relationships. Fruit-eating primates have relatively enlarged
areas of the brain devoted to visual acuity, binocular vision, and color
vision (Barton 1998). Thus, the cognitive demands of a frugivorous diet
might have favored the evolution of large brains that could, in turn,
support complex societies. On the other hand, it could also be argued
that the need to process rapidly changing social interactions, such as
those that occur during alliances, demands rapid visual processing and
integration of information about individuals’ behavior and gaze direc-
tion. Thus, social interactions might place just as strong, if not stronger,
demands on vision and cognition.

It may never prove possible to determine whether social pressures,
ecological pressures, or both drove the evolution of large brains in pri-
mates. Indeed, other selective pressures, such as social learning and
technological innovations, may have exerted far greater influences, par-
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ticularly in the ape and hominid lines (Reader and Laland 2002). Brain
size is correlated with group size, but the causal origins of this correla-
tion remain elusive. It even remains unclear whether primates differ
from other animals in their “social intelligence.”

Brain specializations for social stimuli

Preliminary evidence in support of the social intelligence hypothesis as
it applies to primates comes from the existence of brain areas special-
ized to deal with social stimuli. Monkeys, for example, have “face cells”
in the temporal cortex that respond at least twice as vigorously to faces
or components of faces (like eyes or mouths) than to other complex vi-
sual stimuli (Tsao et al. 2003, 2006). Face cells are surprisingly special-
ized. Those in the inferior temporal cortex (IT) seem most important
for processing facial identity, whereas those in the superior temporal
sulcus (STS) seem most important for processing facial expressions. IT
and STS are extensively interconnected and probably share face-specific
information (Weiss et al. 2002; Ghazanfar and Santos 2004). Face cells
in STS respond not only to facial expressions but also to the direction
of an individual’s head orientation and gaze. Their response is greatest
when head orientation and gaze direction are congruent, less strong
when they are incongruent (Emery and Perrett 2000; Jellema et al.
2000; Perrett et al. 1992; Eifuku et al. 2004). The STS of rhesus macaques
also includes neurons that fire when the monkey observes an individual
walking, turning his head, bending, or extending his arm (Perrett et al.
1990). Particularly intriguing are “mirror neurons” in the inferior pari-
etal lobule that show elevated activity both when the subject monkey
executes a specific grasping action and when the monkey observes a hu-
man or other monkey execute a more or less similar grasp (Rizzolatti and
Craighero 2004).

Finally, monkeys—Ilike humans—process their own species’ vocal-
izations in ways that are measurably different from the way they pro-
cess other auditory stimuli. As is well known, most humans exhibit lat-
eralization in their perception of speech. Because language is typically
processed in the left hemisphere of the brain and the left hemisphere
has its primary connections to the right side of the body, most humans
are better at making rapid assessments of words and sentences when
they hear them through their right ear. Their right-ear advantage disap-
pears, however, when they are asked to identify other auditory stimuli
(see Rogers and Andrews 2002 for review). Like humans, monkeys dis-
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play a left-brain, right-ear advantage when processing their own species’
vocalizations, but not when processing other sounds (Petersen et al.
1978; Hefner and Hefner 1984; Weiss et al. 2002; Poremba et al. 2004).
Specialized cells and unique brain mechanisms for dealing with so-
cial stimuli do not, by themselves, confirm the social intelligence hy-
pothesis. Regardless of their degree of social complexity, all animals’
brains respond selectively to stimuli produced by members of their own
species. Solitary frogs respond selectively to their own species’ calls,
and monogamous birds respond selectively to their own species’ song.
But the special responsiveness of the monkey’s brain to monkey voices,
faces, gaze direction, and actions are just what we would expect if natu-
ral selection had acted with particular force to favor individuals skilled
in solving social problems. Particularly intriguing is evidence that the
STS and mirror neurons are also highly sensitive to intentional, goal-
directed behavior, indicating that they may help monkeys assess other
individuals’ intentions. We discuss this issue further in Chapter 8.

Social versus ecological “intelligence”

For 11 years during the 1970s and 1980s, we studied the social behavior
of vervet monkeys in Kenya’s Amboseli National Park (Fig. 27). Vervets

Figure 27. A matriline of vervet monkeys. Photograph by Dorothy Cheney.
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live in smaller groups than baboons (10-25 on average), but their so-
cial organization is similar. Like baboons, they also display impressive
knowledge of other individuals’ dominance ranks and kinship relation-
ships. They practice strategic alliances formation, curry favor with the
members of high-ranking families, and keep track of who has been nice
to them in the recent past (Cheney and Seyfarth 1990).

But we were equally struck by what the vervets seemed not to know.
Take animal tracks, for example. Vervets in Amboseli regularly fall
prey to pythons (Python sebae), large constrictors that hunt by conceal-
ing themselves in long grass or thick bush. Occasionally, though, the
python’s track gives away its location. When crossing open ground,
pythons lay distinct, wide, straight tracks that cannot be mistaken for
those of any other snake. Local humans recognize them easily, and it is
relatively easy to find a concealed python by following its track.

Yet vervets seem unable to recognize that a fresh python track sig-
nals danger. On more than one occasion we watched as a vervet calmly
followed a fresh track into a bush, only to leap out in surprise and alarm
when it encountered the actual snake. The vervets’ ignorance of python
behavior was striking, because their daily life had certainly provided
them with ample opportunity to watch pythons move across open ar-
eas laying down a track, and to associate this distinctive track with the
animal itself. The association between a fresh track and a python was as
statistically reliable as the association between two vervets in the same
family who groom each other at high rates, but evidently more difficult
for the vervets to learn.

Other gaps in the vervets’ performance revealed that their knowl-
edge outside the social domain was not what one would expect. Vervets
are frequently attacked by leopards, which are abundant in Amboseli.
Unlike other African cats, leopards carry their prey into trees, where
it cannot be stolen by lions and hyenas. We had often seen vervets
giving alarm calls as they watched a leopard haul the carcass of a ga-
zelle into a tree. They clearly had the opportunity to learn that a car-
cass in a tree signaled the likely proximity of a leopard. But when we
placed a stuffed carcass of a Thompson'’s gazelle (Gazella thomsonii) in
a tree near the vervets’ sleeping site before dawn, the monkeys showed
no response. We might just as well have put a suitcase in the tree. It
was not that the carcass was unrealistic; it did fool a tour bus opera-
tor. What was striking was that the monkeys failed even to show any
curiosity about it (Cheney and Seyfarth 1985a). (We should note here
that the local baboons also ignored the carcass. In fact, baboons are
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not even especially alarmed when they see the carcass of a baboon
cached in a tree by a leopard. Although they look at it with curios-
ity, they seem not to recognize that the carcass is associated with a
leopard.)

This is not to say that vervet monkeys are oblivious to the signals
provided by other species. They respond strongly to the alarm calls
given by ungulates and birds, and even differentiate among the alarm
calls given by birds to avian and terrestrial predators (Cheney and Sey-
farth 1990). Similarly, they differentiate between the lowing of wilde-
beest (Connochaetes taurinus), which pose no threat, and the lowing of
cows, which signal the approach of Maasai herders. Vervets are, there-
fore, not completely ignorant about their physical world. With training,
they could also certainly learn to recognize the association between a
python and its track, or a leopard and a carcass in a tree. But in the ab-
sence of such training they seem predisposed to attend to events in the
social world in a way that they do not attend to events in the physical
world. Vervets have a kind of laser-beam acuity; they make good psy-
chologists but poor naturalists.

Such “attentive biases” are common among animals. Chickadees, for
example, store seeds in the fall and, like nutcrackers, have excellent spa-
tial memories. In one experiment, captive chickadees were trained to
find food in a particular box located in an array of boxes positioned on
a wall. The food might be located in a yellow box that was positioned
third in line after a red box and a blue box, but before a green box.
Once they had learned to choose the yellow box, the array was shifted
along the wall and the boxes were scrambled. Now, say, the yellow box
was first in line. When released into the aviary, most chickadees ig-
nored both the color of the box and its relative position in the array.
Instead, they flew to the box that was located at the same place on the
wall where the yellow box had originally been (Brodbeck 1994). When
learning which box contained food, the chickadees had apparently paid
most attention to the box’s location on the wall, ignoring both its color
and its relative position in the array. In contrast, juncos (Junco hyemalis),
close relatives of chickadees that do not store food, chose the box ac-
cording to its color. Chickadees are not completely oblivious to cues like
color. When trained, they can learn to choose boxes according to their
color. Instead, they seem biased to pay attention first and foremost to
spatial cues. Other food-storing birds like nutcrackers display a similar
bias (Olson et al. 1995). In a comparable way, vervets seem biased to be
particularly attentive to social events.
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Critique of the argument thus far

To this point, the argument in favor of the social intelligence hypoth-
esis, at least as it applies to primates, can be summarized as follows.
Compared with other mammals, primates have larger brains relative to
their body weight. Within the primate order, brain size is strongly cor-
related with group size. Since the complexity of an individual’s social
relationships increases exponentially with increasing group size, large
brains seem to have evolved in response to the demands of social life.
Consistent with this hypothesis, we find that the primate brain contains
many areas specialized for dealing with social stimuli, like the faces,
movement, and voices of members of their own species; that baboons
and other monkeys recognize each other’s dominance rank and social
relationships; that female baboons’ social relationships are correlated
with reduced stress and increased reproductive success; and that vervet
monkeys’ knowledge of their social companions is impressive, whereas
their knowledge of some ecological relations is underwhelming.

The argument can be challenged on at least four grounds. First, we
have been discussing “intelligence” in primates and other animals
without any attention to the behaviorists’ critiques mentioned in the
last chapter. Knowledge of other individuals’ relationships might be ac-
quired through relatively simple associative processes—processes that
could easily be duplicated by even small-brained species.

Second, because primates have relatively larger brains than other spe-
cies and large brains are presumed to have evolved to deal with social
complexity, it follows that primate societies must in some fundamental
way be more complex than those of other species. But we have thus
far presented no evidence to support this view. Dolphins (Tursiops trun-
cates), elephants (Loxodonta africana), spotted hyenas (Crocuta crocuta),
and pinyon jays (Gymnorhinus cyanocephalus)—to name just a few spe-
cies—also live in complex societies comprised of multiple families and
stable dominance hierarchies. Do they too recognize and monitor other
individuals’ social relationships?

Third, the argument assumes that skills in recognizing social rela-
tionships have evolved in response to the challenges of living in large
groups. Yet, as we will describe, recent studies have revealed similar
skills in social intelligence in solitary animals and animals living in
small family groups, such as monogamous birds. How do we reconcile
these data with the social intelligence hypothesis?

Finally, within the primate order, social learning, innovation, and
tool use are strongly correlated with brain size but not with group size.
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In particular, chimpanzees and orangutans have larger brains than
monkeys and use and manufacture tools more routinely than monkeys,
but live in relatively small groups. Indeed, orangutans are frequently
solitary. These relationships suggest that many of the selective pres-
sures favoring enlarged brains in apes and humans may have been
technological rather than social. We reevaluate the “social intelligence”
hypothesis in light of this evidence at the end of the chapter.

Are primates different?

Primates have, on average, larger brains for their body size than other
vertebrates. Dunbar (2000, 2003) argues that this came about because
primate social groups are not only larger but also more complex than
those in other taxa. Primate groups are typically composed of many
reproductively active males and females, and individuals interact with
both kin and non-kin in both competitive and cooperative contexts.
Such social complexity may place strong selective pressure on the abil-
ity to recognize other individuals’ ranks and social relationships.

Some comparative tests of captive apes, monkeys, pigeons, and other
animals suggest that primates are more adept than nonprimates at clas-
sifying items according to their relative relations. In oddity tests, for
example, a subject is presented with three objects, two of which are the
same and one of which is different, and asked to choose the object that
is different. Monkeys and apes achieve high levels of accuracy, even
when tested with novel stimuli (reviewed by Tomasello and Call 1997;
Shettleworth 1998). In all cases, subjects’ performance suggests the use
of an abstract hypothesis, because concepts like odd specify a relation
between objects independent of their physical features. In a similar
manner, the concept closely bonded can be applied to any two individu-
als and need not be restricted to individuals that look alike. Although
many animals, including honeybees (Apis mellifera; Giurfa et al. 2001),
can learn to solve “delayed match-to-sample” (pick the stimulus that is
the same as the previous one) and “delayed non-match-to-sample” (pick
the stimulus that is different from the previous one) tasks, primates typ-
ically learn faster and generalize more accurately to novel stimuli (e.g.,
Harlow 1949; Strong and Hedges 1966; Wright et al. 1984). Furthermore,
primates can be taught rules about how to respond: for instance, “If the
tray is green, pick the odd item; if it’s red, pick the same one.”

Baboons and chimpanzees can also learn to make abstract judgments
that involve comparing one relation with another (Premack 1983; Oden
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et al. 1988; Fagot et al. 2001). In one study, the language-trained chim-
panzee Sarah was tested on her ability to reason analogically. When
Sarah was shown a lock and a key and asked to pick the appropriate
object to accompany a can and complete the same relation, she cor-
rectly chose a can opener. She therefore completed the analogy “key is
to lock as can-opener is to can.” (This test will doubtless bring back dark
memories to all American readers who remember the analogical reason-
ing portion of the SAT featuring questions like “flounder is to telephone
booth as yak is to (a) democracy, (b) the Vietnamese pot-bellied pig, (c)
summer, (d) Kant’s Critique of Pure Reason, (e) none of the above, (f) all
of the above.”)

The ability to make judgments based on relations among items has
been demonstrated more often in primates than in other animals, and
primates seem to recognize abstract relations more readily than at least
some other animals. Although it is possible to train pigeons (Columba
livia) to recognize relations such as same, the procedural details of the
test appear more critical for pigeons than they are for monkeys. Rather
than attending to the relations among stimuli, pigeons seem predis-
posed to focus on the physical features of the stimuli and to form item-
specific associations (reviewed by Shettleworth 1998). Similarly, in tests
of transitive inference, monkeys and apes appear to acquire a represen-
tation of serial order that allows them to rank items even when some
items in the list are missing (D’Amato and Colombo 1989; Treichler and
van Tilburg 1996). So, for example, having learned the series A > B >
C > D, monkeys have little difficulty recognizing that B > D. In con-
trast, many—but not all—birds seem to attend primarily to the associa-
tion between adjacent pairs, which limits their ability to add or delete
items from a list (von Fersen et al. 1991; Zentall et al. 1996).

Recent experiments by Earl Miller and colleagues have begun to elu-
cidate the neural basis of abstract judgments in rhesus macaques. In
a typical test, subjects first saw a picture and received a cue: as they
viewed the picture they either received a drop of juice or heard a tone.
Then they were shown a second picture. If they had been given juice,
they were to respond only if the second picture was the same as the first.
If they had heard a tone, they were to respond only if the second picture
was different from the first. Thus the monkeys had to learn the abstract
rule “juice drop means same and tone means different” and apply this
rule regardless of what the pictures actually showed. The monkeys read-
ily learned to do this. Underlying their behavior was neural activity in
the prefrontal cortex (PFC), where individual nerve cells appeared to
exhibit rule specificity. Some cells sharply increased their firing when
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the same rule was in force, whereas others increased their firing when
the different rule was in force. The cells’ selective firing could not be
explained by the physical features of the pictures because these were
different in different trials. Nor could selective firing be linked to the
monkeys’ anticipation of their response, because at the time they re-
ceived the cue and learned which rule was in force the monkeys did
not yet know how they would respond. Instead, the selective neurons
seemed to function in the encoding of an abstract rule (Freedman et al.
2001; Wallis et al. 2001; Miller et al. 2002). Complementing these data,
recall that the relatively greater size of primate brains is particularly
pronounced in the prefrontal cortex.

Taken together, these data argue that the primate brain—particularly
the prefrontal cortex—and primates’ cognitive skills—particularly the
ability to make abstract judgments—have evolved together, presumably
in response to the demands of a socially complex society. As a result,
modern nonhuman primates have both larger brains and greater cogni-
tive abilities than other animals. We might be tempted to conclude that
cognitive skills in primates are qualitatively and hence fundamentally
different from those in all other animals.

Social cognition in gregarious mammals and birds

This conclusion, however, may be premature. If the ability to recognize
and monitor other individuals’ social relationships confers a selective
advantage, we should expect to find evidence of social intelligence and
increased brain size not just in primates but also in any animal species
that lives in large social groups, particularly those that contain individ-
uals of different dominance ranks and varying degrees of genetic relat-
edness. Conversely, selection should have acted less strongly on social
intelligence and brain size in solitary species and species living in small,
family groups. If true, the ability to recognize the close associates of oth-
ers should be evident in nonprimate species like hyenas and dolphins
and lacking or less highly developed in the less social apes, including go-
rillas and orangutans. Studies to test this hypothesis are only beginning
to be conducted. Indeed, one of the great lacunae in cognitive studies
of apes (including chimpanzees) is the absence of any research on apes’
ability to monitor other individuals’ social relationships.

There is, in fact, good evidence that social complexity and large
brains have coevolved in nonprimate species as well as in monkeys
and apes. As we mentioned earlier, primate species that live in large
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groups have a relatively larger neocortex than those that are solitary or
live in small groups. A similar relation is found in carnivores (Barton
and Dunbar 1997), toothed whales (Connor et al.1998; Marino 1998),
and ungulates (Perez-Barberia and Gordon 2005), supporting the hy-
pothesis that sociality has driven the evolution of large brains in many
taxonomic groups. Differences in social complexity may exert their ef-
fect even in species that lack a cortex entirely. In paper wasps (Polistes
dominulus), for example, there is a significant increase in the size of the
antennal lobes and collar (a substructure of the calyx of the mushroom
body in the insect brain) in females that nest colonially, with other
queens, as opposed to solitary breeders (Ehmer et al. 2001). This in-
crease in neural volume may have been favored because sociality places
increased demand on the need to discriminate between familiar and
unfamiliar individuals and to monitor other females’ dominance and
breeding status. Changes in brain size occur even within individuals,
according to the size of their behavioral repertoires. The brains of queen
ants are significantly smaller than those of virgin females during their
nuptial flight. Queen ants are also much less socially active and much
less reliant on vision (Julian and Gronenberg 2002). Clearly, therefore,
neural correlates of sociality are not restricted to higher mammals.

Given their relatively large brains, it is not surprising that highly
social nonprimate mammals also display sophisticated knowledge of
other individuals’ social relationships. When competing over access to
females, male dolphins form dyadic and triadic alliances with specific
other males, and allies with the greatest degree of partner fidelity are
most successful in acquiring access to females (Connor et al. 1992, 1999,
2001). The greater success of high-fidelity alliances raises the possibility
that males in newly formed alliances, or in alliances that have been less
stable in the past, recognize the strong bonds that exist among others
and are more likely to retreat when they encounter rivals with a long
history of cooperative interaction.

Similarly, spotted hyenas live in baboon-like social groups made up
of matrilines in which daughters inherit their mothers’ dominance
ranks (Smale et al. 1993; Engh et al. 2000). Holekamp and colleagues
(1999) played recordings of cubs’ whoop calls to mothers and other clan
members. Like vervets and baboons, hyena females responded more
strongly to the calls of their offspring and close relatives than to the
calls of unrelated cubs. In contrast to vervets and baboons, however,
unrelated animals did not look at the cubs’ mothers.

One explanation for these negative results is that hyenas are unable
to recognize other individuals’ kin relations, despite living in social
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groups that are superficially similar to those of many primates. It is also
possible that hyenas are simply uninterested in the calls of unrelated
cubs. In fact, hyenas’ patterns of redirected aggression suggest that they
do recognize other individuals’ kin (or close associates). Like monkeys,
hyenas sometimes “redirect” aggression toward other, previously unin-
volved animals after they have been in a fight. When redirected aggres-
sion occurs, hyenas are most likely to attack a relative of their former
opponent (Engh et al. 2005).

Hyenas also seem to make transitive inferences about other individu-
als’ dominance ranks. When competing over meat, hyenas often solicit
support from other individuals, and they typically solicit aid from allies
that are dominant to their opponent (Fig. 28). Similarly, when choos-
ing to join an ongoing skirmish, a hyena that is dominant to both of
the contestants almost always supports the higher-ranking of the two
(Engh et al. 2005). If the hyena is intermediate in rank between the two
opponents, it inevitably supports the dominant. These data provide
the first evidence that individuals in a nonprimate species base their
decision to join an alliance on both their own and the other individu-
als’ rank relations. Like monkeys, hyenas appear to monitor other in-
dividuals’ interactions and learn about other animals’ ranks from their
observations.

Figure 28. Two hyenas form a coalition against a third. Photograph by Kay Holekamp.
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Ultimately, the best way to test whether sociality has favored
specialized cognitive skills is to conduct comparative tests on closely
related social and nonsocial species, similar to the ones that have been
conducted on bird species that do and do not store food. For example,
Clark’s nutcrackers have prodigious spatial memory for storing and re-
covering food and a bias to attend to spatial, rather than nonspatial,
cues. But although they outperform closely related jay species in radial
maze and cache retrieval tasks, they are less accurate than other jays
when the tests require memory of color (Olson et al. 1995). They are
also relatively inattentive to social cues.

Clark’s nutcrackers are relatively asocial. Although they form mono-
gamous groups during the breeding season, during the fall and winter
they search for and store seeds alone. By contrast, their close relatives,
Mexican jays (Aphelocoma ultramarina), live in highly structured flocks
numbering several dozens of birds. In addition to storing their own
seeds, Mexican jays also pilfer from the caches of others. In experi-
ments where birds could recover seeds from sites that either they them-
selves had created or they had observed another bird create, nutcrackers
were more accurate at recovering their own caches than at recovering
other birds’ caches. Mexican jays, on the other hand, were as accurate at
recovering seeds from caches they had observed another bird create as
ones that they had created themselves (Bednekoff and Balda 1996). Per-
haps because they almost always store seeds alone, nutcrackers are not
very attentive observers, and they more accurately remember what they
do than what others do. For the more social Mexican jays, however, it
pays to spy on your neighbor. As a result, Mexican jays attend to and re-
member not just what they do but also what others do (see also Lefebvre
et al. 1996 for similar data on gregarious pigeons and territorial doves).
We return to this interesting question in Chapters 8 and 9.

The social intelligence hypothesis predicts that species living in
large social groups should be able to track other individuals’ relation-
ships and ranks more accurately than closely related species living in
small family groups. Alan Bond, Al Kamil, and their colleagues tested
this hypothesis on two species of jay with markedly different social
organizations.

Pinyon jays are highly gregarious—they are sometimes referred to as
“avian baboons.” They live in stable flocks of 50 to 500 birds, each con-
taining individuals that are linked by kinship and arranged in a linear
dominance hierarchy. By contrast, western scrub jays (like nutcrackers)
live either alone or in small monogamous family groups. The two spe-
cies are closely related and sympatric throughout much of Colorado
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and Arizona. The birds were tested on their ability to make transitive
inferences—that is, to recognize that if A is dominant to B and B is
dominant to C, then A must be dominant to C. Transitive inference is
crucial to the recognition of relative rank in a dominance hierarchy.

In the first experiment, each bird was presented with two stimuli,
A and B (denoted by different colored circles), and rewarded for select-
ing A. Once the bird had reached a certain level of performance, it was
presented with a novel pairing, B and C, and rewarded for selecting B
(note that B is the incorrect answer when paired with A, but the correct
answer when paired with C). After reaching criterion on the B/C pair-
ing, they were tested with C/D (C was rewarded), D/E (D rewarded), and
E/F (E rewarded). Pinyon jays performed significantly better than scrub
jays, especially as more items were added to the list.

In the next experiment, the birds were tested with nonadjacent stim-
uli like B and D. Both species performed well, especially on nonadjacent
pairs like B/D that were drawn from the top part of the hierarchy. But
when the birds were tested with nonadjacent stimuli, like D/F, toward
the bottom of the hierarchy, a striking difference emerged: scrub jays re-
sponded quickly but were often wrong, whereas pinyon jays took much
longer to respond but were usually correct. Apparently, during training
the scrub jays had memorized each combination of pairs, whereas the
avian baboons, the pinyon jays, had memorized the ranked list. As a
result, although the pinyon jays seemed to have to “recite” the entire
list in their heads before making a choice, they were more accurate
than scrub jays at recognizing the relative relation between nonadja-
cent pairs (Bond et al. 2003).

A subsequent experiment has shown that pinyon jays use transitive
inference to calculate their own dominance status relative to that of a
stranger they have observed interacting with their group-mates. In this
study, four jays were placed in each of two cages and allowed to form
their own dominance hierarchies. We will call the dominance hierar-
chy in the first group A > B > C > D and the one in the second 1 > 2 >
3 > 4. The cages were kept in separate rooms, so the jays were unfamil-
iar with the members of the other group. A bird (say, bird 3) was then
temporarily removed from its group and allowed to witness two paired
encounters (Fig. 29). In the first A dominated B; in the second B domi-
nated 2 (note that only bird 2 was familiar to bird 3). Next, bird 3 was
placed in the same cage as bird B. In all cases, bird 3 deferred to B. The
bird acted as if he had made the transitive calculation “B may be subor-
dinate to A, but he’s clearly dominant to 2. Given that 2 is dominant to
me, I'd better be submissive to B.” The bird could only have made this
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Figure 29. The protocol for tests of transitive inference in pinyon jays. (a) All dyads in two social
groups were first tested in competitive interactions to establish their relative dominance ranks.
In one group, A > B > C, etc. In the other group, 1 > 2 > 3, etc. Next, a bird (e.g., bird 3) from
one group observed a staged competitive encounter between two other contestants. If bird 3
was in the test condition (b), he observed A > B and B > 2, where only 2 was familiar to 3. If
bird 3 was in the control condition (c), he observed A > B and B > C, where all three birds were
unfamiliar to 3. In either case, bird 3 was then tested with bird B. Bird 3 was significantly more
likely to behave subordinately to B in the test condition. Figure provided by G. Paz-y-Mifio.

calculation by taking a non-egocentric perspective and recognizing the
relative ranks that exist among others (Paz-y-Mifio et al. 2004).

In less social settings, many gregarious species of birds and mam-
mals can make similar relational distinctions. For example, the African
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gray parrot (Psittacus erithacus), Alex, is reported to make explicit same/
different judgments about sets of objects (Pepperberg 1992). Sea lions
and dolphins have been taught to respond to terms such as left, right,
dark, and bright that require them to assess relations among a vari-
ety of different objects (Schusterman and Krieger 1986; Schusterman
et al. 1993; Herman et al. 1993a; Mercado et al. 2000). And a number
of species, including parrots and rats, are able to assess quantities, sug-
gesting that relatively abstract concepts of number and transitivity
may be pervasive among animals (Pepperberg 1994; Church and Meck
1984; Capaldi 1993; Suzuki and Kobayashi 2000; reviewed by Shettle-
worth 1998).

Finally, birds and nonprimate mammals like dogs seem to be at least
as adept as monkeys and apes at gleaning information from other indi-
viduals’ direction of gaze, at recognizing other individuals’ perspectives
and motives, and at concealing their behavior from others. The ability
to read other individuals’ minds—if only at a very rudimentary level—
constitutes a crucial component of social intelligence. We discuss this
question at length in Chapters 8 and 9.

Taken together, the data from studies of dolphins, hyenas, and sev-
eral species of birds raise the possibility that monkeys appear to have a
greater capacity to recognize other individuals’ relationships only be-
cause they have received more attention than nonprimate species liv-
ing in similarly large groups. Once this imbalance in research has been
redressed, the difference between primates and other animals will dis-
appeatr, to be replaced by a difference that depends primarily on group
size and composition.

Social cognition in more solitary species

It is also possible that neither phylogeny nor group size has determined
an individual’s ability to gain information about others. There may,
in effect, be no substantive differences across species in “social” intel-
ligence. After all, much information about other individuals’ social
relationships can be acquired through relatively simple processes of
association and transitivity. If animal A outranks B, and B outranks C,
it is not too difficult to conclude that A will outrank C. Highly social
species like baboons, hyenas, and pinyon jays might appear to excel in
their ability to recognize other individuals’ relative ranks only because
their large social groups allow them to display this knowledge. Solitary
animals, or animals that live in small family groups, might be just as
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skilled but fail to display their knowledge because the opportunity to
monitor interactions among many other individuals rarely arises.

Recent research on “eavesdropping” by birds and fish has shown that
animals living in small social groups are indeed capable of acquiring
detailed information about other individuals’ relative dominance or at-
tractiveness as a mate. Like their North American relatives the chicka-
dees, great tits (Parus major) in Denmark form monogamous pairs in
which the male defends his territory against other males by singing.
When an intruder encroaches onto a male’s territory, the resident typi-
cally engages in a singing contest with his rival. In great tits, dominance
takes the form of interruption. If a male—either the territory holder or
his challenger—feels that he can dominate his rival, he will challenge
him by singing over his song. Subordinate males, in contrast, will po-
litely remain silent when their rival is singing.

To test whether male tits acquire information about potential
opponents by eavesdropping on other males’ interactions, Peake and
colleagues (2002) used playback experiments to simulate an encounter
between a male subject and an intruder (A). A loudspeaker was placed
onto the subject’s territory and A’s song was played. (Note that A isnota
real bird, only a vocal representation of one.) When the subject answered
with his own song, a computer manipulated the timing of A’s response in
such a way that in some contests A won the singing match, while in oth-
ers the subject did. Fifteen minutes after this playback, the experiment-
ers simulated a singing contest between A and another strange bird, B,
outside the subject’s territory by broadcasting A’s and B’s songs from two
loudspeakers. In some of these simulated contests, A won the contest; in
others B won. The loudspeaker was then moved back onto the subject’s
territory and B’s song was broadcast to the subject.

If the subject had previously dominated A, and A had dominated
B, the subject responded only weakly to B’s intrusion. He appeared to
regard B as someone who posed little threat. But if A had dominated the
subject and B had dominated A, the subject responded to B’s intrusion
by singing at a high rate, as if he recognized that B represented a signifi-
cant challenge to his territory. Subjects behaved as if they had acquired
information about B’s dominance relative to their own by noting B'’s
relationship with A and integrating this information with their own
experience with A (Peake et al. 2002). They behaved, in other words, as
if they were guided by the transitive rule “if I can dominate A, and A
can dominate B, then B is no threat to me.”

Eavesdropping on the singing contests of other males allows males to
assess a rival’s status without engaging in a potentially costly conflict.
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It also allows females to assess their mate’s relative dominance. In an
experiment conducted on Canadian chickadees that parallels the study
on great tits, females were given the opportunity to eavesdrop on simu-
lated singing contests between their mate and a neighboring male. In
some playbacks, the mate appeared to win the contest; in others, he ap-
peared to lose. Subsequent paternity tests on the pairs’ offspring showed
clearly that females were paying attention. The males who had won the
simulated encounters fathered all the chicks in their nest. In contrast,
the nests of males who had lost their encounters contained many chicks
that had been fathered by the neighboring male (Mennill et al. 2002).

Fish, too, eavesdrop on other individuals’ competitive displays when
assessing their chances of beating an opponent. In one experiment,
male Siamese fighting fish (Betta splendens) observed an aggressive inter-
action between two unfamiliar males from behind a transparent parti-
tion. Observers subsequently avoided the winner of the contest at a
significantly higher rate than the loser, suggesting that they had gained
information about the two fishes’ fighting ability through their obser-
vations (Oliveira et al. 1998).

Even relatively unsocial species, then, have a sophisticated knowledge
of other animals’ relations. This behavior is clearly adaptive, because it
allows listeners to assess a rival’s skills at very little cost to themselves.
As we mentioned earlier, however, it is difficult to ascertain whether the
social intelligence of solitary or monogamous species is equivalent to
that of more social species, because under natural conditions these less
social species simply do not have the opportunity to monitor the ranks
of more than two or three other individuals. Comparative tests con-
ducted in the laboratory, like those of Bond et al. (2003) on pinyon and
scrub jays, lend some support to the hypothesis that social complexity
is correlated with superior performance in some cognitive tasks. But
more data are needed from both natural and laboratory studies before
we can make any definitive conclusions about cognitive differences be-
tween primates and other animals, or between species living in large as
opposed to small groups.

Reconciling “social” and “technological” intelligence

Finally, we must consider the possibility that large brains in apes and
humans—if not in monkeys—evolved as a result of selective pressures
favoring social learning and technological innovation rather than skill

in social interactions. Recently, Reader and Laland (2002) accumulated
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data on 116 primate species and looked for evidence of innovation (de-
fined as apparently novel solutions to environmental or social prob-
lems), social learning (the acquisition of information from others), and
tool use. They assumed that the frequency of such behaviors, corrected
for the amount of time that had been devoted to studying each species,
would provide a useful measure of a species’ behavioral flexibility and
that behavioral flexibility is a good measure of intelligence. They found
significant positive correlations between brain size and all three be-
haviors. There was also a close relation between innovation and social
learning. Group size, however, was not closely related to any of these
behaviors. The lack of a strong correlation between group size and in-
novation was due primarily to three primates: New World capuchin
monkeys, chimpanzees, and orangutans (Fig. 30). All three have large
brains, use tools in a variety of contexts, but live in comparatively small
groups—in the case of orangutans, sometimes no group at all. These
correlations suggest that tool use and behavioral flexibility, not the
complexity of social groups, have driven brain evolution in apes and
humans (Reader 2003; for a similar argument, see Kaplan et al. 2000;
van Schaik 2004).

Figure 30. As her infant looks on, a chimpanzee in the Tai Forest of the Ivory Coast uses a rock
to crack open a palm nut. Photograph by Roman Wittig and Cathy Crockford.
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Reader and Laland’s results remind us that ecological and social
skills are difficult to distinguish in present-day species and unlikely
to have played entirely separate roles during evolution. Social learn-
ing, after all, can help individuals to acquire food, and tool use can
have social as well as ecological benefits. Jane Goodall (1968), for exam-
ple, describes a male chimpanzee who rose in rank after he learned to
bang together garbage can lids in dominance displays. Because inno-
vation and tool use are highly dependent on social learning, perhaps
the most appropriate conclusion to make is that “social” and “technol-
ogical” intelligence should not be contrasted as alternatives, but as
selective forces that are inextricably linked. In any case, the absence
of any data on apes’ knowledge of other individuals’ social relation-
ships makes it impossible to contrast the two sorts of intelligences
in apes.

Another hypothesis—first proposed by Alison Jolly (1966) and one
to which we return to at the end of this book—argues that the techno-
logical and innovative skills that we see in rudimentary form among
chimpanzees (and hyperbolically so in humans) have their roots in
the selective forces that originally favored the evolution of social skills.
Technological innovations require planning and the kind of “what-if”
contemplations that can arise only through introspection. The propa-
gation of innovative technology demands, in turn, the ability to rec-
ognize other individuals’ goals and motives, to imitate, and in at least
some cases also to teach. Chimpanzees routinely manufacture and use
simple tools. They also show evidence of planning and imitation. Ba-
boons and other monkeys rarely if ever manufacture tools, but they
may have a limited capacity to access and monitor their own knowledge
and to attribute mental states to others (Chapters 8 and 9). Indeed, in-
ferences about other individuals’ intentions—or at least their intention
to behave in certain ways—guide almost every component of baboons’
social behavior, including especially their vocal communication. In ad-
dition to placing computational demands on their participants, there-
fore, social groups may require individuals to make inferences about
other group members’ intentions and to plan alternative scenarios for
future behavior. It seems highly plausible, as Reader and Laland sug-
gest, that the “ability to learn from others, invent new behaviors, and
use tools may have played pivotal roles in primate brain evolution”
(2002:4436). It also seems likely, though, that these skills piggybacked
and built upon mental computations that had their origins in social
interactions.
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Are monkeys different from other animals?

What, then, are the differences between monkeys’ social knowledge and
that of other species? The short answer is that we just do not know. It is
now clear that gregarious species like hyenas and pinyon jays recognize
other individuals’ relative ranks; hyenas may also recognize other indi-
viduals’ kin. In their basic knowledge of others’ ranks and kinship rela-
tions, therefore, there may not be many differences between monkeys
and nonprimates. However, there are at least five other components
of baboons’ (and by extension, other monkeys’) social knowledge that
have not thus far been documented in birds or nonprimate mammals,
and which might yet reveal qualitative differences.

First, baboons are able to track short-term changes in the status of
transient relationships like sexual consortships (Chapter 6). Although
it seems likely that other animals are also capable of monitoring tran-
sient social relationships, the necessary experiments have not yet been
conducted.

Second, monkeys appear to classify other group members simultane-
ously according to both their individual attributes (like rank) and their
membership in higher-order groups (like matrilineal families) (Chap-
ter 6). The ability to classify others into hierarchical categories allows
baboons to take into account other individuals’ rank and kinship at the
same time. Although animals such as hyenas, elephants, and dolphins
may live in groups with similarly nested hierarchical structures, we do
not yet know whether nonprimate animals make the same simultane-
ous assessments.

Third, although female baboons group other females into matrilines,
or “equivalence classes” (Schusterman and Kastak 1998), they nonethe-
less recognize the members of a matriline as distinct individuals who
are not mutually substitutable. Recall, for example, that when female ba-
boons hear the reconciliatory grunt of their opponent’s kin, they change
their disposition toward their opponent and that relative but not toward
other members of the opponent’s matriline (Chapter 6). Reconciliation
is specific to the opponent and the relative whose grunt they hear. Fu-
ture research may (or may not) show that other animals make the same
subtle distinctions within members of the same equivalence class.

Fourth, in treating the grunts of their opponent’s relative as a proxy
for reconciliation with the opponent herself, baboons show that they
assume that the grunt is directed at them and is causally related to the
dispute. They make this causal inference even though they have not
interacted with the signaler. Whether or not other animals are capable
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of making similar indirect causal inferences when evaluating social sig-
nals remains to be determined.

Finally, baboons seem almost irresistibly compelled to recognize
other individuals’ social relationships, even when these social relation-
ships involve the members of another species. Dogs herd sheep and
goats, but it is not known whether even breeds like border collies, which
have been specifically selected as herders, are as skilled as the baboon
Ahla in recognizing the mother-offspring relationships among their
charges (Chapter 2). Perhaps the best way to answer these questions will
be to rear dogs, hyenas, dolphins, and pinyon jays with goats, and then
sit back to see whether they can resist the temptation to reunite kids
with their mothers.
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Theory of Mind

We cannot perceive the thought of another person at all, we can only infer it
from his behavior. CHARLES DARWIN, 1840: OLD AND USELESS NOTES

In October 1960, during the trial of D.H. Lawrence’s pub-
lisher on the charge that Lawrence’s novel, Lady Chatter-
ley’s Lover, was obscene, several clergymen testified for the
defense. One, Canon Milford, introduced a subtle distinc-
tion. He argued that if, during the scenes in question, a
reader of Lady Chatterley identified with one of the two
lovers, that would not be indecent; however, if a reader
assumed the perspective of a third party, observing the
lovers from behind a tree, that would indeed be obscene.
Years later, reflecting on this opinion, the writer Anthony
Powell (1983) concluded that Canon Milford’s distinction
was an important one, recognizing as it did the “important
division of the human race between voyeurs and exhibi-
tionists.”

Theory of mind and the intentional stance

Regardless of whether we are exhibitionists or voyeurs, our
thoughts and conversations are rife with inferences about
other individuals’ emotions, motives, and beliefs. Depend-
ing on these inferences, we may view another person’s be-
havior as deliberate, accidental, ignorant, or devious, and
we may, in turn, attempt to influence or alter his beliefs
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by telling him what we know to be true—or by lying. The ability to at-
tribute mental states like knowledge and ignorance to both oneself and
others is to have what Premack and Woodruff (1978) termed a “theory
of mind.” A theory of mind is a theory because, unlike behavior, mental
states are not observable, although they can be used to make predic-
tions about behavior.

Mental states are always about some other thing, be it a physical ob-
ject, another person, or another mental state. Whenever a person thinks,
believes, wants, or likes something, he is in what philosophers call an
“intentional state”! (Dennett 1987b). Mental states are intentional be-
cause of their aboutness, and because they are representations about the
world they may or may not be true. You can believe that your eccentric
aunt is planning to leave her fortune to you, but when you read her
will you may be in for a nasty surprise. Mental state attributions are
also recursive, because one element “recurs” inside another at different
levels of meaning. You believe that your aunt is leaving you money in
her will because she mistakenly believes that you will give the money to
her cat orphanage.

In thinking about mental state attribution and intentional states in
nonverbal animals, the philosopher Daniel Dennett (1987b) has sug-
gested that we begin with the assumption that an animal is an inten-
tional system, capable of mental states like beliefs and desires. But what
kinds of beliefs and desires? Here Dennett’s different “levels” of inten-
tionality provide us with a number of alternative hypotheses. Using
vervet monkey alarm calls as an example, Dennett begins by consid-
ering that a vervet might be a zero-order intentional system, with no
beliefs and desires at all. A vervet with zero-order intentionality gives
an alarm call whenever he sees a leopard because the sight of a leop-
ard triggers this reflexive response. Alternatively, a vervet might have
first-order intentionality and give an alarm call because he believes that
there is a leopard nearby or because he wants other vervets to run into
the trees. At this level, the caller has beliefs and desires but he has no
conception of his audience’s beliefs, nor need he recognize the possible
difference between his own beliefs and another’s.

Vervets might also be second-, third-, or even higher-order inten-
tional systems, with some understanding about both their own and
others’ states of mind. A vervet capable of second-order intentionality
gives an alarm call because he wants others to believe that there is a leop-
ard nearby. At even higher levels, both the signaler’s and the audience’s

1. Note that the use of “intentional” in this philosophical context is quite different from ev-
eryday uses of the term, where “intention” is used synonymously with motive, goal, and purpose.
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states of mind come into play. At the third level of intentionality, the
vervet gives an alarm call because he wants others to believe that he
wants them to run into the trees. True linguistic communication, it has
been argued, requires at least second-order intentionality on the part
of both speaker and listener (Grice 1957; see Chapters 10 and 11 of this
volume).

Whether or not baboons or other animals are capable of distinguish-
ing between their own and others’ knowledge and perspectives is, as
we will see, a contentious issue. Humans, in contrast, are intentional
systems almost to a fault. Inferences about our own and others’ mental
states govern our social interactions and conversations, affecting what
we say and how we interpret other people’s behavior. In our courts, we
use our judgment of intent to decide if a defendant is guilty or innocent,
even when his actions are not in doubt. Our impulse to explain events
in terms of motives and beliefs is so strong that we are even inclined
to ascribe devious and malevolent intentions to machines like cars and
computers when they fail to behave as we want. The ornate recursive-
ness of mental state attributions reaches perhaps its most baroque and
tortuous levels in the reflections of adolescent girls, who have no diffi-
culty parsing a sentence like “He thinks that she thinks that he doesn’t
know that she doesn’t really like him.” The apotheosis of mental state
attribution, however, can be found in the titles of country music songs,
where convoluted references to theory of mind are almost mandatory:
Am 1 going crazy or just out of her mind?; I forgot more than you’ll ever know;
and I wish I didn’t know now what I didn’t know then.

Some mental state attributions are relatively simple. If we see some-
one look into a box, his gaze and attention inform us that he is probably
looking at something. If someone’s back is turned when another per-
son enters the room, we assume that he cannot see, and hence cannot
know, who has entered. Attributions like these are often implicit; we
make them without deliberate introspection. Other mental state attri-
butions require more explicit thought and planning. Consider Rosalind
in Shakespeare’s As You Like It. In love with Orlando and disguised as the
young man Ganymede, she flees in exile to the forest, where she encoun-
ters the equally besotted Orlando. When Orlando confesses his love for
Rosalind to her (him), she (Ganymede) offers to pretend to be Rosalind
so that Orlando can perfect his wooing techniques on her (him). We
have no difficulty following such a silly subterfuge. Would a baboon?

In addition to helping us understand others, a theory of mind allows
us explicit access to our own mental states. Introspection not only per-
mits the exquisite agony of reliving real and imagined faux pas, but also
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allows mental “time traveling.” We can travel into the past, meandering
mentally from room to room in a fruitless attempt to remember where
we left our glasses, and we can project ourselves into the future, plan-
ning how to avoid an awkward dinner party. The extent to which such
“episodic memory” depends on language, and whether animals, too, are
capable of imagining themselves in past and future scenarios is a hotly
debated issue.

In this and the following chapter, we explore evidence for a theory of
mind in baboons and other animals. We devote this chapter to a review
of animals’ assessments of other individuals’ mental states. We consider
animals’ ability to reflect upon their own mental states in Chapter 9.
In addition to drawing on a rather inconclusive set of examples from
baboons, we review some experiments that have been conducted on
captive monkeys, apes, and other animals. Often, these are more illu-
minating. We begin with a review of the development of mental state
attribution in children—not because we believe that ontogeny recapitu-
lates phylogeny, or because baboons should be regarded as ugly, badly
behaved children. Instead, the extensive research on children provides
a framework within which to assess the work on animals.

Children’s theories of mind

Anyone who has ever played hide-and-seek with a young child knows
that two- and three-year-olds are terrible hiders. The compliant adult
diligently searches the room, ignoring the legs exposed from under the
bed and feigning repeated astonishment at finding the delighted child
hiding over and over again in the same place. The child’s operational
rule seems to be “if I can’t see him, I can’t be seen.” The other individu-
al’s visual perspective is not taken into account. Children are also very
poor liars. A two-year-old we know once spent a happy naptime indus-
triously painting the bedroom walls, then warned her parent not to en-
ter the room because it was filled with “bad bees and spiders.” There was
a glimmer of a theory of mind in this ruse, but not enough to appreciate
what makes a plausible lie. A more imaginative explanation for a similar
transgression was offered by a three-year-old of our acquaintance who
asserted that she couldn’t possibly have done anything wrong because
“I never do anything on purpose.”

Given the ubiquity of mental state attribution in normal adult dis-
course, it is perhaps surprising that young children are so very bad at it.
Indeed, before about four years of age children have considerable diffi-

149



CHAPTER EIGHT

culty recognizing that another person’s beliefs and perspectives can be
different from their own, and at variance with reality.

In an early experiment investigating the development of mental state
attribution, Wimmer and Perner (1983) presented children with scenar-
ios in which they had to predict the behavior of others. The children
watched a show in which a puppet, Maxi, put a piece of chocolate into
a blue cupboard. Maxi then left the room, and in his absence another
puppet removed the chocolate from the blue cupboard and placed it in
a green one. The children were then asked where Maxi would look for
the chocolate when he returned. Children under four years of age con-
sistently indicated the green cupboard, the cupboard where they knew
the chocolate now was. In contrast, older children correctly pointed
out that Maxi would believe that the chocolate was still in the blue cup-
board. The younger children’s errors were not due to faulty memory, be-
cause they remembered where Maxi had placed the chocolate. Rather, it
seems that children’s ability to represent two incompatible beliefs does
not become established until around four years of age (see also, e.g.,
Hogrefe et al. 1986; Astington et al. 1988).

Children do not simply wake up one morning with the ability to rec-
ognize that people can hold false beliefs. The ability to attribute mental
states to others develops gradually, and there are hints of mental state
attribution even in very young infants (Bartsch and Wellman 1995).
Infants as young as six months of age attend to their mother’s direction
of gaze when inferring where to look, and by 18 months of age they
can guess both the direction and the location of an adult’s focus of
gaze even when it falls outside their own visual field (Butterworth and
Jarrett 1991). Infants also seem to have a rudimentary concept of other
people’s goals and intentions. When six- to nine-month-old infants
watched a hand reach repeatedly for one of two toys, they looked longer
when the hand suddenly reached for a new toy than when the hand
continued to reach for the old toy, but using a different motor pattern
(Woodward 1998). The infants appeared to impute intent to the actor
and were surprised when her interest in one toy switched to the other.

By one year of age, children begin to recognize that gaze has some
referential content and that looking is directed at something in the
environment (Brooks and Meltzoff 2002). One-year-olds seem to un-
derstand that words can be mapped onto objects and actions in the
world (reviewed by Fisher and Gleitman 2002; Bloom 2003). Crucially,
this understanding is accompanied by a form of “social referencing”
in which the child uses other people’s direction of gaze, gestures, and
emotions to appraise unfamiliar objects and situations. The child acts
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as if she has developed a tacit understanding that gaze and attention are
a reflection of underlying knowledge and motivation (Baldwin 1993;
Malle et al. 2001; Phillips et al. 2002; Tomasello 2003). As a result, if
an adult is looking at a particular object when she says a new word, the
child will assume that the word is the name for that object (Chapter
10). At this age, children also begin to use gestures and sounds to re-
cruit adults’ attention, both to themselves and to external objects or
events. In pointing toward a desired object, they turn to the addressee
as if to check that the message has been received, and they repeat and al-
ter sounds or gestures that have been interpreted incorrectly (Golinkoff
1986; Bretherton 1992).

By the age of 18 months, children develop an understanding of peo-
ple’s likes and dislikes, even if these differ from their own. Repacholi
and Gopnik (1997) presented 18-month-old children with a scenario in
which an actor expressed a strong affection for broccoli. The children
were then given a cracker and a piece of broccoli, and the actor said
“Give me some.” Even though all of the children had previously demon-
strated a decided preference for crackers, they consistently handed the
broccoli to the actor. This behavior was not solely the result of greed,
because the children would also hand the cracker to another actor if the
actor had demonstrated a liking for it.

Finally, by the age of two years children begin to distinguish be-
tween ignorance and knowledge in others (O’Neill 1996). In one experi-
ment, two-year-olds were shown a new toy that was then placed on a
high shelf. The parent either witnessed the event or was absent from
the room when the event occurred. When subsequently asking the par-
ent to retrieve the toy, the children were more likely to name the toy
or gesture at it when the parent had been absent than when the parent
had been present.

One of the most striking features of children’s developing theory of
mind is their strong motivation to share knowledge and beliefs with
others, and to view others as intentional, sentient beings like them-
selves. Children of one and two years of age want to share their ex-
periences and emotions with others. They are strongly motivated not
only to use others’ attention to learn new words and assess events but
also to inform others about their own intentions and emotions. One
consequence of young children’s sensitivity to shared attention and
emotion is their strong capacity for empathy. In one experiment, 18-
month-old children were presented with situations in which they could
help an unfamiliar adult achieve a goal, such as handing the adult an
object that was out of reach. The children clearly recognized the adult’s
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motives and goals and were strongly motivated to help him, even when
they derived no benefit from their actions (Warneken and Tomasello
2006; Tomasello et al. 2005). Such eagerness to empathize is, as we will
see, less evident in apes.

In summary, an implicit version of a theory of mind emerges at
around 18 months of age, aiding young children in their assessments
of intentions, desires, and joint attention and guiding their learning
of language. A more explicit awareness of beliefs and knowledge, and
the role played by mental states in behavior, does not appear until
much later, at around four years of age (Frith and Frith 2003). At this
age, children not only begin attributing complex mental states to oth-
ers but also report the reasons for their own and others’ knowledge and
beliefs. Long before they pass the false belief task, however, children
reveal that they view others as intentional beings with goals, motives,
likes, dislikes, and even knowledge. Their ability to compare another’s
perceptual state with their own forms the basis of a social referencing
system that is integral to early word learning and the development of
social relationships (Bloom and Markson 1998; Tomasello 2003).

These studies, though, beg an obvious question: If a two-year-old
can distinguish between an ignorant and a knowledgeable parent, why
can’t she solve the false belief task? One possible answer is that the
traditional false belief task (“Where will Maxi look for the chocolate?”)
requires children to make an explicit, verbal assessment of another per-
son’s beliefs. In contrast, simpler tests examine implicit knowledge that
does not require conscious reflection.

Supporting this view, there is some indication that even very young
children do recognize false beliefs in others, but they do so implicitly
and without being aware of doing so. In a recent experiment, 15-month-
old infants were presented with scenarios in which an actor could have
either a true or a false belief about the location of a toy. The setup was
similar to the one described for Maxi the puppet. In the true belief
scenario, both the child and the actor witnessed a toy first being placed
into one box and then moved to a new box. In the false belief scenario,
the actor left the room before the toy was switched to the new box
and so still “believed” that the toy was in the old (now wrong) box. If
infants had a rudimentary understanding of the actor’s beliefs, they
should have been surprised to see the actor reach into the old box in
the true belief scenario, but not in the false belief one. But if their re-
sponses were guided solely by their own knowledge of where the toy
was hidden, they should have been surprised to see the actor reach into
the old box in both scenarios. In fact, the infants were more surprised
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when the actor reached into the old box in the true belief scenario than
in the false belief one (Onishi and Baillargeon 2005; see also Garnham
and Ruffman 2001). One explanation for these results is that, although
they are not explicitly aware of it, even very young children have a tacit
understanding of other individuals’ likes, knowledge, and beliefs.

The results are also consistent, however, with a simpler interpretation
based solely on learned behavioral contingencies (Perner and Ruffman
2005). The children could simply have learned that people tend to
search for an object in the place where they last looked at it. According
to this interpretation, the children were not surprised when the actor
reached into the wrong box in the false belief scenario because she had
last looked at the object when it was in that box. In contrast, the chil-
dren’s expectations were violated when the actor reached into the wrong
box in the true belief scenario, because she had last looked at it when it
was in the other box. If this explanation is correct, very young children
have an implicit understanding about other people’s likely behavior
(and perhaps even attention), but not about their beliefs. As we will see,
similar behaviorist interpretations dog almost every experiment and
observation that suggests a form of mental state attribution in animals.

Some exasperating anecdotes from baboons

Baboons and other primates often behave as if they attribute mental
states to others. The problem is that their behavior can almost always
be explained in terms of relatively simple learned behavioral contingen-
cies, without recourse to a theory of mind. This dilemma is especially
obvious in the context of apparently “deceptive” behavior.

For example, when a low-ranking female baboon discovers a clutch
of bird eggs, she looks furtively around her and then stuffs as many eggs
into her mouth as fast as she can. If she is detected she runs away, avert-
ing her face from any onlookers. If another baboon catches up to her,
she resolutely keeps her mouth firmly closed, even when the other at-
tempts to pry it open. But if a high-ranking female stumbles on a similar
trove, she calmly and deliberately eats the eggs in plain view of others.
The inescapable impression is that the low-ranking female is trying to
conceal her discovery from others in order to avoid theft. For high-rank-
ing animals, such subterfuge is unnecessary.

How should we interpret the low-ranking female’s behavior? It cer-
tainly functions to deceive. But does she understand that if she conceals
her find others will remain ignorant? Or has she simply learned that
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she will be more likely to keep her eggs if she crams them as quickly as
possible into her mouth, out of sight of others?

Similar sorts of apparent deception occur during social interactions.
Hannah, the seventh-ranking female at the time, had been receiving
attention all morning from higher-ranking females who wanted to han-
dle her baby. Although these females had always been friendly, their
constant attentions had prevented Hannah from eating or resting. Han-
nah had just sat down to eat a fig when Sierra, the third-ranking female,
approached and reached for her baby. Hannah grabbed Sierra’s hand
and cuffed her on the face. Although Hannah'’s threat violated the es-
tablished rank order, Sierra did not retaliate but moved away. An hour
later, Sierra approached Hannah again. Perhaps remembering that she
had hit Sierra earlier, Hannah flinched and began to move away, but she
relaxed when Sierra began to grunt. As soon as Sierra reached Hannah,
she leapt on her and bit her on the neck.

How do we explain this anecdote? A rich explanation, based on the
assumption that baboons possess a full theory of mind, argues that
Sierra had been stewing angrily about Hannah'’s behavior for the entire
hour and wanted to exact revenge. Her grunts were intended to deceive
Hannah into thinking that Sierra was no longer angry and only wanted
to handle her baby. The simpler explanation makes no recourse to men-
tal state attribution. It argues only that Sierra approached Hannah in or-
der to handle her baby and then remembered that Hannah had threat-
ened her earlier. She therefore bit Hannah in delayed retaliation.

The problem is that both explanations are, at leastin principle, equally
plausible. Here is another example. When a high-ranking, potentially
infanticidal male begins to display and chase other males and females,
mothers with infants often hide to avoid detection. Often, their hiding
attempts are rather feeble. The female crouches against a tree trunk, so
that her face is hidden but much of her body is not. Her sorry attempt at
concealment recalls young children’s attempts at hide-and-seek. None-
theless, some females are excellent hiders. Amelia, for example, always
concealed herself in the densest clump of grass or the thickest and most
impenetrable thorn bush. Although very low-ranking, she never lost an
infant to infanticide. Had Amelia simply learned that she was unlikely
to be chased if she crouched in dense bushes, or was she aware, at some
level, of what other individuals could or could not see?

In other contexts, there is little ambiguity about the perplexing fail-
ure of baboons to recognize the perspectives of others. When baboons
cross from one island to another at the peak of the flood, they typically
choose the shortest and shallowest route. If the flood is large, however,
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they are often forced to wade or swim for hundreds of meters (Chap-
ter 3). Young infants are carried ventrally and can be completely sub-
merged for several minutes. Several years before we began our study,
we were told, Sylvia’s baby had drowned on a long crossing. Sylvia was
apparently oblivious to the plight of her infant and never attempted to
place him on her back. She acted as if she believed that, as long as her
head was above water, everyone else’s head must be above water too.
Perhaps it is unreasonable to expect baboons to understand the re-
lation between breathing and life. But baboons often also seem to be
insensitive to small juveniles’ intense fear and distress during long wa-
ter crossings. At the initiation of any water crossing, the smaller juve-
niles congregate at the water’s edge, whining, screaming, writhing on
the ground, and lashing their tails (Fig. 31). Some mothers backtrack
to retrieve their offspring, or wait at the other side of the crossing for
their offspring to emerge. Similarly, some adult males will occasionally
carry the juvenile offspring of their former friends on their backs. Other
mothers, though, forge blithely ahead, leaving their offspring to fend
for themselves. There have been several instances when young juveniles
have failed to make the crossing, either because a predator killed them

Figure 31. Two young juveniles huddle together anxiously as they watch the group initiating a
water crossing. Photograph by Anne Engh.
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after the rest of the group had left, or because they drowned as they
struggled to make the long crossing on their own. Although the mother
of an abandoned juvenile sometimes gives contact barks in response
to her offspring’s panicked screams on the opposite shore, she rarely
crosses back to retrieve it. And eventually she moves away with the rest
of the group—Ilagging behind, looking back at the crossing, and giving
occasional contact barks as the screams fade into the distance.

These Dickensian observations are puzzling from a number of per-
spectives. First, even the apparently callous mother who abandons her
offspring at long water crossings is not entirely indifferent to her off-
spring’s plight; she appears genuinely concerned by its agitated screams.
But she seems to fail to understand the cause of this agitation. She be-
haves as if she assumes that if she can make the water crossing, everyone
can make the water crossing. Other perspectives cannot be entertained.
Second, when a dependent infant dies, mothers often carry the body
for several days and give loud contact barks for several more days after
they finally abandon it. Why would a mother who gives contact barks
for days after the death of an infant walk away from a stranded young
juvenile? The easy, proximate explanation is that hormones such as oxy-
tocin, which are associated with lactation, cause mothers to seek contin-
uous contact with their infant, and that this motivation disappears after
weaning. Recall, though, that females who lose a close relative to preda-
tion or a sudden disappearance experience elevated glucocorticoid lev-
els, a clear indication of stress (Chapter 5). Thus mothers respond physi-
ologically, even though they do little to prevent their juveniles’ loss.

Suppose baboons had a full-blown theory of mind. Would this make
their lives any different? We humans are naturally inclined to make use
of our theory of mind when negotiating complex social relationships.
Buta simpler strategy based on the memory of past interactions can be al-
most as successful and result in ostensibly similar outcomes. People with
Asperger’s syndrome, a highly functional form of autism, often report
that they have difficulty recognizing complex mental states like envy
and love in others. Rather than relying on their (often faulty) assessment
of others’ mental states when a complex social interaction presents it-
self, they depend on a “library” of carefully stored memories of previous
interactions when deciding how to respond. At the same time, though,
people with Asperger’s syndrome are also aware of the strategy’s limita-
tions and the computational costs of calculating, through learned con-
tingencies, what others are feeling and thinking. Temple Grandin, an
autistic professor of animal behavior, has argued that animals’ responses
to social events are likewise guided by memories of previous interactions
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rather than theories about mental states (Grandin and Johnson 2005).
Instead of analyzing beliefs and desires, animals use past performance as
a guide to future behavior.

Indeed, there is almost no example of possible mental state attribu-
tion in animals that cannot also be interpreted in terms of contingency
learning. People often claim that their dog feels guilty when he does
something that he “knows” he shouldn’t do, like knock over the gar-
bage container. Dogs certainly act as if they know they have done some-
thing wrong; their Tai Chi slink is a caricature of guilt. But dogs often
assume the same guilty postures if another dog, or even a human, tips
over the garbage. Rather than experiencing guilt or remorse about their
actions, dogs are probably responding on the basis of a learned contin-
gency: when garbage is on the floor, people begin to shout (Grandin and
Johnson 2005).

The neural correlates of a theory of mind

The anecdotes from baboons suggest that monkeys, like young children,
fail to understand other individuals’ beliefs, perspectives, and predica-
ments. However, the evidence from young children also suggests that
implicit recognition of simple mental states—like intentions and emo-
tions—emerges at a considerably younger age than more explicit attri-
butions of knowledge and beliefs. This discontinuity may occur in part
because belief attributions are associated with different brain regions
from those involved with representing goal-directed action.

A thorough review of the neural correlates of “theory of mind” is
beyond the scope of both this book and our expertise (for reviews see
Frith and Frith 2003; Gallagher and Frith 2003; Saxe et al. 2004). What
we wish to emphasize here is recent neurological evidence that suggests
that monkeys, like young children, might be capable of simple forms of
mental state attribution even if they do not pass false belief tests. When
observing other animals’ gaze and actions, monkeys and humans show
a similar pattern of neural activity. When attributing knowledge, belief,
and other mental states, however, humans’ brains also show activation
in areas that have undergone enlargement recently in our evolutionary
history, since the ancestral line leading to humans diverged from the
common ancestor of humans, monkeys, and apes.

As noted in Chapter 7, in both monkeys and humans the percep-
tion of gaze direction and goal-directed behavior appear to activate the
same relatively primitive areas of the brain, including the superior tem-
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poral sulcus (STS) and the amygdala. The STS is particularly sensitive to
the orientation of another individual’s eyes (Jellema et al. 2000; Emery
and Perrett 2000; Chapter 7). Mutual gaze evokes greater activity in the
STS than does averted gaze, suggesting that the STS facilitates the pro-
cessing of social information (Pelphrey et al. 2004). In both monkeys
and humans, STS also responds to goal-directed actions and percep-
tions. Cells in monkeys’ STS show particular increased activity to goal-
directed hand movement when the actor they are observing is gazing
at his hand (Jellema et al. 2000; Lorincz et al. 2005). It therefore seems
possible that STS may be involved in representing what others see and
what their actions and intentions are (Gallagher and Frith 2003). Simi-
larly, in both monkeys and humans the amygdala responds strongly to
social stimuli, particularly aversive ones. It also seems to be important
for processing information about gaze direction (Adolphs et al. 1999;
Kawashima et al. 1999; Fine et al. 2001; Santos et al. 2006a).

Other areas of monkeys’ brains seem to be sensitive to the intentions
that underlie behavior. As in humans, “mirror neurons” in the inferior
parietal lobule (IPL) of monkeys’ brains are activated both when a mon-
key performs a specific action and when he observes someone else per-
forming that action. Furthermore, neurons that code for specific acts,
such as grasping, seem to be context-dependent. Some mirror neurons
in the monkey respond more when the monkey grasps a piece of food
to eat it than when he grasps the same food to place it into a container.
This same context-dependence is preserved when the monkey observes
another individual perform these actions. Significantly, many neurons
begin to fire before the other individual actually performs a specific ac-
tion—thatis, before he grasps-to-eat as opposed to grasps-to-place. Thus,
it seems possible that these neurons encode not only the specific motor
act but also the actor’s intentions (Fogassi et al. 2005; see also Nakahara
and Miyashita 2005; Rizzolatti and Craighero 2004; Rizzolatti and Buc-
cino 2005). These results are perhaps not surprising, given the benefits of
being able to predict what others are going to do. A monkey should not
risk a fight over a piece of food that another monkey is grasping to eat.

In adult humans, however, tasks associated with belief attribution
also activate other areas of the brain, including the temporal lobes, the
temporo-parietal junction, and the medial prefrontal cortex (Apperly
et al. 2005). One part of the prefrontal cortex, the anterior paracingu-
late cortex (ACC), shows particular activation in tasks involving the rep-
resentation of mental states. This area of the brain has undergone com-
paratively recent evolution in both size and complexity (see Saxe and
Powell 2006 for further discussion about other brain regions activated
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when reasoning about other individuals’ thoughts). It also develops
very slowly during childhood (Fuster 1997; Frith and Frith 2003; Saxe
et al. 2004; Rilling 2006). Some projection neurons in the ACC are pres-
ent in apes and humans but not in monkeys and are more developed in
humans than in apes (Frith and Frith 2003). Moreover, in humans they
are not present at birth but begin to appear only at around four months
of age. Unfortunately, it has not yet proved possible to apply functional
neuroimaging techniques to infants and young children, so we can still
only speculate about the neural mechanisms underlying the developing
theory of mind.

In summary, the evolution of a full-blown theory of mind in humans
is correlated with the enlargement of specific areas of the brain, espe-
cially the prefrontal cortex. Other areas of the brain, including the STS,
help to interpret behavior and intentions and aid in imbuing content
and context to thought (Frith and Frith 2003), but they do not appear
to be involved in representing knowledge and beliefs. Taken together,
therefore, current neuroanatomical evidence predicts that monkeys
and apes, like young children, might be able to represent simple mental
states like emotions and intentions even if they cannot recognize more
complex ones like knowledge and beliefs. We explore this hypothesis in
more detail below.

Recognizing ignorance and knowledge in others

When moving through wooded areas or when separated from others,
baboons often give loud, clear barks that can be heard for over 500 me-
ters. Because they often appear to be exchanged between widely sepa-
rated individuals or subgroups, the barks seem to function as “contact”
calls (Fig. 32). Contact barks grade acoustically into alarm barks, but as
we describe in Chapter 10, baboons respond to these vocalizations as if
they were discretely different call types. Analogous “contact” calls oc-
cur in many other species of monkeys and apes. Male chimpanzees, for
example, often give loud “pant hoots” upon arriving at a food resource
(Wrangham 1977; Clark and Wrangham 1994). Typically, more calls are
given at large food patches than at small ones.

Despite these observations, there is some doubt about whether loud
calls have evolved specifically to alert others to food or to maintain con-
tact between separated individuals. Capuchin monkeys also give a spe-
cific call when they find a desirable food item. Rather than functioning
to recruit others, though, these calls seem to function to announce pos-
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Figure 32. Baboons who have become separated from the group often give contact barks. Pho-
tograph by Anne Engh.

session and to warn listeners that the owner will defend her prize (Gros-
Louis 2004). The calls certainly function as “food” calls—a listener can
easily learn to associate these particular calls with the discovery of food.
At a proximate level, however, the caller is attempting to deter, not at-
tract, others. Similarly, although chimpanzees give more pant hoots at
large food patches than at small ones, they do not call more when they
discover a new food source than when they are revisiting an old one
(Clark and Wrangham 1994).

Calls like these highlight a problem common to all studies of long-
range “contact” or “food” calls: although listeners can use the calls to
maintain contact or locate food resources, signalers may not call with
the purpose of informing ignorant animals of the group’s location. For
anyone interested in the existence (or lack) of a theory of mind in ani-
mals, the mechanisms underlying the production and perception of
these calls are crucially important. In the case of baboons, it seems clear
that individuals give contact barks because they have lost sight of others
and are feeling anxious. What is less clear is what listeners think when
they hear the contact barks of others. The key to solving this puzzle is:
who answers?
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An individual who attributes mental states to others recognizes that
her knowledge may be different from someone else’s. A baboon who
possesses a theory of mind, therefore, realizes that other individuals
give contact barks when they are separated from the group and want
to know where the rest of the group is. If she understands that another
group member is lost (and if she is motivated to help), she should an-
swer even when she herself is at the center of the group and at no risk of
becoming lost. On the other hand, if baboons do not realize that other
individuals’ mental states can be different from their own, they should
answer only when they themselves are also at risk of losing contact
with others. In this case, whether or not a baboon produces a contact
call will be determined primarily by her own circumstances (separated
or not) rather than her perception of another’s.

To test between these hypotheses, we designed an experiment in
which an adult female baboon was played the contact bark of a close
adult relative whom she might be motivated to answer—either a sister,
mother, or daughter. Eighteen females served as subjects. We conducted
trials when the group was moving through thickly wooded areas, and
we timed our trials so that there was variation in the subject’s position
in the group and in how far she was from others. All trials were con-
ducted during a time when no group member had given a contact bark
within the last half hour. In response to our playbacks, subjects oriented
in the direction of the speaker in 20 of 36 trials (56%), and “answered”
their relative’s contact bark in seven trials (19%). No unrelated females
ever answered the contact barks.

At first inspection, this rate of “answering” might be taken as weak
evidence for the selective exchange of contact barks among close kin.
But closer examination suggested otherwise. Females answered their
relatives’ contact bark primarily when they themselves were lagging be-
hind the group and separated from other females. Subjects who were
in the last third of the group progression were significantly more likely
to answer their relative than those in the first two-thirds. Similarly,
subjects were more likely to answer when they had no other female
within 25 meters than when there was at least one other female nearby.
In short, female baboons answered contact barks primarily when they
themselves were separated from the group. They answered their rela-
tive’s contact bark because hearing the call made them look around and
realize that they had become separated from a close companion. It is as
if they were thinking “That’s Shashe calling. Hey, I'd really like to be
with Shashe now,” rather than “Shashe’s lost; I'll let her know where I
am” (Cheney et al. 1996).
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We subsequently replicated these results by playing infants’ contact
barks to their mothers and to unrelated females, reasoning that moth-
ers should be particularly concerned about their infant’s whereabouts
and very responsive to signals indicating that their infant had become
separated from them. Infants are highly vulnerable to infanticide and
predation, so there ought to be strong selective pressure for mothers to
answer separated infants’ contact barks, even when they themselves are
at no risk of becoming lost.

Baboons apparently do not appreciate this logic. Mothers clearly
recognized their infants’ contact barks, because they were significantly
more likely to orient and move toward their infants’ calls than toward
the calls of other infants. Despite their strong behavioral responses,
however, mothers were no more likely to answer their own infant’s calls
than they were the calls of another infant. Instead, whether a female
answered depended again on her own position in the group. If a fe-
male was separated from others, she was likely to answer the infant’s
call—regardless of whether or not it was her own infant. If she was not
alone, she rarely answered any infant’s call (Rendall et al. 2000).

An individual who calls to maintain contact with separated group
members should answer the calls of others even when she is in the cen-
ter of the group progression. The ability to answer others under these
conditions, however, requires that a baboon recognize that others can
be lost even when she herself is not. The fact that baboons do not selec-
tively answer others’ calls suggests that they do not give contact barks
in order to provide others with information. The calls function as con-
tact calls because they allow a listener to deduce other individuals’ loca-
tions. When a group is moving through a wooded area, there are likely
to be several individuals who find themselves out of sight of kin or other
close companions at the same time. Through their calls, separated indi-
viduals can remain in contact until they locate each other and the rest
of the group. But communication is, in a sense, inadvertent, because the
listener extracts information from a signaler who has not, in the human
sense, intended to provide it.

These results are consistent with many other observations of birds
and mammals suggesting that signalers do not recognize whether or
not their audience is ignorant or already knowledgeable about the in-
formation being conveyed. Vervet monkeys and baboons, for example,
continue to give alarm calls long after all group members have been
alerted to the presence of a predator. Similarly, experiments conducted
with captive rhesus and Japanese macaques suggest that mothers do not
recognize when their offspring is ignorant or already informed about
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the presence of a nearby predator; they give alarm calls at the same rate
in both contexts (Cheney and Seyfarth 1990).

Perhaps because they cannot attribute mental states different from
their own to others, monkeys and apes also seem not to expect to be
informed or deceived. For instance, chimpanzees who remain silent
when they find a fruiting tree are not punished by those who arrive
later (Clark and Wrangham 1994). Similarly, when baboon mothers lose
track of their infants, they sometimes become quite frantic in their at-
tempts to locate them, climbing into trees and giving contact barks for
long periods of time. But when the infant finally leaves his play group
and reappears, his mother never cuffs or admonishes him for ignoring
her. To do so would require that she infer the intent to ignore. Instead,
the mother simply stops giving contact barks.

Baboons’ apparent insensitivity to others’ plight is especially puz-
zling when a predator attack or a deep water crossing splits the group.
As we described in Chapter 3, lion attacks sometimes divide the group
into widely scattered subgroups for several days. These separations are
clearly stressful, because females’ glucocorticoid levels are significantly
higher after lion attacks that cause a group split than after attacks that
do not (Engh et al. 2006b). During these periods of separation, members
of different subgroups give contact barks at a high rate and respond to
the contact barks of other subgroups. When the group finally reunites,
however, the separated parties do not run up to each other in joyful
embrace. They simply approach each other, cease calling, and resume
foraging. It is as if, once reunited, all emotions surrounding the separa-
tion simply disappear.

Equally enigmatic was the Lord of the Flies incident in 2004. The
annual flood was especially large that year, and the baboons had to
swim from island to island—something that the juveniles were loath
to do. One day, the adults crossed to another island, leaving almost all
of the group’s juveniles stranded behind. (Interestingly, within a day
the juveniles’ ranks had become completely size-dependent. The young
offspring of high-ranking females who had previously been able to sup-
plant juvenile females twice their size fell to the bottom of the hier-
archy, while the older offspring of low-ranking females became domi-
nant.) Not surprisingly, the juveniles seemed to find this separation very
distressing. They foraged around a small section of the island in a close,
bereft unit, and at night slept tightly bunched in the same tree (Fig. 33).
Throughout the day and night, they gave agitated contact barks and
screams. Those of us who were observing the adults on the next island
could hear the juveniles’ calls. The adult baboons, too, appeared to hear
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Figure 33. When the juveniles were left behind on an island, they foraged together in a tight,
bereft bunch. Photograph by Anne Engh.

their offspring calling, because they often oriented toward them. But
only one adult ever produced an answering bark. This bark, as well as
a distant copulation call, produced a flurry of frantic calls from the ju-
veniles—but these were never answered. The juveniles and adults were
reunited three days later. But the adults did not come to the juveniles;
instead, the juveniles swam to the adults.

These results again suggest that baboons do not produce calls in re-
sponse to their perception of another individual’s ignorance, predica-
ment, or ability. From a human's perspective, it is as if a mother were
chatting blithely with her friend in a busy supermarket, ignoring her
toddler’s cries in the next aisle. On the other hand, it is always possible
to argue (if perhaps implausibly) that baboons are behaving adaptively
even if they fail to respond to each other’s calls. As long as she knows
where her infant is, there is no real urgency for a female baboon to run
to collect it or to answer its calls. As long as the adult baboons knew
where the juveniles were during the Lord of the Flies separation, there
was no immediate need to reunite.

But once again, the situation is more complicated than this, because
for baboons it is not simply a case of “out of sight, completely out of
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mind.” During the same flood of 2004, a two-year-old male orphan,
Harley, became stranded alone after the group swam to another island.
Normally, a lone juvenile isolated under these circumstances would
have been killed by a predator. Harley, however, was resourceful. First
he joined a group of impala and foraged with them for two days. Then,
perhaps tiring of the impalas’ rather tedious company, he joined a group
of vervets, who tried but failed to chase him away. Throughout his sepa-
ration, Harley gave contact barks that were occasionally “answered” by
his aunts on distant islands. But the group never came to Harley’s is-
land, and Harley was left to forage alone with the vervets. Finally, five
weeks later, the group came to an island that was separated from Har-
ley’s island by only 50 meters of water. The group gathered at the water’s
edge, grunting and barking at Harley. Whenever Harley approached the
water, the group responded with a chorus of loud, rapid grunts. Finally,
after several forays, Harley swam to other side. As soon as he emerged,
his aunts ran up to him and attempted to groom him. First, however,
Harley approached a male who had immigrated into the group during
his separation and presented to him. The other group members obvi-
ously recognized Harley, and treated his reunification as more than a
casual event. Indeed, their behavior during this incident makes their
diffidence during briefer but more stressful separations even more dif-
ficult to understand.

A variety of results argue, therefore, that baboons and other primates
do not produce vocalizations in response to their perception of another
individual’s ignorance or circumstance. They appear not to understand
that their own knowledge and abilities might be different from some-
one else’s. But might they be capable of recognizing other individuals’
intentions and motivations?

Recognizing the link between seeing and knowing
Cooperative contexts

A colleague of ours, Conrad Brain, was once observing baboons in a des-
ert canyon in Namibia when he was approached by a juvenile, Chloe.
Chloe sat down several feet in front of him and gazed into his eyes.
Next, she looked down at the crevice below the rock where Conrad was
sitting and gave a soft alarm bark. She then gazed into his eyes again
and repeated the alarm call. Conrad followed Chloe’s direction of gaze
and saw a spitting cobra lying just below his feet. Once he had moved
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away, and taken time to think about the incident, what struck Conrad
most forcefully was his strong impression that Chloe had deliberately
made eye contact with him before she gave her alarm call.

Many studies have shown that monkeys and apes attend to other
individuals’ eyes and their direction of gaze (Perrett and Emery 1994;
Emery 2000; Deaner and Platt 2003; Ghazanfar and Santos 2004). They
use gaze to target opponents and to recruit support in aggressive alli-
ances (Sato and Nakamura 2001; Tomasello et al. 2001). Monkeys also
seem to recognize that displays and facial expressions are ineffective
without some degree of eye contact. They rarely display at another
individual if that individual’s back is turned to them, and they make
concerted efforts to engage eye contact before initiating a friendly or
aggressive interaction. Perhaps for this reason, baboons and other mon-
keys also often go to some lengths to avoid eye contact when someone
begins to threaten them. For example, when an adolescent male baboon
begins to threaten a female, the female will often take an intense and
sudden interest in a particular part of an adult male’s back and begin to
groom it assiduously. This drives the adolescent male into paroxysms of
frustration. He circles the female, trying to gain eye contact with her,
while the female slowly adjusts her position to ensure that her back
is always turned toward him. The adolescent male lunges toward the
female; he threat-grunts; he leaps up and down; he thrashes branches.
All the while, the female continues her intense grooming, seemingly
oblivious to the commotion surrounding her. (The encounter usually
ends when the adult male cracks and chases the adolescent away.) The
female’s attitude might be summed up as “if I'm not looking at you, you
can'’t really threaten me.”

Monkeys and apes also seem to recognize the relationship between
an individual’s gaze and the target of his attention. If a chimpanzee
observes a human gazing at something behind a barrier, she will search
behind the barrier, as if she recognizes that gaze is always directed at
something or someone (Tomasello et al. 1999). Similarly, in one experi-
ment conducted with Diana monkeys (Cercopithecus diana), a subject
was shown a photograph of a familiar cage-mate looking in a particular
direction. If a toy then appeared in a location opposite from the one
in which the monkey in the photograph was looking, subjects rein-
spected the photograph, suggesting a violation of expectation (Scerif
et al. 2004).

Other experiments, however, suggest that monkeys and apes may
not always understand that they can use another individual’s direction
of gaze to gain information about objects or events in the environment.
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In a test replicated many times and in many forms, a human presents
a chimpanzee with a choice of two boxes. One box contains food, the
other is empty. The experimenter then looks, gestures, or points to
the box containing the food. Although chimpanzees can eventually
learn to use these cues to locate food, they do not do so on the first
trial; their choices are essentially random (e.g., Tomasello et al. 1997;
Povinelli et al. 1999; Call et al. 2000; Brauer et al. 2006). Furthermore,
having learned the contingency rule “choose the box at which the hu-
man is looking,” they do not readily transfer this information to other
gestures, such as pointing. Similar negative results have been obtained
with monkeys (e.g., Anderson et al. 1996; Vick et al. 2001; Neiworth
et al. 2002).

Another series of experiments using somewhat different techniques
also concluded that chimpanzees fail to understand that seeing, atten-
tion, and knowledge are tightly linked. Chimpanzees who knew how to
beg for food by gesturing at a human were presented with two potential
human donors. One person looked at the chimpanzee. The other either
looked away, had her eyes blindfolded, or had a screen in front of her
face (or any of many other variations on this theme). If chimpanzees
understood the link between gaze and attention, they should have ges-
tured only at the person who could see them. However, they were as
likely to gesture at the person who could not see them as the one who
could (Povinelli and Eddy 1996).

This is not to say that this sort of task is beyond the capacity of any
animal. In particular, domestic dogs are very adept at using gaze or ges-
tures to determine which of two locations has food. When presented
with a human or another dog informant, they reliably choose the loca-
tion where the informant is looking, pointing, or orienting (e.g., Hare
et al. 1998; Hare and Tomasello 1999; Miklosi and Topal 2004). Indeed,
in one direct comparative experiment dogs were considerably more ac-
curate than chimpanzees in their ability to use communicative cues like
pointing, gazing, and reaching to locate food (Brduer et al. 2006). In ad-
dition to using other individuals’ direction of gaze to gain information,
dogs often go out of their way to make eye contact with others before
attempting to communicate with them, and they appear to be sensitive
to whether a person is attentive or inattentive (Gacsi et al. 2004). When
a dog wants to play ball, he will often drop the ball at the deserving
human’s feet and gaze back and forth from the human’s eyes to the
ball (often supplementing his pleas with a few whines). If the human is
in a sadistic mood and averts his head, the dog may circle around the
human until he is facing him once more and then repeat the process.
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Conrad Brain’s encounter with Chloe and the cobra should come as
little surprise to anyone who has ever lived with a ball-obsessed dog.

Given chimpanzees’ larger brains, the superior skill of dogs at re-
cognizing the informative content of gaze and gestures is puzzling.
Some scientists attribute the difference to the different social and eco-
logical environments in which primates and social carnivores evolved
(Hare and Tomasello 1999; Hare et al. 2002). Dogs are descendants of
wolves, carnivores that breed and hunt cooperatively. When coordinat-
ing their movements during cooperative hunts, it is essential to moni-
tor other individuals’ gaze cues and orientation. Dogs have also been
artificially selected for thousands of generations to be acutely sensitive
to human behavior and attention. In contrast, under natural conditions
monkeys and chimpanzees do not routinely share food or inform each
other of the location of food, nor does their survival depend on coor-
dinated group hunts. Further, monkeys and chimpanzees never natu-
rally point or gesture to one another while foraging. For this reason,
they may not readily attend to such cues when interacting with human
experimenters.

Competitive contexts

These observations led Brian Hare and his colleagues (2000) to predict
that chimpanzees might show greater aptitude for recognizing the rela-
tion between seeing and knowing if they were tested in more competi-
tive contexts. In a series of ingenious experiments, they designed a test-
ing arena in which a subordinate chimpanzee had to compete against a
more dominant group-mate to acquire food. The dominant chimpanzee
sat in a holding area at one end of the arena and the subordinate at the
other end. Food was then placed in the center of the arena. One piece of
food was visible to both chimpanzees. The other piece of food was vis-
ible only to the subordinate, because it was hidden from the dominant
by a barrier. The experimenters reasoned that, if the subordinate chim-
panzee had some understanding about the visual experiences of others,
she should expect the dominant chimpanzee to approach the food that
she could see. The subordinate should therefore take advantage of this
by snatching the food that the dominant could not see (Fig. 34). Indeed,
the subordinate chimpanzee most often (but not always) approached
the food that the dominant could not see (Hare et al. 2000). The results
of these and subsequent experiments led Hare and his colleagues to
conclude that chimpanzees do in fact understand what others can and
cannot see, but that this ability is evident only in competitive contexts.
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Figure 34. The protocol for one of Hare et al.’s experiments. In one condition (a), both pieces of
food were visible to both chimpanzees. In the other condition (b), one piece of food was visible
to both chimpanzees, while the other was visible only to the subordinate. Subordinates were
significantly more likely to obtain food in condition (b), and they were most likely to approach
the piece of food that was visible only to themselves. After Hare et al. 2000.

In fact, in subsequent experiments that deliberately compared chim-
panzees’ performance in two cognitive tasks (an object choice task and
a discrimination task) when competing with a human or cooperating
with him, chimpanzees performed better in the competitive context
(Hare et al. 2001; Hare and Tomasello 2004).

Hare and his colleagues’ claims have proven controversial, in part
because they have not been easy to replicate in tests with other chim-
panzees (Karin-D’Arcy and Povinelli 2002). They also beg the question
of why chimpanzees’ ability to understand what others can and cannot
see should be so fragile and so difficult to extend to less competitive
contexts. In fact, there is mounting evidence that chimpanzees’ per-
formance is strongly affected by the procedural methods of the experi-
ments (Barth et al. 2005). We return to this vexing question later in this
chapter.

Results similar to Hare’s have emerged in experiments conducted
with monkeys. Working on Cayo Santiago, an island off the coast of
Puerto Rico that is home to hundreds of rhesus macaques brought from
India in the 1930s, Flombaum and Santos (2005) presented individual
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monkeys with a choice of two grapes, each placed on a small platform
in front of a person. One person looked at the monkey, while the other
averted his eyes, closed his eyes, turned his back, placed a barrier in
front of his eyes, and so on. The monkey’s job was to approach and
“steal” the grape from one of the two people. Note that the design of
this experiment was very similar to the one in which chimpanzees tried
to beg food from a seeing or an unseeing person, except that in this case
the context was competitive rather than cooperative. Almost all of the
monkeys chose to steal the grape from the person whose gaze was in
some way averted. These results led Flombaum and Santos to conclude
that rhesus macaques possess a crucial component of rudimentary the-
ory of mind: the ability to reason about what other individuals can see
on the basis of where they are looking.

In a subsequent experiment, individual monkeys had the choice of
“stealing” one of two transparent boxes that each contained a grape.
One box was covered with noisy bells; the other was not. The boxes were
placed on the ground in front of a human. In some trials, the person
looked down, with his head between his knees, so that he could not see
the boxes. In others, he looked straight ahead, so that he could see both
the boxes and the monkey. In trials when the person was looking down,
monkeys consistently approached the silent box. But when the person
was looking at the monkey, subjects were as likely to choose the noisy
box as the silent one (Santos et al. 2006b). The authors conclude that
monkeys know both what others can and cannot hear and what they
can and cannot see. They therefore understand that there is no point
in being silent and stealthy when a person can see them. However, the
fact that monkeys were willing to approach the boxes at all when the
person was looking at them (in marked contrast to the experiment de-
scribed in the previous paragraph) casts some doubt on the assumption
that the monkeys viewed the context as a competitive one that required
deceptive behavior. Additional experiments will be required to test this
hypothesis.

There is some support, then, for the socioecological hypothesis that
monkeys and apes are more sensitive to other individuals’ visual per-
spective in competitive, as opposed to cooperative, contexts. Santos
and colleagues (2006a) speculate that an underlying cause for this dis-
crepancy may be the role played by the amygdala in lending salience
and emotional content to events. As mentioned earlier, the amygdala is
activated by salient social stimuli, especially those involving negative
emotions or experiences (Winston et al. 2002). It also seems to play an
important role in reasoning about eye gaze and orientation (Leonard
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etal. 1985; Kawashima et al. 1999; Fine et al. 2001). As a result, monkeys
and apes may be more attentive to other individuals’ gaze and inten-
tions in competitive than cooperative social situations.

Nonprimate animals

The experiments just described support the suggestion that monkeys
and apes recognize the link between seeing and knowing—at least in
some contexts—and may therefore possess a rudimentary theory of
mind. If we accept this explanation for monkeys and apes, however, we
should also extend it to dogs, because dogs outperform chimpanzees
in their ability to use communicative cues like pointing, gazing, and
reaching to find food. We might even extend the explanation to birds.

Many members of the corvid (crow) family—especially jays, ravens,
and nutcrackers—cache food for later retrieval. They also pilfer from
the caches of others. Perhaps as a result, individuals take great pains to
conceal their caching sessions from others. If another bird is present
when a bird caches food, the cacher will choose sites that are distant,
out of view, or hidden behind barriers. If they sense that they are be-
ing observed, cachers will also interrupt a caching session to change
sites or recover food from previously hidden sites (Emery and Clayton
2001; Bugnyar and Kotrschal 2002, 2004; Emery et al. 2004; Dally et al.
2005). These behaviors are much less likely to occur if a bird is allowed
to cache his food in private.

Potential pilferers, in turn, often watch inconspicuously and at some
distance (Bugnyar and Kotrschal 2004), acting as if they are deliberately
withholding their intentions. In one experiment conducted by Bugnyar
and Heinrich (2005), ravens (Corvus corax) were given the opportunity
to cache food in the presence of two other ravens (Fig. 35). Although
the cacher could see both of the other birds, only one of these birds (the
“knowledgeable” observer) could see the caching arena; the view of the
other bird (the “ignorant” raven) was blocked by a barrier. When each
of these potential pilferers was later released into the arena, the cacher
recovered food more rapidly in the presence of the knowledgeable than
the ignorant raven. The authors argue that the cacher’s behavior could
not be explained by the simple contingency rule “recover food if there
was another raven present during caching,” because the cacher had
been able to see both the knowledgeable and the ignorant bird during
his caching session. Instead, cachers behaved as if they recognized that
another bird’s success at pilfering food depended on his prior visual
perspective. Whether they had learned about this association through
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Figure 35. While an observer scrutinizes him, a raven decides where to hide his food. Photo-
graph by Thomas Bugnyar.

experience or whether they had some understanding of the relation
between seeing and knowing is not clear. Similarly, scrub jays are more
likely to re-cache food when they are in the presence of a bird who ob-
served their initial caches than when they are with a bird who did not
(Dally et al. 2006)

Inferring knowledge or inferring intent?
The evasive ploys used by caching and pilfering ravens are functionally
deceptive, in the sense that they manipulate competitors’ knowledge.

In a similar way, when rhesus macaques attempt to steal a grape from an
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unseeing observer, they appear to be acting deliberately to avoid detec-
tion. Similar apparently deceptive ploys have been described for many
other species of animals, including chimpanzees, monkeys, and even
dogs (see examples in Byrne and Whiten 1988; Cheney and Seyfarth
1990). We once knew a dog in central London, Nicky, who was forbid-
den to enter his owner’s living room because he knocked over valu-
able pieces of art when he wagged his tail. One night, Nicky’s owner
looked up from his newspaper to discover Nicky lying at his feet. Won-
dering how he had managed to enter the room undetected, the owner
ordered Nicky out of the room. Then, peeking around his newspaper,
he watched as Nicky returned, laboriously inching across the floor on
his heels. The owner then realized that he was usually alerted to Nicky’s
entrance by the noise his toenails made as they clicked across the wood
floor. Apparently, Nicky had learned that he could avoid detection if he
entered silently, by walking on his heels.

How had he reached this conclusion? An explanation based on the-
ory of mind would argue that Nicky had learned that his owner would
remain ignorant if he (Nicky) remained silent. A more parsimonious
explanation would posit simply that Nicky had learned by trial and
error that, for some baffling reason, his owner never shouted at him if
he entered the room using a silly walk. (In any case, the owner decided
to move the pieces of art.)

In a similar way, a raven that skulks nonchalantly in the background
while his rival hides food might recognize that if the cacher cannot see
him he cannot know that he is being observed. Alternatively, the raider
might simply have learned that he is more likely to be able to steal
another raven’s cache if he remains at some distance from the cacher
while the latter hides his food.

More generous interpretations that bestow a degree of theory of
mind to animals, then, can usually be brought abruptly down to earth
by stingier behaviorist explanations based on learned associations.
This is not to say that these stingier explanations are completely cor-
rect, or that we should reject the argument that animals are capable
of recognizing at least some components of other individuals’ mental
states. Consider the experiments suggesting that chimpanzees and rhe-
sus macaques know what others can and cannot see. The results are
certainly consistent with this interpretation, and they are difficult to
explain in terms of learned contingencies. But they are also consistent
with a simpler mentalist interpretation that posits that animals use gaze
direction to assess not other individuals’ knowledge, but rather their
intentions and motivations. According to this interpretation, animals

173



CHAPTER EIGHT

may not understand the relationship between seeing and knowing.
They do, however, understand the relationship between seeing and in-
tending. As a result, they recognize, for example, that other individuals
are motivated to defend food that they are looking at, and less likely to
defend food in which they show no interest.

This middle ground interpretation may help us resolve the apparent
contradiction between the wily grape-stealing macaques of Cayo San-
tiago—whose behavior suggests an understanding of other individuals’
knowledge—and the oblivious contact-barking baboons of the Oka-
vango—whose behavior suggests they do not. It may also help to resolve
the many other experiments and anecdotes suggesting that monkeys
fail to understand other individuals’ visual perspectives, even in com-
petitive contexts (Kummer et al. 1996).

Recently, Burkart and Heschl (in press) replicated Hare et al.s (2000)
experiments with common marmosets (Callithrix jacchus), a species of
New World monkey not noted for its especially large brain. They pre-
sented marmosets with a choice of two food items, one visible only to
themselves and the other visible also to their dominant rival. Subordi-
nate marmosets, like subordinate chimpanzees, consistently chose the
food visible only to themselves. These results suggested that marmosets,
like chimpanzees, might have some understanding of other individuals’
visual perspectives. Burkart and Heschl then designed another experi-
ment to probe the mechanisms underlying the marmosets’ behavior.
They trained the marmosets to approach one of two pieces of food that
had been placed in front of a human. Half of the marmosets were trained
to approach the food that the human was looking at; the other half were
trained to approach the food that the human was not looking at. The lat-
ter group learned this task much more quickly than the former, suggest-
ing that marmosets are naturally more inclined to take food that is being
ignored than food that is probably being defended. It therefore seems
likely that, in the first experiment, the marmosets had approached the
food visible only to themselves not because they recognized what their
rival could or could not see, but because they were avoiding the food at
which their rival was looking. Rhesus macaques might have stolen the
grape from the unseeing person for a similar reason.

To summarize, there is no strong, conclusive evidence that monkeys,
apes, or other animals recognize other individuals’ knowledge. Even if
we grant that they do, this recognition—as it is in young children—
seems tacit and inaccessible to explicit manipulation in a variety of dif-
ferent contexts (Onishi and Baillargeon 2005). Many animals, however,
appear to recognize other individuals’ intentions and motivations. As
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we discuss below, this recognition is not just revealed in competitive
contexts, but also extends to cooperative ones.

Inferring the intentions and dispositions of others:
evidence from vocalizations

Clearly, many of the experiments we have just described cannot easily
be transferred to the wild. Among many other constraints, we would
guarantee the complete demolition of our camp kitchen if the baboons
ever learned to associate us with food. We have therefore had to address
the question of intent more indirectly, through their vocalizations.

During conversation, humans routinely make inferences about the
motives and beliefs of their intended recipients (Chapter 10). When
someone else is speaking, we also make inferences about who the in-
tended recipient is. Courtrooms, for example, would be chaotic and
confused indeed if every member of the jury shouted out his own reply
whenever the prosecutor asked the defendant a question. Baboons, too,
act as if they recognize the intended recipient of someone else’s calls.
Baboon groups are noisy, tumultuous societies. At any given moment,
several females may be grunting as they interact with other females’ in-
fants, a male may be grunting as he approaches a more dominant male,
another female may be giving threat-grunts at a screaming juvenile,
and one of her sisters may be giving threat-grunts in vocal support. If a
baboon interpreted every vocalization she heard as directed at herself,
she would soon be a nervous wreck, unable to feed or sit for more than
seconds at a time. Clearly, she must be able to infer when a vocalization
concerns her (or one of her relatives), and when it does not. Even an
egocentric baboon has to know that it is not always about her.

Inferences about the “directedness” of vocalizations are probably of-
ten mediated by gaze direction and relatively simple contingencies. In
a typical interaction, a dominant female approaches two lower-ranking
females, one of whom has an infant, and utters a grunt. The mother
with the infant remains seated, while the other female moves away.
How do they decide whether to stay or leave? Typically, the grunting
female is looking at the mother, and both listeners know that grunts are
correlated with infant handling (Chapter 5). As a result, both females
infer that the grunt is directed at the mother, and she stays where she is
while the other moves away.

When accompanying visual signals are absent, however, the inter-
pretation of vocal signals may be more difficult. Baboons often forage
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in woodland where other individuals can be heard but not seen and
where animals approach each other from a variety of directions and
angles. Because grunts are individually distinctive, listeners can readily
identify an unseen caller. Unless she can see the caller, though, the lis-
tener may find it difficult to determine whether she or another baboon
is the intended recipient. To examine how baboons make this decision,
we return to our study of “reconciliatory” grunts.

Inferences about dominants’ vocalizations

As we discussed in Chapter 5, baboon grunts function to facilitate and
mediate social interactions and to reconcile opponents after aggression.
Grunts both reduce the anxiety of subordinate females and influence
their subsequent behavior. But how do females recognize the reconcil-
iatory function of grunts? The rich interpretation assumes that females
attribute emotions like anxiety to others. The dominant female recog-
nizes that the fight has upset the subordinate female, so she grunts in
order to alleviate her anxiety—even though, being dominant, she feels
no anxiety herself.

The simpler explanation makes no recourse to a theory of mind. It
argues only that dominant females grunt to subordinates in order to
influence their behavior. Through experience, dominant females learn
that subordinate females are less likely to move away from them when
they grunt than when they remain silent, so they grunt. Subordinate
females, being exquisitely sensitive to contingencies, learn that grunts
are associated with friendly behavior, so they do not move away when
their former opponent grunts to them.

Our playback experiments demonstrated that subordinate females
were more likely to approach their former opponent and tolerate her
approaches if they heard her grunt than if they did not. But when they
heard a different dominant female’s grunt, they did not approach that
female. They behaved as if they assumed that this grunt was directed
at someone else. These results were consistent with the hypothesis
that baboons have a rudimentary understanding of other individu-
als’ intentions toward themselves, but simpler explanations could still
not be completely ruled out. In particular, it remained possible that a
recent interaction with a specific individual—any sort of interaction,
even a fight—might simply prime females to react to that individual’s
vocalizations.

Anne Engh and we therefore designed a playback experiment to test
whether a listener’s responses to another female’s vocalizations are influ-
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enced by the nature of their recent interactions. The experiment again
followed a within-subject design. In the first condition, a subordinate
female was played the threat-grunts of a dominant female shortly after
that female had threatened her. Because females threaten their former
victims again within five minutes following approximately 14% of all
fights, we expected that listeners would interpret these threat-grunts as
an indicator of renewed aggression directed at them. In the second con-
dition, the same subordinate female was played the same dominant fe-
male’s threat-grunts shortly after the two had groomed. Because females
almost never threaten a recent grooming partner, we expected that in
this case listeners would interpret the call as directed at someone else.

If baboons’ responses to threat-grunts are simply the result of prim-
ing because of a recent interaction, subjects’ responses after being
threatened should have been the same as after being groomed. If, how-
ever, listeners take into account the nature of recent interactions when
making inferences about the intended recipient of a call, they should
have interpreted the two threat-grunts differently—directed at them
after aggression, and directed at someone else after grooming. Specifi-
cally, we predicted that subjects would respond more strongly to threat-
grunts after receiving aggression than after a grooming bout. We also
predicted that a subject would be less likely to approach her former
opponent and more likely to retreat from her approaches after being
threatened by her than after being threatened by a different dominant
female. In contrast, when the subject heard the same female’s threat-
grunts after grooming with her, she should have been just as likely to
approach and to tolerate her approaches as she was after having been
groomed by a different dominant female.

Indeed, subjects did respond more strongly to a dominant female’s
threat-grunts after being threatened by her than after grooming with
her. After aggression, subjects were quicker both to look toward the
speaker and to move away from the area. In the ensuing 15 minutes,
they were also less likely to come near their former opponent than they
were after they had been threatened by a different female. In contrast,
when subjects heard the same female’s threat-grunt after a grooming
bout, they were just as likely to tolerate her approaches as they were
after a grooming bout with a different female. Finally, subjects were sig-
nificantly more likely to approach and to tolerate the approaches of the
dominant female if they heard her threat-grunts after grooming than
after a threat (Engh et al. 2006c¢).

As in the experiments on reconciliatory grunts (Cheney and Sey-
farth 1997), subjects’ responses were specific to their former opponent.
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Hearing their aggressor’s threat-grunt did not affect the likelihood
that subordinate subjects would approach another, uninvolved dom-
inant female or the likelihood that they would be supplanted when
approached. Taken together, therefore, these two experiments suggest
that female baboons make inferences about the intended target of a
vocalization even in the absence of visual cues, and that the nature of
prior interactions affects subsequent behavior. After a fight, the subor-
dinate assumes that the dominant has aggressive intentions toward her.
After grooming, or after hearing a reconciliatory grunt, she draws the
opposite conclusion.

It seems likely that baboons make inferences about the intended tar-
get of a call whenever they hear any vocalization. Recall the playback
experiments conducted by Wittig and Crockford on vocal alliances
(Chapter 6; Wittig et al. 2007b). When subjects were played the threat-
grunts of their aggressor’s relative soon after being threatened, they
avoided members of their aggressor’s matriline. In contrast, when they
heard the same threat-grunts in the absence of aggression, they ignored
the call and acted as if they assumed that the call was directed at some-
one else.

Similarly, when subjects heard the “reconciliatory” grunt of their
aggressor’s relative after a fight, they were more likely to approach both
their aggressor and the relative whose grunt they had heard. They did
not venture to do so, however, if they had heard the “reconciliatory”
grunt of another, unrelated female. Here again, subjects behaved as
if they believed that a grunt from their aggressor’s relative must be
directed at them, as a consequence of the fight. An unrelated female’s
grunt was deemed irrelevant. What is especially interesting in these
experiments is that subjects inferred that they were the target of the
vocalization even though they had not recently interacted with the sig-
naler, but with her relative. They could only have done so if they recog-
nized the close bond that existed between the two females.

There is an intriguing parallel between these results and recent
neurophysiological research. In primates, faces and voices are the pri-
mary means of transmitting social signals, and monkeys recognize the
correspondence between facial and vocal expressions (Ghazanfar and
Logothetis 2003). Presumably, visual and auditory signals are somehow
combined to form a unified, multimodal percept in the mind of a mon-
key. In a study using positron emission tomography (PET), Gil da Costa
and colleagues (2004) showed that when rhesus macaques hear one of
their own species’ vocalizations, they exhibit neural activity not only
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in areas associated with auditory processing but also in higher-order
visual areas, including STS. Auditory and visual areas also exhibit sig-
nificant anatomical connections (Poremba et al. 2003).

Ghazanfar and colleagues (2005) explored the neural basis of sensory
integration using the coos and grunts of rhesus macaques as stimuli.
They found clear evidence that cells in certain areas of the auditory cor-
tex are more responsive to bimodal (visual and auditory) presentation
of species-specific calls than to unimodal presentation. Although sig-
nificant integration of visual and auditory information occurred in tri-
als with both vocalizations, the effect of cross-modal presentation was
greater with grunts than with coos. The authors speculate that this may
occur because grunts are usually directed toward a specific individual
in dyadic interactions, whereas coos tend to be broadcast generally to
the group at large. The greater cross-modal integration in the process-
ing of grunts may therefore have arisen because, in contrast to listeners
who hear a coo, listeners who hear a grunt must immediately determine
whether or not the call is directed at them.

The ability to distinguish signals directed at oneself from those di-
rected at someone else appears to be widespread in animals. Studies
of “eavesdropping” in birds indicate that listeners readily distinguish
between songs directed at a third party as opposed to ones directed at
them (Naguib et al. 1999; Peake et al. 2001, 2002; Chapter 7 of this vol-
ume). To date, however, most of the evidence for this ability has come
from studies in which individuals are interacting with only one or a
few other animals, and when factors such as the location of the signaler
and the nature and pattern of his song provide information about the
intended recipient. The challenge of inferring both the intended target
of a signal and the signaler’s probable behavior may be considerably
more difficult in large social groups.

It is unlikely that baboons use simple distance- or sight-based rules
of thumb to determine the intended target of a call. Because baboons
are often sitting in close proximity to others, a female cannot simply as-
sume that all calls given by nearby signalers are directed at her, nor can
she assume that calls given by distant signalers are not. Indeed, as the
experiments with contact barks showed, baboons often respond vocally
to signalers who are out of sight and widely separated from them.

In sum, when deciding “who, me?” upon hearing a vocalization, ba-
boons must take into account the identity of the signaler (who is it?),
the type of call given (friendly or aggressive?), the nature of their prior
interactions with the signaler (were they aggressive, friendly, or neu-
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tral?), and the correlation between past interactions and future ones
(does a recent grooming interaction lower or increase the likelihood
of aggression?). Learned contingencies doubtless play a role in these
assessments. But because listeners’ responses depend on simultaneous
consideration of all of these factors, this learning is likely to be both
complex and subtle.

Furthermore, explanations based solely on learned contingencies
cannot easily explain some aspects of baboons’ behavior. For example,
in the experiments that mimicked vocal reconciliation, subjects who
heard their opponent’s grunt following a fight were even more likely
to approach their opponent than they were under baseline conditions,
in the absence of a fight. If listeners’ responses were guided solely by
learned contingencies, they should have associated the call only with
a low probability of aggression. Hearing the call should have returned
their behavior to baseline tolerance levels, but it should not have in-
duced them to approach their former opponent. Instead, females acted
as if they interpreted their opponent’s grunt as targeted specifically at
them, as a directed signal of benign intent. They therefore deliberately
sought out their opponent.

Inferences about subordinates’ vocalizations

The experiments just described may also help us to understand the
function of some other puzzling vocal exchanges. Thus far, we have
concentrated on baboons’ inferences about dominant females’ vocaliza-
tions. But subordinate animals also use vocalizations to manage their
social interactions. Often, these grunts seem to function as a kind of
announcement that the female is doing or is about to do something
that she recognizes is above her station and might otherwise not be
tolerated. For instance, a low-ranking female who wishes to inspect or
handle the infant of a higher-ranking female typically approaches the
female slowly and judiciously, grunting all the while. She then brings
her eyes to the level of the infant, gazes into its eyes, and grunts re-
peatedly before reaching out a tentative hand. The worse the dominant
female’s reputation for unprovoked malice, the more prolonged the sup-
plication process is.

Traditionally, the subordinate female’s behavior would be explained
in terms of a learned contingency: the female has learned that she is
more likely to be allowed to touch the baby if she grunts. Our experi-
ments suggest an alternative explanation: the subordinate female grunts
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to signal her benign intent, and the prolonged supplication process al-
lows the female to assess the dominant female’s disposition toward her.
Learned contingencies still play a role, but so do inferences about intent.

In a similar manner, low-ranking females often seem to be attempt-
ing to assess higher-ranking individuals’ dispositions by “announcing”
their presence to them. Here is an example. Balo, the 14th-ranking
female in the group at the time, was feeding alone in a jackalberry tree
when Comet, the seventh-ranking female, approached. Balo grunted.
Comet, who had not yet noticed Balo, stopped walking and looked up
into the tree. She grunted and lipsmacked to Balo, who grunted and lips-
macked in return. Comet then entered the tree and fed near Balo. Why
did Balo reveal herself when Comet had not yet detected her, especially
when Balo risked eviction from the tree by doing so? Our observations
indicate, somewhat paradoxically, that low-ranking individuals who
fail to announce their presence to higher-ranking ones are more likely
to be supplanted from a desirable resource than those who announce
themselves.

Similar observations have been made in other monkey species. In
an experiment conducted with rhesus macaques on Cayo Santiago, for
example, Hauser (1992b) found that low-ranking females who discov-
ered food were less likely to be threatened by higher-ranking individ-
uals if they produced a “food” call than if they remained silent. This
harassment was initially interpreted as evidence that monkeys can rec-
ognize when others are trying to deceive them, but this explanation
seems unlikely given monkeys’ and apes’ inability to attribute beliefs
to others and the apparent lack of punishment in other primate species
(e.g., Clark and Wrangham 1994). A more plausible interpretation is that
food calls function to announce possession. Capuchin monkeys who
produce food calls are also less likely to be challenged by more domi-
nant individuals than monkeys who remain silent (Gros-Louis 2004).
Experiments suggest that this occurs not because dominants are pun-
ishing subordinates but because the calls serve to warn listeners of the
signaler’s willingness to defend her food. As a result, unless they are
strongly motivated to take the food, listeners refrain from harassing her.
Similar “respect for ownership” has been observed in other monkeys
and other contexts (Kummer et al. 1974).

If this interpretation is correct, signals of “announcement” by sub-
ordinate animals serve both to broadcast intent and to assess the in-
tentions of others. In some contexts, they act as mildly aggressive
signals that denote possession; in others, they act to open the process of
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negotiation. On many occasions, for example, we have observed a juve-
nile or low-ranking female almost bump into a higher-ranking animal
as she moves through tall grass. As the lower-ranking female screeches
to a halt, she often grunts to the dominant. If the dominant grunts in
return, the subordinate will resume walking and pass close by the domi-
nant (Fig. 36). But if the dominant remains silent, the subordinate will
detour or even turn around. Again, it is as if the two are assessing each
other’s motives and moods.

Figure 36. Unless Selo grunts to a female when they come into proximity of each other, the
other female will almost invariably move away. Photograph by Anne Engh.
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To summarize, although baboons and other monkeys probably do
not recognize when someone is attempting to manipulate their beliefs,
they may recognize when someone is attempting to manipulate their
intent. They integrate social cues, gaze direction, and call type when
making these assessments and when announcing their intentions to
others. A rudimentary understanding of intentions and motives repre-
sents a crucial first step toward a communication system like language,
in which speakers and listeners routinely assess each other’s motives,
beliefs, and knowledge.

Behaviorists will object even to this watered-down interpretation of
mental state attribution in animals, and rightly so. None of the experi-
ments we have described allows us distinguish between the implicit
understanding of an intention as a mental state and the implicit under-
standing of an intention to behave in a certain way. When her recent
opponent grunts to her, does a baboon attribute a friendly mental state
to her opponent, or does she only recognize that her opponent intends
to be friendly? The distinction is so subtle that it may be impossible to
discern through behavior alone and may in any case be functionally
meaningless. We know that baboons and other animals are astute ob-
servers of other individuals’ behavior and that they are very sensitive to
subtle contingencies (Povinelli and Vonk 2004). Although the neuro-
anatomical evidence predicts that they should also be sensitive to inten-
tions, goals, and motives, no experiment has yet proven so definitively.
Baboons and other animals excel at reading and predicting behavior.
The jury is still out on whether they also excel at reading and predicting
simple mental states.

Recognizing animals’ intentions and dispositions
toward other individuals

By now it should be clear that baboons and other monkeys have quite
sophisticated knowledge about other individuals’ social bonds. This
knowledge may also enable them to make quite sophisticated assess-
ments about other individuals’ intentions. Consider the following
anecdote.

Leko had given birth two days earlier, during a period when three
infants had recently been killed by an infanticidal male. The group was
being pursued by a larger group—a context in which infanticide often
occurs—and the males were displaying and chasing females. We sud-
denly saw Leko being chased by an adult male. The male chased Leko
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Figure 37. A male forces a female to walk the plank. Photograph by Dawn Kitchen.

for over a hundred meters until he finally tackled her to the ground
and bit her (Fig. 37). We were certain that we were witnessing an in-
fanticide attempt, but oddly none of the other baboons screamed or
barked, as they normally do during such incidents. We then recognized
the male as Loki, the male with whom Leko had a close friendship and
with whom she had consorted when she became pregnant. Apparently,
the baboons had also recognized that it was Loki chasing Leko and that
Loki was unlikely to harm Leko’s infant, even though all of his behavior
was consistent with an infanticide attempt.

Of course, an anecdote like this does not allow us to conclude that the
baboons recognized Loki’s intentions. We can only say that baboons’
recognition of other individuals’ social relationships enables them to
predict with great accuracy what other individuals are likely to do, even
when their ostensible behavior suggests otherwise. It is hard to imagine
how a baboon could make this assessment without at least some tacit
inferences about others’ motives.
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Somewhat to our dismay, the baboons also seem to understand our
dispositions, and go to some lengths to irritate us. In 2005, we were vis-
ited by two photographers from the BBC, one of whom carried a large
tripod to steady his camera. On their third day out with the baboons,
Drongo, an insouciant adolescent male, sauntered over to the camera-
man and looked him straight into the eye for several seconds. He then
strode toward the tripod, which was standing about 10 meters away, sat
down, looked at the cameraman again, and pulled roughly on one of
the cords dangling from the camera. Drongo did not approach or look
at any of the other four people standing nearby. He evidently associ-
ated the tripod with a specific human and seemed to recognize that
his behavior would provoke a strong response if he first announced his
intentions to the appropriate person.

But although baboons seem adept at reading other individuals’ im-
mediate motives and intentions, they often seem surprisingly naive
when it comes to monitoring others’ intentions over the long term. For
example, when a high-ranking male immigrates into the group, lac-
tating females immediately seem to recognize him as an infanticidal
threat (Chapter 4). Their stress levels increase and they run screaming
from him if he approaches. But as time passes, the females make fewer
efforts to avoid the new male. If he commits infanticide, they flee from
him for the next week or two. However, if no infants have recently been
attacked, some females eventually begin to feed and even rest near the
immigrant, especially if their male friend is nearby. Even though the
immigrant remains a threat to lactating females for over a year, their
efforts to avoid him diminish with time. Similarly, although all group
members respond with loud screams and barks when a male attempts
to kill an infant, they all resume feeding with no apparent lingering
concern soon after the incident ends.

Why do lactating females not make more of a concerted effort to
avoid a potentially infanticidal male? And why does an infanticide at-
tempt produce—at least ostensibly—only temporary outrage? One ex-
planation is that a baboon’s ability to read another’s intentions depends
to some degree on memory of his recent behavior. As a result, a poten-
tially infanticidal male who is feeding peacefully and has not made
any attacks on infants for several weeks is not regarded as someone
with long-term nefarious motives. On the other hand, lactating females
may very well understand that the male remains dangerous, but they
simply cannot afford to spend the next 12 months running screaming
from him whenever he approaches. In the absence of an interview, it is
impossible to tell.

185



CHAPTER EIGHT

Imitation and teaching
Imitation

Almost all animals learn novel tasks more easily if they can observe a
knowledgeable demonstrator. Langen (1996) trained individual mag-
pie jays (Calocitta formosa) to pry open a door on a box that contained
food. Subsequently, birds whose social group included a “demonstra-
tor” learned how to open doors much more rapidly than birds whose
groups did not. Indeed, birds in groups that lacked a demonstrator did
not even realize that there was food in the boxes. Similarly, in captivity
many monkeys can learn to use rudimentary tools to obtain food, and
they do so more quickly and accurately in the presence of a demon-
strator (e.g., Fragaszy and Visalberghi 1989; Bugnyar and Huber 1997;
Caldwell and Whiten 2004; reviewed by Tomasello and Call 1997). If
monkeys learned like humans do, it would be safe to assume that the
monkeys learn to perform the tasks by watching the demonstrator and
imitating his actions. This would imply that the monkeys understand
the demonstrator’s intentions and goals. But this does not seem to be
the case.

Most animal species show very little evidence of purposeful copy-
ing by imitation. In the laboratory, monkeys are attracted to tools and
often begin fiddling with them after observing another monkey do
so, suggesting that social companions enhance and facilitate tool use.
But learning about a tool’s use through “social facilitation” typically
requires extensive practice through trial and error. As a result, different
individuals adopt different idiosyncratic styles, and the spread of the
skill is very slow. Even in the famous case of potato washing by Japanese
macaques, only 11 of 25 monkeys adopted the practice over a three-
year period (Nishida 1987). Thus, trial and error learning, facilitated by
proximity to companions who had already acquired the skill, appears
to have driven the behavior’s spread.

Although many monkey species can learn to use tools in captivity,
there are very few examples of tool use in the wild. The New World
capuchin monkeys are the only monkeys that regularly use sticks or
stones to pry into trees or break open nuts under natural conditions
(Fragaszy et al. 2004). Capuchins also have comparatively large brains
compared to other monkeys (Rilling and Insel 1999). The relative lack
of spontaneous tool use in most monkey species suggests that monkeys
have difficulty representing the task at hand and recognizing the rela-
tion between actions and objects (Visalberghi and Fragaszy 2002).
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In the wild, baboons seem to use tools only in aggressive contexts.
When displaying, male baboons occasionally wave or throw sticks in the
direction of their rivals. Whether they recognize the potential function
of these weapons, though, seems doubtful. When one group of baboons
in Namibia dislodged stones from a cliff when they were disturbed by
humans, they did so not only when the people were under the cliff but
also when they were too far away to be struck (Hamilton et al. 1975).
At Gombe, where chimpanzees compete with baboons for food, chim-
panzees throw branches at baboons (Goodall 1968). Baboons, however,
never throw objects at chimpanzees.

Chimpanzees and orangutans are different. In captivity, these apes
attend closely to a demonstrator when learning to use tools to open
boxes, and they require very few trials to learn to copy his actions.
They seem to recognize the intentions and goals of the demonstrator,
and they rapidly learn a tool’s function from attending to his behav-
ior (reviewed by Tomasello and Call 1997). Although they do not copy
the demonstrator’s exact motor patterns as slavishly as children do,
they do tend to conform to his technique (Whiten 2002; Whiten et al.
2005).

Under natural conditions, chimpanzees and orangutans also use a
variety of tools for different purposes (reviewed by Tomasello and Call
1997; van Schaik et al. 2003; van Schaik 2004). We will not attempt
to review the literature on ape tool use here, except to say that differ-
ent populations of chimpanzees and orangutans use different kinds of
tools for different purposes, and that the use of specific tool types ap-
pears to be socially transmitted. For the purposes of our discussion, two
points are relevant. First, in marked contrast to monkeys, no population
of chimpanzees has been reported not to use tools. Second, unlike mon-
keys, chimpanzees and orangutans often show foresight and planning
in selecting and modifying tools in advance of their use. Before fishing
for termites, chimpanzees often search some distance from the termite
mound to find an appropriate prodding stick and strip the bark from
it (Goodall 1968). Similarly, when preparing to crack open nuts, chim-
panzees must carry both stones and nuts to suitable anvils. Often, this
means that a chimpanzee will carry both nuts and stones over consid-
erable distances before beginning a nut-cracking session (Boesch and
Boesch 1984).

In their ability to plan, understand a tool’s function, and appreciate
a demonstrator’s goals, then, apes are strikingly different from most
monkeys. This is not to say, however, that tool use and manufacture are
unique to apes, or that monkeys are completely incapable of imitation.
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First, some birds seem to be almost as adept at tool use and plan-
ning as chimpanzees. Under natural conditions, New Caledonian crows
(Corvus moneduloides) manufacture and use tools to pry insects from
crevices (Hunt and Gray 2004). They often fly a considerable distance
from their feeding tree to find a suitable prodding stick. In many in-
stances they prepare the stick much as chimpanzees do, by breaking off
the tip and stripping the leaves and bark. Betty, a particularly resource-
ful crow and a late resident of Oxford, spontaneously learned how to
bend a piece of wire into the shape of a hook, which she then used to
pull up a bucket containing food from a well (Weir et al. 2002).

Second, a recent experiment investigating “cognitive” imitation in
monkeys challenges the view that apes are the only primate species that
can imitate others (Subiaul et al. 2004). In this experiment, two rhesus
macaques had to learn to respond in correct order to a series of four
pictures displayed in random positions on a computer screen. A typi-
cal series of pictures might occur in the order: (1) bird; (2) car; (3) house;
(4) dog. The monkeys’ job was to press each picture in the correct or-
der. After completing the sequence correctly, the monkeys received a
reward. Both monkeys soon became proficient at this task, and when
they were presented with a news series of pictures they learned its cor-
rect order through trial and error.

Next, the experimenters presented each monkey with 50 new lists
and assigned each list to one of four different conditions. In one con-
dition, the subject was alone and had (as before) to work out the list’s
correct order by himself. In a second condition, a second monkey sat in
the test chamber adjacent to the subject and worked on a different list
depicting different pictures. In a third condition, a computer in the ad-
jacent chamber worked on the same list as the subject’s and repeatedly
demonstrated the list’s correct order on its screen. Finally, in the fourth
condition, a “demonstrator” monkey who had already learned the list’s
correct order sat in the adjacent chamber and worked on the same list as
the subject. In other words, in the first two conditions the subject could
learn the list’s correct order only through trial and error. In the latter
two conditions, though, the subject could also learn the list by copy-
ing—either the computer, in the third condition, or the demonstrator
monkey, in the fourth.

Both monkeys learned the list significantly faster in the presence of
the demonstrator than in the other three conditions, indicating that
they were imitating the demonstrator. Simple social facilitation could
be ruled out, because if the monkeys had only been attracted to the task
because the adjacent monkey was also working on a list, they should
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have learned the list just as fast when the adjacent monkey was working
on a different list (the second condition). Instead, the monkeys seemed
to understand that, to complete the list correctly, they had to follow the
lead of the monkey who was working on the same list as they were, and
respond to the items in the same order as he did. Furthermore, they had
to copy not just his first choice, but also his subsequent ones.

One reason why this experiment may have succeeded where so many
other tests of imitation in monkeys have failed is that it did not require
the monkeys to imitate a motor pattern or to learn the purpose of the
task. The monkeys already knew what they needed to do—they simply
did not know the correct list order. The task required the monkeys to fo-
cus not on the problem as a whole—only on the demonstrator’s specific
choices. Their ability to do so is perhaps not unexpected, given neural
evidence that monkeys are highly sensitive to goal-directed actions and
gazes (see above).

Teaching

Even more than imitation, teaching requires the ability to attribute a
mental state different from one’s own to others, because the instruc-
tor must understand how and in what respects his knowledge diverges
from his pupil’s. Although human cultures vary considerably in the
emphasis put on teaching, some degree of teaching occurs in all human
societies. Evidence for teaching by nonhuman primates, however, can
be summarized by one word: scant. The anecdotes from captivity are
both provocative and difficult to interpret. For example, Kohler (1925)
reports an incident in which Sultan, a male chimpanzee adept in the
art of stacking boxes to obtain bananas, watched with increasing frus-
tration as more hapless group members failed to solve the problem. Fi-
nally, he ran into the room, stacked the boxes, and ran out of the room
without attempting to obtain the bananas himself. Kohler concluded
that Sultan understood that the other chimpanzees could not solve the
problem and was motivated to demonstrate the solution to his unen-
lightened companions.

Given such intriguing anecdotes, it is sobering to discover that the
most common approximations to teaching in free-ranging monkeys
and apes occur in the form of punishment for some social transgres-
sion. Mothers aggressively interfere in rough play between their off-
spring and other juveniles, push infants from their nipples during the
weaning period, and retrieve their infants from females who are han-
dling them roughly. But these corrective actions seem to derive less
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from pedagogical intent than from an attempt to remedy a situation
that is unpleasant to the actor.

Outside this punitive domain, examples of teaching are even rarer.
Monkeys and apes are surrounded by dangerous predators and poison-
ous foods, and infants and juveniles soon learn which animals and foods
to avoid. They do so, however, without benefit of teaching. When infant
vervet monkeys begin to give alarm calls, they often make “mistakes”
and give alarm calls to species that pose no threat to them (Chapter 10).
Adults sometimes respond to these mistakes, albeit briefly. If, for ex-
ample, an infant gives an eagle alarm call in response to a small hawk,
adults will glance up and then go back to doing whatever they had been
doing. But if an infant gives an eagle alarm call in response to a martial
eagle (Polemaetus bellicosus), a true predator, adults will look up and give
alarm calls themselves. At first glance, these corroborating alarm calls
seem to be deliberately instructive, because they reinforce the infant’s
correct response. Adults, though, are just as likely to give corroborating
alarm calls after another adult has given a correct alarm call as they are
after an infant has. Even though infants make many more errors than
adults, adults make no special effort to reward them if they are correct.
The infant is left to infer for himself that the correct alarm calls are the
ones matched by adults (Cheney and Seyfarth 1990).

The relative absence of teaching in nonhuman primates is particu-
larly striking in the case of chimpanzee tool use. It takes many years for
juvenile chimpanzees to learn how to fish for termites or crack open
palm nuts with a rock. Mothers often aid their offspring in this en-
terprise by tolerating them at the feeding site, allowing them to grab
and handle their tools, and sometimes also giving their tools to them.
Examples of explicit teaching, however, are rare; learning is passive and
involves little active intervention (Boesch 1991; Lonsdorf 2006).

Empathy

Both human and nonhuman species show physiological responses to
the loss of close companions, which we label as the emotion of grief. In
humans, bereavement and feelings of loneliness are associated with in-
creased cortisol production, declines in immune responses, and, in some
cases, increased mortality (Chapter 5). In a variety of animals ranging
from rodents to primates, social isolation and separation from a close
companion produce an elevated stress response. Baboons experience
the same kinds of physiological responses when they lose a preferred
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companion, even when they have other kin or close companions with
whom they can still interact.

Grief is an egocentric emotion, like fear; it does not require any abil-
ity to attribute mental states to others (Fig. 38). It is certainly possible
to feel grief or a sense of loss without recognizing that others might feel
the same way. In contrast, empathy requires that an individual be able
to recognize emotions like grief or fear in others even when she is not
experiencing these emotions herself. It demands that she deliberately

Figure 38. Baboons seem not to recognize when others are experiencing grief. Photograph by
Keena Seyfarth.
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imagine herself in another individual’s position while still dissociating
her own mental states from her companion’s. In humans, representa-
tions of emotions like pain, disgust, and shame in others activate many
of the same areas of the brain as those activated when we experience
or imagine ourselves experiencing the same emotions. Other areas of
the brain, including in particular the right inferior parietal cortex and
the prefrontal cortex, allow us to detach our own emotions and knowl-
edge from others’ (Decety and Jackson 2004, 2006). Thus, although we
use much of the same neural architecture to understand our own and
others’ mental states, we are nonetheless able to maintain a degree of
separation between them.

Chimpanzees

Chimpanzees are often described as showing compassion for others. In
the wild, they have been reported to build nests and bring food to an
injured relative (Goodall 1986). Chimpanzee mothers have also been
observed attending to the wounded or paralyzed limbs of their off-
spring (Goodall 1986). Clearly, they seem to show compassion toward
incapacitated and dependent companions. But do chimpanzees ever
show empathy? There is considerable disagreement on this issue. Most
examples are anecdotal (e.g., Preston and de Waal 2002) and subject to
a wide variety of interpretations. And for each anecdote that seems to
demonstrate empathy there are several counterexamples. In fact, two
experimental studies designed explicitly to test whether chimpanzees
show concern and regard for others concluded that they do not (Silk
et al. 2005; Jensen et al. 2006).

In these experiments, conducted on captive group-living chimpan-
zees at several different sites, individuals had the opportunity to share
food with another group member at no cost or inconvenience to them-
selves. The actor was seated in a cage next to or across from a second cage
containing a familiar group companion. The actor had the choice of se-
lecting one of two handles that delivered food. If he pulled one handle, a
tray of food was delivered only to himself. If he pulled the other handle,
identical food rewards were delivered simultaneously to both him and
his companion. The actor’s choice did not affect his own payoff, be-
cause he received the same amount of food in either case. However, even
though some subjects alternated as both actors and recipients, and even
though all had lived with their companion for many years, they were no
more likely to choose the second option than the first. Although they
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were highly motivated to obtain food for themselves, they were indif-
ferent to the welfare of their companion. They were not spiteful—they
did not consistently withhold food from their companion. Instead, they
simply failed to take the other individual’s perspective into account. In
contrast, children as young as 18 months not only recognize when an-
other person needs help but also go out of their way to help the person
achieve his goal (Warneken and Tomasello 2006).

This difference between chimpanzees and children is striking. It
seems unlikely that the disparity is due entirely to a failure on the part
of chimpanzees to recognize other individuals’ intentions, emotions,
and motivations because, as we have seen, several experiments have
now suggested that chimpanzees and even monkeys have some ability
to do so. Instead, chimpanzees and other nonhuman primates may lack
a capacity abundantly evident in even very young children—the moti-
vation to collaborate and to share goals, emotions, and knowledge with
others (Tomasello et al. 2005; Chapter 12 in this volume). We do not
mean to suggest that chimpanzees do not cooperate with one another
or that they never engage in collaborative activities—they do. Male
chimpanzees jointly patrol and defend their community’s territory, and
they also participate in cooperative hunts (Goodall 1986; Boesch 2002).
But when chimpanzees hunt, they do not consistently coordinate their
respective roles, nor do they punish those who fail to share the catch.
They appear to be much less sensitive than humans to the psychologi-
cal mechanisms underlying cooperation.

Monkeys: Anecdotal evidence

The search for humanlike empathy in baboons and other monkeys is
less controversial than it is in apes, perhaps because there is very little
evidence for empathy in these species. Despite their close social bonds,
monkeys do not share food with sick or injured companions or attend
to the old and disabled. Even when mothers carry sick or dying in-
fants, they do not treat them very differently from the way they treat
healthy infants. Although monkeys do sometimes groom and examine
others’ wounds, they appear to treat injuries as anomalies or objects of
interest rather than as handicaps that require adjustments in their own
behavior. And, as we have mentioned, baboon mothers often show a
surprising lack of concern for their offspring’s anxiety and distress dur-
ing water crossings or at other times of separation. Similar observations
have been in made in other monkey species. For example, Japanese
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macaques scratch themselves at high rates after being attacked—a be-
havior that reflects their anxiety. But they do not scratch themselves
more after their infants are attacked (Schino et al. 2004).

Our ability to measure glucocorticoid levels in baboons presented us
with an ideal opportunity to assess their capacity for empathy. In addi-
tion to experiencing increased stress at the loss of a close companion,
humans often show an increase in glucocorticoid levels in response to
grief or anxiety in others. Health care workers who attend to sick or
traumatized patients often experience “compassion fatigue” and ele-
vated stress profiles (Figley 1995). Baboons have many opportunities to
experience vicarious stress. There is little evidence, however, that they
do so, even when their own fitness is affected.

When a potentially infanticidal male immigrates into the group,
glucocorticoid levels in cycling females are unaffected. Even when the
male begins to commit infanticide, the stress levels of cycling females
do not rise significantly. This is perhaps not surprising, because the
offspring of cycling females are not in danger. In many cases, though,
these cycling females have daughters, mothers, or sisters who are lac-
tating at the time and whose infants are at considerable risk. Because
these infants are close relatives, their deaths would reduce the cycling
females’ own overall fitness. Nevertheless, the cycling females’ stress
levels are unaffected. Although it could be argued that it is maladaptive
for female baboons to respond to every indirect threat to their fitness,
the lack of empathy is puzzling. It is as if baboons do not respond to a
threat unless it has the potential to have an immediate impact on them.
The indirect impact is not recognized.

Selo, for example, was cycling when Spock immigrated into the group
and assumed the alpha position. Selo’s daughter, Palm, had a young in-
fant at the time and assiduously avoided Spock. Selo soon formed a sex-
ual consortship with Spock. Although Spock followed her tenaciously,
Selo continued to seek out Palm as a grooming companion. As a result,
Palm was often in much closer proximity to Spock than she preferred to
be. Within two months of his arrival in the group, Spock killed Palm’s
infant. We watched Selo’s behavior with considerable exasperation.
How could she be so insensitive to Palm’s predicament?

The adults appeared to respond in a similarly callous manner during
the Lord of the Flies incident. Despite being able to hear their offspring’s
agitation and distress, there was no evidence that the adults empathized
with the youngsters’ dilemma. None of the females showed an elevated
stress response during the week of the separation. They knew where
their offspring were, they knew that they could swim relatively easily
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to the island where their offspring were stranded, so what was all the
fuss about?

This is not to say that baboons are entirely unresponsive to a com-
panion’s injury or loss. When her infant dies, a female baboon will
often continue to carry the body for as many as 10 more days, cleaning
the corpse of maggots and brushing flies away from it. As the corpse de-
cays and mummifies, she begins to leave the body for increasing lengths
of time before finally abandoning it. It is as if the mother continues to
respond to the corpse as her infant even after it has lost all resemblance
to a baboon.

In the minds of other group members, the infant’s status seems to
change soon after it dies: they cease to treat it as an infant. They inspect
the corpse with great curiosity, but they seldom attempt to handle it.
When they approach it they rarely grunt, as they would if the infant
were still alive. Nevertheless, they appear to recognize that the corpse
still belongs to the mother. They approach the mother cautiously and do
not attempt to try to take the corpse from her. When the mother moves
away from the body, other group members grunt to her, and a close
relative or male friend often guards the body until she returns. Even af-
ter the mother finally abandons the blackened, mummified corpse, the
baboons continue to threaten any human who attempts to approach it
in the vain hope of obtaining a tissue sample for DNA analysis.

What goes on in a baboon’s mind as she carries her dead infant?
What goes on in other group members’ minds? We will not attempt to
suggest that baboons have a concept of death, or that they ruminate
about the meaning of life. Nevertheless, baboons do seem to recognize
that a corpse is something of a baboon manqué. Although not treated as
a living baboon, it still seems to be regarded as something that belongs
to a particular individual and family, and group members cooperate to
defend the corpse. But much as we might be tempted to interpret the ba-
boons’ behavior as empathy, it seems more likely that it simply reflects
their “respect for ownership”—a reluctance to challenge an individual,
or kin group, whose motivation to defend a possession is high.

Monkeys: Experimental evidence

Even when monkeys appear to go out of their way to alleviate a com-
panion’s distress, they seem to do so not because they feel empathy
independent of their own concerns but because they associate their
companion’s distress with their own feelings of distress. In an early ex-
periment specifically designed to examine whether monkeys would re-
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spond to another monkey’s distress, macaques were trained to pull one
chain in response to a red light and another in response to a blue light,
to obtain a food reward. After the monkeys had learned to pull the ap-
propriate chain when presented with the appropriate signal, the appara-
tus was rigged so that a monkey in an adjacent cage received an electric
shock each time one of the chains (say, the chain associated with the
red light) was pulled. Most of the monkeys soon stopped pulling the
chain that delivered the shock, even though they deprived themselves
of a food reward by so doing. They were especially likely to avoid the
chain if they had, in the past, received shocks themselves (Masserman
et al. 1964; Wechkin et al. 1964).

Although the monkeys’ responses in these experiments might at first
be seen as evidence for empathy, it seems more likely that they became
distressed when they saw the other monkey being shocked because it
evoked memories of being shocked themselves. They avoided the chain
because it was associated with a negative experience. Their apparent
concern for the other monkey’s welfare was therefore inextricably
linked to concern for themselves (Silk in press b).

How, then, should we interpret kin-mediated reconciliation in ba-
boons? In Chapters 5 and 6, we described experiments showing that
female baboons treat the “reconciliatory” grunt of their opponent’s kin
as a proxy for reconciliation by their opponent (Wittig et al. 2007a). In
chimpanzees, such third-party reconciliation, or consolation, has been
interpreted as evidence for empathy (Preston and de Waal 2002; Aureli
and de Waal 2000). The apparent absence of consolation in monkeys
has, in turn, been taken as evidence that chimpanzees, but not mon-
keys, are able to use representations about their own mental states to
understand the mental states of others. As we have seen, however, ba-
boons do “console” their relatives’ victims, and at rates similar to those
observed in chimpanzees.

Although it is certainly possible that kin-mediated reconciliation in
baboons might involve the ability to empathize, simpler explanations
seem (once again) more likely. As we have discussed, group life is es-
sential for baboons and other monkeys. It therefore benefits all group
members to ameliorate the disruptive effects of aggressive disputes by
restoring combatants’ equilibrium and tolerance. Direct reconciliation
among opponents serves one such function, and so may kin-mediated
reconciliation. In baboons, victims of aggression appear to accept a
friendly signal from their aggressor’s close relative as a proxy for recon-
ciliation with the aggressor herself. In order to do so, victims must be
able to recognize other females’ kinship (or close) relations and make
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inferences about the intended target of a vocalization. It does not, how-
ever, require that they be able to attribute mental states different from
their own to others.

Although it seems unlikely that baboons empathize in the sense of
projecting their own mental states onto others, the reasons that moti-
vate a female baboon to reconcile with her relative’s victim are not im-
mediately obvious. It is easy to postulate why it might be functionally
beneficial for females to minimize the disruptive effects of aggression
through reconciliation, but the proximate mechanisms for doing so re-
main elusive. It is unlikely that baboons reconcile with other females’
opponents because friendly contact alleviates the anxiety that arises as
a consequence of witnessing aggression, because not all bystanders are
equally likely to be friendly. Instead, it seems more likely that females
reconcile with their relatives’ opponents because they identify strongly
with their relatives and with their interactions. We take up this idea
again in the next chapter.

Despite experiencing grief and anxiety, therefore, baboons appear to
have only limited sensitivity to grief and anxiety in others. They main-
tain strong social bonds and feel bereavement and loss when a close
companion disappears. But although they may feel a sort of compas-
sion for others, they do not empathize with them. Just as they do not
respond to the contact barks of separated group members unless they
themselves are separated from the group, so do they fail to recognize
grief or despondency in others unless they too are experiencing loss.

Baboons’ theory of mind

Baboons’ theory of mind might best be described as a vague intuition
about other animals’ intentions. Although they do not attribute men-
tal states like ignorance and knowledge to others, baboons and other
monkeys do seem to have a rudimentary sensitivity to others’ motives
and intentions. They seem to understand, for example, that another
monkey is likely to be motivated to defend the food that he is looking
at, and they appear to use vocalizations to signal and assess intent. We
do not yet know whether baboons, like very young children, have an
implicit understanding of intentions as mental states or whether they
simply recognize other individuals’ intentions to behave in a certain
way. The distinction between these two interpretations of intention is,
in any case, too subtle and indeterminate to distinguish easily through
behavioral measures alone. It is difficult to imagine how a baboon
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could assess whether a signal was being directed toward herself with-
out taking into account a variety of learned behavioral contingencies,
including the correlations between call type and behavior and between
past and future interactions. There are hints that learned contingencies
alone cannot explain all aspects of baboons’ behavior, but we cannot
yet conclude that baboons regard other baboons—even tacitly—as in-
tentional beings with goals, motives, likes, and dislikes.

Although some experiments suggest that chimpanzees may differ
from baboons and other monkeys in their ability to understand other
individuals’ visual perspectives and the link between seeing and know-
ing, the evidence is by no means unambiguous or uncontroversial.
Chimpanzees’ capacity for empathy is similarly disputed. Even if future
research does demonstrate unequivocally that chimpanzees recognize
others’ intentions and even knowledge, what will remain striking is
how rarely they appear motivated to share their emotions and goals
with others. In the next chapter, we examine similarly unsatisfying and
inconclusive evidence for monkeys’ and apes’ knowledge of self.
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e

Self-Awareness and
Consciousness

It may be freely admitted that no animal is self-conscious, if by this term it is
implied, that he reflects on such points, as whence he comes or whither he will
go, or what is life and death, and so forth. But how can we feel sure that an old
dog with an excellent memory and some power of imagination, as shewn by
his dreams, never reflects on his past pleasures or pains in the chase? And this
would be a form of self-consciousness.

CHARLES DARWIN, 1871: THE DESCENT OF MAN, AND

SELECTION IN RELATION TO SEX

What is self-awareness?

Perhaps the only question that has vexed philosophers
more than the question of consciousness in humans is the
question of consciousness in animals. Darwin’s allowance
for a “form of self-consciousness” in a dog’s reflections on
his “past pleasures” was rather charitable, because it did
not require the dog to ponder the meaning of life or to be
aware of his thoughts. More High Church definitions of
consciousness might demand that Darwin’s dog also be
able to travel mentally back in time and place himself at
the scene of the chase. According to this criterion, if we
were to ask our dog Eliot to find his ball, it would not be
enough for Eliot to remember where the ball is; he should
also be able to remember that he, Eliot, placed the ball in
that particular bit of shrubbery yesterday.

The ability to attribute mental states like knowledge
and ignorance to others would seem to require some level
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of self-awareness. It is difficult to imagine how a baboon or any other
animal could compare her own knowledge with someone else’s without
some explicit access to her own mind. Given the ambiguous and incon-
clusive evidence for animals’ understanding of others’ mental states,
however, it is not surprising that evidence for consciousness in animals
is also equivocal and patchy.

Operational definitions of consciousness are slippery at best, primar-
ily because—like most mental states—consciousness is not a uniform
attribute that one either has or does not have. Philosophers have de-
bated the role and even existence of consciousness in human thinking
for millennia and have yet to come up with a satisfying definition. As
Daniel Dennett, a philosopher who has wrestled heroically with the
problem, puts it, “Consciousness is both the most obvious and most
mysterious feature of our minds” (1987a:160; see also Dennett 1991).
On the one hand, it seems irrefutable that we are aware of many of our
thoughts and emotions and that we are able to introspect about our
feelings and desires and plan our future behavior. On the other hand,
it is also clear that many of our mental processes remain entirely inac-
cessible to conscious thought and that many of our actions and percep-
tions are “unthinking.” We know many facts without knowing how
we know them, and once we have learned how to perform a particular
behavior—even a complex behavior like driving a car—we can repeat
the performance without being explicitly aware of every movement.

In struggling with the question of consciousness, William James
(1892) suggested that self-awareness was made up of several different
components. At the most basic level, there is what he called the “mate-
rial” or “phenomenal” self, the awareness of one’s physical experiences.
At a second level, James identified the “social” self, which concerns our
awareness of ourselves as distinctindividuals, embedded in a group or so-
ciety that includes many other distinct individuals. At the highest, most
complex, level James placed the “spiritual” self, defined as one’s “psy-
chic faculties and dispositions” (1892:163). At this level, our thoughts
and experiences become available to us for introspection: we can think
about what we think, and know what we know. This sort of introspec-
tion allows us explicit access to our thoughts, feelings and memories.
It has alternately been referred to as “consciousness,” “self-awareness,”
and “metacognition” (Metcalfe and Kober 2005; Nelson 2005).

An organism that is capable of metacognition need not always be
aware of his thoughts and knowledge. Indeed, much of the knowledge
that we have about ourselves and the world requires no active reflection
about how and why we know it. We have no memory, for example, of
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learning our first language, colors, or numbers. We also often have no
memory of how we first acquired even highly specific knowledge, like
the fact that there is a giant CITGO sign above the green monster at
Fenway Park. We “just know it.” In other cases, however, we can subjec-
tively visualize and recall a past event that led to a specific memory: the
chair we were sitting in and who was with us when the Red Sox finally
won the World Series. Because not all knowledge is associated with a
remembered experience, many have found it useful to distinguish be-
tween “semantic” and “episodic” memory. Semantic memory concerns
memory of facts and events without the added requirement of having
to reexperience the place, time, and context in which the memory was
obtained. Episodic memory, by contrast, is often referred to as “mental
time traveling,” because (at least according to most of its current defini-
tions) it requires explicit, subjective awareness of our experiences and of
how we acquired particular knowledge and memories (for discussions,
see Clayton et al. 2003; Suddendorf and Busby 2003; Tulving 2005;
Zentall 2006).

Slippery concepts demand definitions that are ostensibly less so. In
this chapter, we will use “consciousness,” “self-awareness,” and “meta-
cognition” interchangeably, as the ability to introspect explicitly about
at least some of our knowledge and beliefs and “to know what we know.”
We regard episodic memory as a more specialized form of metacogni-
tion, because it additionally demands the subjective reexperiencing or
anticipation of past or future events.

We do not yet completely understand why some of our thoughts be-
come conscious to us, and the degree to which metacognition helps to
coordinate other mental processes also remains unclear. Nevertheless,
there does seem to be agreement that most of our mental processes
remain unconscious and largely inaccessible, and that there is no rea-
son why theories about our own minds should be any less fallible than
theories about the minds of others.

The function of self-awareness remains elusive. Humphrey (1986)
speculated that consciousness has evolved to allow us to predict the
behavior of others on the basis of introspection about our own mo-
tives, thoughts, and beliefs. So, for example, a baboon might predict
that she can retaliate effectively against an opponent by threatening
her opponent’s kin because she knows that similar retaliation against
herself would make her angry. Self-awareness, in this view, is a neces-
sary precursor to speculating about the minds of others. Interestingly,
the medial prefrontal cortex, which appears to play such an important
role in the assessment of others’ mental states, shows similar activation
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when people consider their own thoughts and beliefs (Frith and Frith
2003; Saxe et al. 2004; Mitchell et al. 2005). This similarity is just what
we would expect if introspection served as a template for inferences
about others’ thoughts.

Explicit access to our experiences and memories may also assist us
in planning for the future. Adults with retrograde amnesia often know
and remember many things—their semantic memory is intact—but
they have no memory of anything that happened specifically to them.
They cannot bring into conscious awareness any event that they have
witnessed or experienced and they cannot plan their future actions
(Tulving 20035). In contrast, the mental time traveling associated with
episodic memory allows us not only to reexperience past events but also
to anticipate ones that have yet to arise (Suddendorf and Busby 2003;
Zentall 2006). By drawing on past experiences, we can simulate hypo-
thetical future social interactions and imagine how we might improve
upon a difficult social negotiation, tool, or hunting technique. Explicit
introspection about our mental states, in other words, may be essen-
tial for planning about how to manipulate both other individuals and
objects.

Children’s self-awareness

Like children’s theory of mind, children’s awareness of self develops
gradually, and their manifestations of self-identity vary substantially
with age. Most children recognize their mirror images by around 18
months of age (reviewed by Courage et al. 2004), at about the same age
that they begin to experience emotions like embarrassment and shame
(Barrett 2005). Very young children can also reliably identify their own
place in a family or social group (Damon and Hart 1982). Not until
several years later, however, will they begin to recognize that their own
knowledge and beliefs can be different from someone else’s and under-
stand how they acquired a particular memory or knowledge.

Episodic memory emerges in children at roughly four years of age—
around the same age as complex mental state attribution—suggesting
that the ability to separate one’s own experiences, beliefs, and thoughts
from others’ is crucially linked to an explicit sense of self (Atance and
O’Neill 2005). Although younger children can learn and remember
many things without much difficulty, they are often unable to recount
how they came to know them (Nelson 2005). For example, when three-,
four-, and five-year-old children were shown the contents of a drawer,
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all of the children could later recall the objects they had seen. Only the
older children, however, could explain how they knew what was in the
drawer (“You showed us!”). The younger children stated that they had
always known what was in it, or that they “just knew” (Gopnik and
Graf 1988; see also Taylor et al. 1994; Drummey and Newcombe 2002).
In this sense, young children manifest what Nelson (2005) has called
“childhood amnesia”: they know many things, but they cannot remem-
ber how or why they know it. The lack of such explicit, experiential
memory limits children’s ability to imagine themselves in hypothetical
scenarios and to reexperience events or emotions that are associated
with a particular memory.

Investigating self-awareness in animals

The question we pose in this chapter, then, is not whether animals re-
member events, social companions, or the location of food—clearly
they do. It is, instead, whether they know what they know, and how and
why they know it. Because such explicit access to memory demands in-
trospection and the ability to separate one’s own beliefs and knowledge
from others’, it may be beyond the capacity of any animal. Perhaps, as
John Donne wrote in a sermon in 1628, “The beast does but know, but
the man knows that he knows” (quoted by Kinsbourne 2005:144).

In our daily interactions with others, we take the question of hu-
man consciousness for granted. We are aware of at least some of our
own states of mind, and we can use this awareness to predict both
our own and other individuals’ behavior. Through introspection into
our own thoughts, we assume that others are also aware of their own
thoughts and aware of their identities as individuals distinct from all
others. These intuitive theories about our own and other people’s men-
tal states are much more difficult to apply to animals. In the absence of
language, it is difficult if not impossible to ask someone how he knows
what he knows. Although we can ask a human whether he is reexpe-
riencing the particular event when he recalls a specific memory, such
interviews are clearly impossible in the case of animals. Simply asking
Eliot to find his ball will not allow us to determine whether he “just
knows” that the ball is in the bush to the right of the door or whether
he knows this because he can recall putting the ball there.

As mentioned earlier, an explicit sense of self emerges in children at
roughly the same age as the ability to attribute knowledge and beliefs
to others. Indeed, it is hard to imagine how it would be possible for a
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person to recognize that another individual has a belief or knowledge
different from his own without having at least some conscious access to
his own beliefs and knowledge. And because there is little evidence that
any animal is capable of this sort of complex mental state attribution, it
may also be the case that animals are not capable of metacognition and
the mental time traveling involved in episodic memory. Nonetheless, as
we have seen, baboons and other animals are clearly able to distinguish
their own social relationships from those of others, and there is some
suggestion that they may recognize other individuals’ intentions and
motives. It therefore seems possible that they might also have some lim-
ited access to their own knowledge and some ability to plan their future
behavior.

Baboons often behave as if they were planning and rehearsing a
social interaction. We once watched Margaret, Sylvia’s juvenile grand-
daughter, sit for over half an hour, chewing slowly on a palm nut and
staring at Selo, the group’s alpha female and doyenne (Fig. 39). Selo had
a young infant, and Margaret seemed to be debating whether and how
she might approach to inspect the baby. But was Margaret imagining
dramas starring herself, perhaps as the heroine who saves the baby from
the jaws of a leopard to the eternal gratitude of a tearful Selo? Or was she
considering possible strategies: “If I grunt, will she let me approach?”

Figure 39. The juvenile female Margaret considers whether to approach Selo. Photograph by
Anne Engh.
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Even this thought process would seem to demand some form of con-
scious reflection. Or maybe Margaret was hesitating to approach be-
cause she was experiencing feelings of uncertainty, based on memories
of previous interactions with Selo. Would such feelings of uncertainty
also demand some degree of introspection? Or was Margaret just trying
to crack the nut in her mouth?

Below, we review some attempts to examine the question of self-
awareness in animals. Because we were unable to address this question
directly with baboons, much of the evidence we describe comes from
work on captive animals. We first describe this work and then return to
a discussion of James’ social self as it applies to baboons.

The phenomenal self

Most of our body’s basic needs are regulated by physiological mecha-
nisms that are not consciously accessible. Other sensory experiences,
like a pinprick or a visual image, can be experienced consciously. It
seems probable that almost all animals have an elementary recognition
of their phenomenal, or material, self, in the sense that they react to
painful stimuli and distinguish between sensory inputs that come from
their own bodies and sensory inputs that come from elsewhere. With
some exceptions, however, most animals’ sense of their material self
seems to remain tacit, without the individual being actively aware that
he can see or alter his unique self.

Tests of mirror self-recognition, originally devised by Gallup (1970),
offer strong evidence that apes, but not monkeys, recognize that the
face they see in the mirror is their own (see also Heyes 1994; Tomasello
and Call 1997). Although it is not altogether clear what aspects of con-
sciousness are reflected by tests with mirrors, they do reveal a consistent
and qualitative difference between apes and monkeys, and they suggest
that apes have some capacity to make material self-recognition at least
partially accessible to thought. Nevertheless, although monkeys may
not recognize their mirror images as themselves, they do appear to be at
least partially aware of their perceptions. The phenomenon of “blind-
sight” illustrates this point.

We sometimes lose conscious access to phenomena of which we are
normally aware. For example, humans with damage to the visual cortex
experience blindness, in the sense that they are unaware of seeing. Of-
ten, however, they can still unconsciously detect, locate, and discrimi-
nate visual events in their blind field even though they report that they
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are unable to do so (Weiskrantz 1998). This occurs because the eyes
send pathways not just to the striate cortex, where images become con-
sciously accessible, but also to other areas in different subcortical parts
of the brain. As a result, people with blindsight experience a dissocia-
tion between their awareness of seeing and their perceptual capacity
to do so. Conscious introspection of visual information is lost. When
asked to state whether a pattern of light is vertical or horizontal, people
with blindsight are highly accurate in their answers, but they say that
they see nothing and are only guessing.

Similar results have been obtained from monkeys with blindsight.
Stoerig and Cowey (1995) removed part of the striate cortex in the left
hemisphere of four macaques, so that the monkeys were “blind” in
their right eye. The monkeys were then trained in a simple discrimina-
tion task in which they had to touch one of five buttons that was briefly
lit. The monkeys also received blank trials, when no button was lit.
After these, the monkeys had to press another, “no light,” button to sig-
nal that they had seen nothing. All of the monkeys accurately touched
the lit button, even when it was presented in their “blind” visual field.
However, after these trials, the monkeys also pressed the “no light” but-
ton, effectively reporting that they were not aware of seeing an event
that they had clearly processed subcortically.

Metacognition
Monitoring knowledge

Monkeys with blindsight seem to have some awareness of what they
think they see. Other recent experiments suggest that, Donne’s remarks
notwithstanding, monkeys may have a rudimentary ability to evaluate
what they do and do not know.

Consider the state of uncertainty. When asked to identify a person
whom we have met only once, we often experience a sense of some in-
decision. In so doing, we are making a tacit assessment of our knowl-
edge. Similarly, when a dog is asked to jump into the back of a car, he
will often whine, hesitate, and run around in circles before attempting
(or refusing) the jump. For the psychologist Edward Tolman (1932:206)
such “running, or looking, back and forth” hinted at mental turmoil
and “constitutes a conscious awareness.” However, it is entirely possible
to feel uncertain and hesitant without being actively aware of these
feelings. True metacognition would seem to require more explicit intro-
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spection and deliberate evaluation of one’s knowledge. As Tolman put
it, introspection “requires that [the individual] can report that he is thus
adjustmentally running-back-and-forth” (1932:241).

Hampton (2001, 2005) investigated two rhesus macaques’ ability to
make prospective judgments about their knowledge. Each monkey first
saw a picture displayed on a computer screen for several seconds. After
a variable delay, the monkey was given a forced recognition test. The
original picture was displayed on the screen along with three novel
ones, and the monkey had to pick the picture he had seen earlier. On
other trials, the monkeys were not forced to take the test, but given
the choice of escaping it. If they chose to take the test, they received a
large reward if they were correct, but none if they were wrong. If they
chose to escape, they always received a small reward. The monkeys per-
formed better on tests that they were free to take than on ones that they
were forced to take, suggesting that the monkeys were, at some level,
evaluating their knowledge prior to deciding whether or not to take
the test.

Similarly, Son and Kornell (2005) devised a series of experiments ex-
amining rhesus macaques’ confidence judgments about their prior deci-
sions. In one experiment, the monkeys sat in front of a computer screen
that displayed eight squares containing a variable number of items.
Their job was to choose the square with the fewest number of items. In
some trials, this choice was easy, because the correct square contained
noticeably fewer items than the others (say, 1 vs. 8). In more difficult
trials, the correct square contained only one or two fewer items (say, 6
vs. 7). Both monkeys became skilled at the task.

Each monkey was then taught to wager bets about the accuracy of
his choice (Fig. 40). After the monkey had made his choice, the squares
disappeared from the computer screen and were replaced by two sym-
bols, one representing a high-risk bet, the other representing a low-risk
bet. If the monkey placed a high-risk bet and his choice had been cor-
rect, three tokens dropped into a tube displayed on the screen. But if
he wagered a high-risk bet after an incorrect choice, three tokens flew
out of the tube—to the monkey’s blatant displeasure and distress. In
contrast, when the monkey made a low-risk bet, one token was added to
the tube regardless of whether his previous choice had been correct or
incorrect. After the accumulation of six tokens, the monkey received a
food reward. Although it took more than a year and a half for the mon-
keys to become proficient with the betting paradigm, both eventually
learned to place bets. Furthermore, both monkeys were more likely to
choose the high-risk bet after they had chosen correctly than after they
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Figure 40. The rhesus macaque Ebbinghaus attempts to decide which picture he has seen pre-
viously. The tube holding the betting tokens is at the bottom right of the screen. Photograph
by Lisa Son.

had chosen incorrectly, suggesting that they not only remembered their
previous decision but also were able to assess their confidence in it. Son
and Kornell were able to rule out the possibility that the monkeys were
simply relying on cues such as response time when deciding whether to
make a high- or low-risk bet, and the monkeys generalized the betting
paradigm easily to new tests, including ones based on their memory of
previously observed pictures (see also Shields et al. 1997, 2005; Smith
et al. 1995, 2003; Smith 2005; Washburn et al. 2006 for similar experi-
ments with monkeys and dolphins).

A number of experiments, then, have suggested that monkeys are
able to access and monitor their knowledge. Whether or not they are
explicitly aware of doing so, however, remains unclear. Although the
monkeys in these experiments might have been able to introspect about
why they felt uncertain, it seems more likely that they just felt hesitant
without being aware of the causes of their uncertainty. In the latter case,
the monkeys might simply have learned to avoid high-risk options (and
the possibility of losing a reward) whenever they felt uneasy. Even this
lower, implicit metacognition, though, would provide monkeys with an
accurate means to assess their knowledge. Indeed, as Son and Kornell
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point out, many of our own certainty judgments are also implicit and
“unthinking.” In game shows, for example, contestants are often re-
quired to press a buzzer to signal whether or not they know the answer
to a question. These metajudgments are often made very quickly, before
the contestants have retrieved the answer. Nevertheless, contestants’
judgments about the accuracy of their yet-to-be-accessed knowledge is
usually correct. Despite humans’ ability to introspect about what we
know, therefore, we are not always aware of why we feel certain or un-
certain. Whether or not monkeys are aware of their uncertainty is, as
Son and Kornell state, “endlessly arguable.”

It is difficult to imagine how the elegant experiments just described
could be transferred to free-ranging animals. Baboons often act as if
they are reassessing their knowledge, but whether or not they are ex-
plicitly aware of doing so is impossible to determine. The anecdotes are
intriguing, if inconclusive. To wit: it was an impossibly hot day and the
baboon group was spread out over a large distance as it traveled to a dis-
tant woodland. As a result, few baboons had witnessed Nicky, the third-
ranking male, topple Morgan from his second-ranking position. There
had been a brief but decisive scuffle over a clutch of eggs, and Morgan
had been forced to cede both the eggs and his rank to Nicky. Several
hours later, one of us found ourselves sitting under an acacia bush with
Third Man, the fourth-ranking male in the group. The group was slowly
heading out across an open plain, but we were both reluctant to move
into the sun. About 50 meters away, Nicky approached Morgan and Mot-
gan gave way. Third Man, who had appeared to be dozing, started, sat
upright, and grunted. Apparently, he had not known about the switch
in ranks and was surprised by what he saw. It is certainly tempting to
conclude that the incident provoked a degree of uncertainty in Third
Man, forcing him to admit that his knowledge of the male dominance
hierarchy needed to be updated.

Similarly, before initiating a water crossing (or leaving the sleeping
site) baboons spend a long time dithering on the shore. Certain adults
seem to take one of two roles. The “initiators” make the initial forays into
the water. Usually, these are older males or females of varying ranks. As
other group members watch and grunt, the initiator wades across the
first body of water to a nearby small island or termite mound. He or she
then sits and waits to be joined by others, gazing back at the onlookers
and exchanging grunts with them (Fig. 41). Although many other group
members may eventually follow the initiator’s lead, it is not until one of
the “deciders” enters the water that the full crossing is made. Deciders
are most often the adult female members of the highest-ranking matri-
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Figure 41. How do baboons decide when to make a water crossing? Photograph by Keena
Seyfarth.

line, and Selo is the most persuasive decider of them all. Unless she joins
the crossing, the initiators almost always return. When the initiator is a
subordinate female, Selo will sometimes approach that female after the
first crossing has been made and exchange grunts, lipsmacks, and hugs
with her.

These observations beg more questions than they answer. Indeed,
the puzzle about who initiates and decides the direction of group move-
ments has vexed primatologists for decades (e.g., Kummer 1968; Boinski
and Garber 2000). It often seems that other group members are follow-
ing the lead of specific individuals, but these individuals are not neces-
sarily the ones that initiate the movement. Why do some baboons act
as initiators? Do they know that they are more experienced at making
water crossings, or do they simply feel less afraid (and more impatient)
than others? Does Selo know that she is the ultimate arbitrator in the de-
cision? Does she assess her level of certainty before deciding to join the
crossing? To the human observer, it seems very much as if the grunts,
lipsmacks, and looks exchanged between initiators and onlookers func-
tion as mutual acknowledgments of risk and the need to coordinate.
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The baboons appear to be aware of each other’s intentions and levels of
uncertainty.

At the same time, however, it may be equally (if not more) probable
that other group members follow Selo’s lead simply because they do not
want to become separated from the rest of the group, and Selo, being
the highest-ranking and a member of the group’s largest family, is more
likely to be followed by more animals than other females. As a result,
Selo may have acquired the role of “decider” without ever explicitly
knowing how or why she has done so. As yet, we have been unable to
devise a way to test between these two explanations.

Episodic memory

Many food-caching birds and rodents remember not just where they
have stored food but also which sites they have already depleted. If a
nutcracker’s retrieval session is interrupted he will avoid previously de-
pleted sites in his next retrieval session, even if many days elapse be-
fore he can resume his search (Balda and Kamil 1992). By following this
“win-shift” strategy, the nutcracker demonstrates that that he remem-
bers not only which sites still contain seeds but also which sites do not.
But when he remembers which sites are now depleted, does the bird also
remember that he was the one that depleted them?

Experiments conducted with scrub jays suggest that food-caching
birds remember not just where they stored food but also what kind of
food they stored and when they stored it (Clayton and Dickinson 1998).
Given the opportunity to retrieve previously stored peanuts or meal-
worms, scrub jays preferentially retrieve the more desirable mealworms,
but only if they stored the worms recently, before they have had time
to decay. After 124 hours’ delay, the jays choose to retrieve peanuts.
This behavior has led Clayton and colleagues to argue that scrub jays
have an “episodic-like” memory because they appear to remember what
they did, when they did it, and where they did it (see also Griffiths et al.
1999; Clayton et al. 2003; de Kort et al. 2005).

Scrub jays also seem to use memories of their own behavior and ex-
periences as a template for predicting the behavior of others. Recall
that scrub jays and ravens are more likely to recover and rehide pre-
viously stored food when being observed by a potential pilferer than
when alone. In scrub jays, birds that have learned to pilfer from others
are more likely to rehide their caches than are naive birds that have not
yet learned to steal (Emery and Clayton 2001, 2004). The birds’ hiding
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strategies seem to be influenced by their expectations of being robbed,
which in turn depends on their experiences as thieves.

Memory of recent actions is not restricted to food-storing birds. Rats
accurately remember what they did and when they did it (Ergorul and
Eichenbaum 2004), and trained dolphins can report not only what they
have just done, but also what they have not just done (Mercado et al.
1998). In both birds and mammals, the hippocampus plays a crucial
role in these episodic-like memories (Eichenbaum et al. 2005), enabling
individuals to review their recent actions (Foster and Wilson 2006).

There is little doubt that scrub jays, rats, and other animals are ca-
pable of remembering what, where, and when something occurred.
They use their memories flexibly to plan future actions—for example,
where next to retrieve food. What remains unclear is whether they are
capable of the sort of metacognition that would allow them to recog-
nize how they obtained their information. If we could interview them,
they might simply report—like three year-old children—that they “just
knew” where and when particular food items had been stored. Similarly,
although scrub jays’ memories of their own behavior may guide their
responses to other birds, there is no evidence that they are engaged in
mental time-traveling when they do so—that they can explicitly recall
the meal worm that they pilfered from Freddy last Tuesday. In the ab-
sence of evidence that scrub jays can actively reflect about the source of
their knowledge, their memory cannot be described as truly episodic.

But this may be unfair. In the absence of an interview, how can we
ascertain with any certainty whether or not any animal has episodic
memory? Apes, too, often act as if they have episodic memory. In one
experiment, Mulcahy and Call (2006) trained a bonobo (or pygmy
chimpanzee, Pan paniscus) and an orangutan to use a particular tool to
open a box containing food. In test trials, each individual was presented
with a choice of eight different tools, only two of which were suitable
for opening the box. The ape could choose to select a tool or not. After
five minutes, she was ushered from the testing room and sent to her
sleeping room. The remaining tools were then removed from the room.
Fourteen hours later, she was allowed back into the testing room. If she
had chosen the correct tool the day before, she could then open the
box and retrieve the food. Neither of the subjects chose a tool in the
first trial. In most of the next 11 trials, though, they not only chose
the correct tool before leaving the testing room but also remembered
to bring it back with them when they left their sleeping room the next
morning. The apes did not simply learn to carry the tool in and out of
the testing room because they associated tool transport with a reward,
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because when the experimenters removed the box and rewarded the
subjects just for returning the tool to the testing room, the apes typi-
cally neglected to bring it back. Instead, by choosing the correct tool
many hours before they would receive a reward, both subjects appeared
to be planning for the future.

But even this impressive behavior is subject to some caveats. When
the apes chose a specific tool did they imagine themselves using the tool
tomorrow? Or had they just learned that they had to take the tool with
them when they left the room? In the wild, chimpanzees show evidence
of planning when they select a prodding stick before going to a termite
mound or collect nuts and stones before heading to an anvil. When se-
lecting a stick, do they imagine themselves prodding the stick into the
mound and licking off delicious termites, or do they “just know” that
they need to find a good stick before they begin to fish? Just as monkeys
might experience feelings of uncertainty without reflecting explicitly
about why they feel that way, so might chimpanzees show considerable
foresight without explicitly projecting themselves into the future.

The social self

Children’s awareness of their own identities as unique individuals de-
velops at roughly the same age as their awareness of the unique identi-
ties of others (e.g., Damon and Hart 1982; Rotenberg 1982; Gopnik and
Meltzoff 1994). For James (1892), a crucial component of consciousness
was the awareness of oneself as a distinct individual, a member of a
social network comprised of other distinct individuals. We define our
social selves in part by reference to others; there cannot be an “I” with-
out a “you” or a “they” for comparison.

We have argued that a baboon would be in a state of complete ner-
vous exhaustion if she responded to every vocalization or behavior she
heard or saw. The crucial component of the social self, therefore, is the
ability to recognize when a vocalization, gaze, or other communicative
behavior is directed at you and not at someone else. As we described in
Chapter 8, baboons seem very sensitive to the contingencies surround-
ing social interactions and are masters at determining whether they
or someone else is the target of a call. A baboon would not be able to
decide “Who, me?” without also being able to determine “Not me.”

When a vervet monkey observes a fight between one of her own
close relatives and another individual, she often retaliates by threaten-
ing a member of her relative’s opponent’s family (Cheney and Seyfarth
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1990). In so doing, she behaves as if she recognizes not only the rela-
tionships that exist within her opponent’s family, but also the relation-
ships that exist within her own family. Monkeys also seem to recognize
their own dominance ranks. When a dominant female vervet or ba-
boon approaches two lower-ranking females who are grooming, it is
almost invariably the lower-ranking of the two groomers who moves
away (Chapter 6). Both the female who leaves and the one who stays
seem to recognize their own status relative to each other.

Baboons’ stress responses are exquisitely sensitive to the distinction
between “I” and “you.” When a male baboon begins to rise in rank,
other high-ranking males experience an elevation in glucocorticoid
levels. Low-ranking males, in contrast, show no such response. Instead,
their glucocorticoid levels are higher during periods when the male
dominance hierarchy is stable (Chapter 4). These differences suggest
that males’ stress responses are influenced by the loss of social control.
During periods of rank stability, high-ranking males enjoy predictable
and privileged access to food and estrous females, while low-ranking
males do not. In contrast, when the male dominance hierarchy is unsta-
ble and the dominance positions of high-ranking males are in jeopardy,
dominant males experience a loss of social control, and a concomitant
increase in glucocorticoid levels (Sapolsky 1992, 1993; Bergman et al.
2005). The males’ stress responses occur as a result of events that are
happening to them, and not to others (Fig. 42). Similarly, female ba-
boons show stress responses primarily to events that affect themselves:
the loss of a close relative, an infanticidal threat to their own infant, and
rank instability that affects their own dominance position (Engh et al.
2006a,b).

Although baboons and other monkeys may behave as if they recog-
nize their unique place in the social network and distinguish between
events that affect them and those that do not, they may not be explic-
itly aware of doing so. Just as the stress response does not depend on
introspection, so might baboons not reflect actively on their rank posi-
tions and familial relationships.

As we have described, female baboons often show friendly behavior
toward individuals whom their close relatives have recently threatened.
Why should a baboon feel motivated to reconcile on behalf of her re-
latives? Empathy seems unlikely, because baboons appear unable to
attribute mental states different from their own to others.

Instead, kin-mediated reconciliation may occur because baboons
identify so strongly with their close relatives that interactions involv-
ing family members are viewed as surrogates for interactions involving
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Figure 42. Spock searches for his consort female, Selo. Males’ glucocorticoid levels show a tem-
porary rise when they are engaged in sexual consortships. Photograph by Roman Wittig.

themselves. According to this explanation, Selo’s bond with her daugh-
ter Palm is so strong that she regards a fight involving Palm and Comet
as tantamount to one involving herself and Comet. She is therefore mo-
tivated not only to form alliances with Palm but also to reconcile with
Palm’s victims. For Selo, Palm’s interactions become her interactions.
And if reconciliation functions to restore equilibrium between oppo-
nents, Selo should be as likely to reconcile with Palm’s opponents as
with her own. In contrast, fights involving nonrelatives do not evoke the
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Communication

Their speech is the only gateway to their minds, and through it we must pass
if we would learn their secret thoughts and measure the distance from mind to
mind. RICHARD GARNER, 1892: THE SPEECH OF MONKEYS

When you barke, doe it with judgement.
SCHOOLMASTER TO THE BABOON, BAVIAN, IN WILLIAM SHAKESPEARE
AND/OR JOHN FLETCHER, 1614: THE TWO NOBLE KINSMEN

In their responses to our playback experiments, baboons
reveal their thoughts. A baboon who ignores the sequence
“Sierra threat-grunts and Luxe screams” but responds
strongly when she hears “Luxe threat-grunts and Sierra
screams” tells us that she knows who is calling, what is oc-
curring, and that Sierra should outrank Luxe. Her aptitude
for deducing a rich narrative from a stream of sounds is im-
pressive. It also makes her small repertoire of relatively ste-
reotypic calls seem all the more paradoxical. Why should
a monkey who can extract nuanced information from oth-
ers’ vocalizations be unable to convey equally nuanced in-
formation in her own?

Since Aristotle, philosophers and scientists have ac-
cepted the proposition that human language and thought
are intimately related and that language, being public, can
help us understand thought, which would otherwise be
private. But the same argument has rarely been applied to
animals, probably because human language and animal
communication have always seemed so different. Darwin’s
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views were typical of his time. He believed that the production of sounds
by animals originally appeared as the involuntary consequence of other
bodily movements:

When the sensorium is strongly excited, the muscles of the body are generally
thrown into violent action; and as a consequence, loud sounds are uttered, however
silent the animal may generally be, and although the sounds may be of no use.
(Darwin 1871/1981:83).

Darwin also noted that over evolutionary time the production of
some sounds had come to be associated with specific emotions, such as
pain, pleasure, or rage, and, as a result, these vocalizations had come to
serve a communicative function. The roaring of lions and the growling
of dogs signal these animals’ rage and “thereby endeavour to strike ter-
ror into their enemies.” The incessant calling of males in the breeding
season signals their “anticipation of the strongest pleasure which ani-
mals are capable of feeling” and thereby “endeavours to charm or excite
the female” (Darwin 1871/1981:84-85).

More than a century later, little had changed. In 1986, after years
of field research, Jane Goodall concluded that “chimpanzee calls are,
for the most part, dictated by emotions” (Goodall 1986:125), while in
1990 the linguist Derek Bickerton stated that primate vocalizations are
“quite automatic and impossible to suppress” (Bickerton 1990:142). Like
Darwin before them, Goodall and Bickerton drew a sharp distinction
between the learned, voluntary sounds that are used in human lan-
guage and the innate, reflexive sounds that are used in animal com-
munication. Whereas language is a semantic system in which words can
represent thoughts, actions, and events in the world, animal communi-
cation is nothing more than the expression of emotions. And because
animal calls are reflexively linked to emotions, the close relation be-
tween a speaker’s vocalizations and his thoughts—so obvious in human
language—simply does not exist in animals.

At the same time, many scientists and philosophers have also con-
ceded that, in their comprehension of human signs and speech, ani-
mals often seem remarkably similar to humans. Indeed, two pages after
arguing that animal signals are nothing more than reflexive reactions,
Darwin wrote:

That which distinguishes man from the lower animals is not the understanding
of articulate sounds, for, as every one knows, dogs understand many words and

sentences. In this respect they are at the same stage of development as infants,
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between the ages of ten and twelve months, who understand many words and
short sentences, but cannot yet utter a single word ... Nor is it the mere capacity
of connecting definite sounds with definite ideas; for it is certain that some parrots,
which have been taught to speak, connect unerringly words with things, and per-
sons with events. (Darwin 1871/1981:85)

For Darwin and many others, then, there was a huge disconnect in
animals between the mental processes underlying call production and
those underlying call comprehension. This view has much validity.
Dogs, for example, can learn to associate different words with specific
toys (ball) and events (car ride), even though their barks are relatively
invariant and stereotypic. The apparent discontinuity between produc-
tion and comprehension results in an odd imbalance: dogs, monkeys,
and other animals can learn many sound-meaning pairs but cannot
produce new words. They understand conceptual relations but cannot
attach labels to them (see also Chapter 11; Cheney and Seyfarth 1998).

But there are at least three flaws to the proposition that there is a
vast, yawning gap between the mental mechanisms that underlie call
production and those that underlie comprehension. First, listeners are
also signalers. The vervet monkey who responds to a companion’s eagle
alarm call by looking up into the sky will on some other occasion be the
individual who is giving the eagle alarm call. It therefore seems unlikely
that the mental representations that accompany the interpretation of
an eagle alarm call are always qualitatively different from those that
accompany its production. We discuss this point further in Chapter 11.

Second, even if animal vocalizations were simply innate, unthinking
reflexes (and we believe that they are not), they still have the potential
to carry rich semantic meaning. To understand why, consider an al-
legory borrowed from David Premack (1975), who was perhaps the first
to point out that a nonlinguistic system of communication based en-
tirely on emotion can effectively become semantic. Suppose, Premack
argued, you know that I love strawberries more than anything else.
And you also know that more than anything else I hate and fear snakes.
One day, when I am out of sight behind a bush, you hear me give a
great shout of joy. If you know that I only give this call when I've found
strawberries, my cry tells you unambiguously that there are strawber-
ries behind the bush. I might just as well have said the word “strawber-
ries.” Similarly, if you hear a scream and can be certain that I only give
this call to snakes, my scream tells you unambiguously that I have seen
a snake. The moral is: whenever a listener can detect a predictable pat-
tern in another’s vocalizations, even a system of communication based
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entirely on emotions can become one that conveys information about
objects and events in the world.

Third, monkeys and other animals do not just respond reflexively to
stimuli in their environment. To the contrary, the causal factors under-
lying call production are myriad and complex, and there is often a close
relationship between a particular call type and a specific object or event
in the external world. The crucial analytical method is to take each com-
municative event and deconstruct it by looking separately at the signaler
and the listener—at the factors that cause one individual to vocalize, and
the information that a listener can acquire when he hears a call.

What causes an animal to vocalize?
Alarm calls

Some animal vocalizations are elicited by a broad array of stimuli,
while others are much more specific. Both suricates (a South African
mongoose, Suricata suricatta) and Diana monkeys (a West African for-
est monkey) give alert calls in response to many different stimuli, in-
cluding mammalian and avian predators, large nonpredatory animals,
falling trees, and social disturbances within the group (Gautier and
Gautier 1977; Zuberbuhler et al. 1997; Manser 2001). When animals
hear an alert call they look intently in the direction of the signaler, as
if searching for more specific information. These alert calls stand in
marked contrast to the alarm calls that suricates and Diana monkeys
give in response to specific types of predator. Suricates give one alarm
call type to mammalian predators (primarily jackals, Canis mesomelas),
a second type to hawks and eagles, and a third to snakes (Manser 2001).
Listeners respond in qualitatively different ways to the different alarm
call types. Upon hearing a mammalian predator alarm, they run to the
nearest burrow, upon hearing an eagle alarm they scan they sky, and
upon hearing a snake alarm they approach the sound, giving alarm calls
themselves. Similarly, Diana monkeys give acoustically distinct alarm
calls in response to mammalian predators like leopards and to avian
predators like the crowned eagle (Stephanoaetus coronatus). When they
hear a leopard alarm call they climb higher in the trees; when they hear
an eagle alarm call they run down, out of the forest canopy (Zuberbuhler
et al. 1997, 1999).

In many species that give different alarm calls to different preda-
tors, variation in predator type is the primary stimulus that determines
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which alarm call is given. Variation in other aspects of the social and
ecological context is relatively unimportant. Like Diana monkeys, ver-
vet monkeys have several specialized alarm calls. One is given to mam-
malian carnivores like leopards, another to large raptors like the martial
or crowned eagle, and a third to snakes (Struhsaker 1967). When vervets
on the ground hear a leopard alarm call they run into the trees. When
they hear an eagle alarm call they look up into the air, and when they
hear a snake alarm call they inspect the bushes, trees, and grass around
them (Seyfarth et al. 1980). For both Diana and vervet monkeys, alarm
calls are truly predator-specific: the sight or sound of a leopard or eagle
elicits the appropriate alarm call regardless of predator numbers, dis-
tance, or elevation (Seyfarth et al. 1980; Zuberbuhler 2000).

In other cases, the relation between the eliciting stimulus and alarm
call type is more complex. In suricates, signalers also vary the acoustic
properties of each alarm call type in a manner that is associated with
levels of urgency. They give low urgency mammalian predator alarms
to distant jackals and high urgency mammalian predator alarms to
closer ones. The suricates also produce low and high urgency versions
of their eagle and snake alarms (Manser 2001). Within each alarm call
category, they respond more strongly to high urgency than to low ur-
gency variants (Manser et al. 2001a). The eliciting stimuli for suricate
alarms, therefore, include both predator type and some features of the
immediate context that are correlated with the caller’s perception of
urgency (Manser et al. 2001b).

The alarm calls of vervet monkeys, Diana monkeys, and suricates
function, like words, to designate different predator types. In other spe-
cies, alarm calls communicate information about urgency but not about
the nature of the threat. For example, if a predator arrives suddenly
and there is little time to escape, California ground squirrels (Spermophi-
lus beecheyi) give whistle alarms regardless of whether the predator is
a mammal or a raptor. When a predator is spotted at a distance, they
give chatter-chat alarms, again regardless of predator type (Owings and
Hennessy 1984; see also Blumstein and Armitage 1997).

Martial eagles and crowned eagles—the only African eagles big
enough to prey on baboons—are rare or absent in the Okavango. As
a result, we do not know whether baboons, like vervets and Diana
monkeys, might have an eagle-specific alarm call. Baboons do, how-
ever, give alarm calls to mammalian carnivores like lions and leopards,
as well as to crocodiles and snakes. Males produce loud alarm wahoos
and females and juveniles give a distinctive alarm bark (Fig. 43). Alarm
wahoos are acoustically similar to the contest wahoos that males give
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Figure 43. Baboons give alarm calls to the lions that have treed them. Photograph by Chris
Harvey.

during competitive contests with other males (Chapter 4), but the two
types of wahoo differ according to a number of acoustic measures
(Fischer et al. 2002). Similarly, the alarm barks given by females and
juveniles are acoustically similar to the contact barks that baboons give
when they become lost or separated from their companions (Chapter 8).
Again, however, there are subtle acoustic differences between the two
bark types that allow them to be distinguished by ear (Fischer et al.
2001a).
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Male and female baboons give a slightly different alarm bark in re-
sponse to crocodiles and snakes. Although we have not been able to
study this vocalization systematically, it is our strong impression that
listeners distinguish between alarm barks given to mammalian carni-
vores and those given to crocodiles. When the baboons are foraging
near water, where attacks by lions and crocodiles are equally likely, they
respond to “lion” barks by running toward trees and to “crocodile” barks
by running a short distance from the water before stopping to peer into
it. In the absence of playback experiments, though, we cannot confirm
this impression.

Other vocalizations

Unlike predator alarm calls, which depend in a fairly simple way on
the type of predator or the degree of danger, the vocalizations given by
animals during social interactions are elicited by a more complex array
of factors that may include both the immediate social context and the
history of interactions between the particular individuals involved. Ba-
boon grunts offer an excellent example.

As we mentioned in Chapter 5, grunts are the baboons’ most com-
mon vocalization. They are individually distinctive and given in a va-
riety of nonaggressive circumstances. While all baboon grunts sound
similar to us, they are actually of two acoustically graded types (Owren
etal. 1997; Rendall 2003). One, the move grunt, is typically given in the
context of group movement, either as the animals forage through woods
or tall grass or when a group move is just beginning. A female may stand
up, look at several other individuals, and give one or two move grunts.
This attracts the attention of others, who may answer her with a move
grunt of their own. Move grunts occur at particularly high rates when
the move is potentially dangerous—for example, during water crossings.
Like similar calls given by other primate species, move grunts function
to alert other individuals to the signaler’s intentions to travel in a par-
ticular direction. This is important, because in large social groups there
may be conflicts of interests about where or whether to move, but strong
incentives for group members to remain together (Silk in press a).

The second, slightly different infant grunt is given by adult females
during many sorts of friendly interactions and provides information
about the signaler’s disposition (see Chapters 5 and 8). Infant grunts
are most commonly given in the context of infant handling, but they
also occur during grooming, other friendly behavior, and reconciliation
(Fig. 44). The two grunt subtypes thus differ in the specificity of the
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Figure 44. The juvenile female Domino grunts as she examines the infant of CP, a lower-ranking
female. Photograph by Keena Seyfarth.

stimuli that elicit them. Move grunts are linked to a specific context. By
comparison, infant grunts are given in a wide variety of friendly situ-
ations. Whereas infant grunts function to signal benign intent toward
one specific individual, move grunts broadcast the signaler’s intentions
to many individuals.

Move and infant grunts exemplify the variation found in the baboon
vocal repertoire, and indeed in the vocal repertoires of many other
primates. Some calls are tightly linked to a relatively narrow context,
whereas others are used in a variety of circumstances. Some calls are di-
rected at a specific individual, whereas others—including alarm calls—
are more widely broadcast. Some calls are equally likely to be given by
animals of all ranks and ages, others are not. Contact barks, for instance,
are given by any individual who feels lost or separated. In contrast,
threat-grunts are given only in aggressive interactions, and primarily by
individuals who are higher-ranking than their opponents.

Unmodifiable, involuntary signals?

In marked contrast to children, who learn to produce and comprehend
thousands of new words during their first three years of life, monkeys
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and apes rarely modify their vocal repertoires by adding new sounds.
Although some primates make subtle modifications in their vocaliza-
tions as a result of experience (Hauser 1992a; Elowson and Snowdon
1994; Mitani and Brandt 1994; Crockford et al. 2004) and can modify
the loudness of their calls through auditory feedback (Hage et al. 2006),
a baboon in Kenya produces more or less the same sounds in the same
contexts as a baboon in Botswana. This conclusion follows not only
from research on many primate species (Seyfarth and Cheney 1997b)
but also from a cross-fostering experiment involving two closely related
species.

In this experiment, two infant Japanese macaques and two infant
rhesus macaques were each cross-fostered into a group of the other spe-
cies. The Japanese macaque infants were adopted by rhesus macaque
mothers, and the rhesus macaque infants by Japanese macaque moth-
ers. Japanese and rhesus macaques have very similar, baboon-like social
structures. Each of the cross-fostered infants became fully integrated
into its adoptive group. As they grew older, they even acquired ranks
similar to those of their foster mothers. But while their social environ-
ment was similar to what they would have experienced in their own
species’ groups, the infants were exposed to a quite different culture
of vocalizations. For example, although Japanese macaques give grunt-
like gruffs in some contexts, they give a clear coo call when they play.
Conversely, while rhesus macaques give coos in some contexts (particu-
larly when feeding), they give gruffs when they play. What calls did the
cross-fostered monkeys give?

Somewhat surprisingly, despite their ability to produce their adop-
tive species’ calls, the cross-fostered juveniles continued to use their
own species’ vocalizations. In the rhesus macaque groups, the cross-
fostered Japanese macaques gave coos while their rhesus playmates
gave gruffs; in the Japanese macaque groups the opposite occurred. The
cross-fostered animals behaved as if there were a rigid, unmodifiable
link between call and context (Owren et al. 1992, 1993).

Monkeys, then, seem genetically predisposed to give particular calls
in particular contexts. But this is not to say that their vocalizations
are entirely reflexive and involuntary. Although their call repertoire may
be relatively fixed, their choice of whether to call or remain silent is
more flexible. Consider baboons’ predator alarm calls—surely some of
their most emotionally charged vocalizations (Fig. 45). Although ba-
boons sometimes give seemingly uncontrollable, frenetic alarm calls to
predators when they are under attack, such responses are by no means
automatic. If the predator poses no immediate threat, then only a few,
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Figure 45. A group of juvenile baboons gathers around a snake. Snakes often elicit no alarm calls
from baboons. Photograph by Keena Seyfarth.

or sometimes no, individuals produce alarm calls. If baboons spot a
predator at some distance, the few individuals who give alarm calls will
do so in a sporadic, almost diffident manner. There is no obligatory link
between the sight of a predator and the production of an alarm.

Stronger evidence for flexibility in the production of animal calls
comes from experiments on the “audience effect” in birds and mon-
keys. Peter Marler and his colleagues presented male jungle fowl (Gallus
gallus) with a silhouette of a hawk that “flew” over the birds’ cage on a
wire. The roosters gave alarm calls at high rates whenever they were in
the presence of a member of their own species, but almost no alarm calls
when they were alone (Gyger et al. 1986; Karakashian et al. 1988). When
we carried out a similar experiment on an isolated pair of captive vervet
monkeys, adult females gave more alarm calls to a simulated predator
when they were with their own offspring than when they were with
an unrelated juvenile (Cheney and Seyfarth 1985b). In both of these
experiments, call production depended on the caller’s audience. There
was no obligatory, involuntary link between the sight of a predator and
the production of an alarm.

Similarly, female baboons do not always give move grunts when ini-
tiating a move or infant grunts when approaching mothers with in-
fants. Listeners seem to recognize that grunt production is variable and
voluntary, and they respond accordingly. If a dominant female grunts

226



COMMUNICATION

to a lower-ranking mother as she approaches, the mother acts as if she
recognizes that there is little likelihood that she will be threatened or
have her food taken away from her. If, on the other hand, the domi-
nant female remains silent, the subordinate takes this as a cue that she
should leave, even if it means relinquishing a tasty fruit (Chapter 5).
Far from being fixed and invariant, then, the production of a grunt de-
pends on the details of the social situation and the particular individu-
als involved. Indeed, watching baboons grunt is rather like watching
humans engaged in a conversation: animals grunt to one another in a
calm, relaxed manner, and seem to grunt or remain silent entirely out
of choice. Furthermore, baboons also seem to use grunts (and the lack
thereof) to assess each other’s intentions (Chapter 8).

In the absence of experiments, it is impossible to determine the ex-
tent to which monkeys have voluntary control over their vocalizations
or whether they can explicitly decide whether or not to give a call. It re-
mains entirely possible that female vervets give more alarm calls when
they confront a predator in the presence of their offspring because
they become more excited and afraid in this context than when they
are with an unrelated juvenile. Similarly, female baboons may grunt
to mothers with infants because grunts are difficult to repress when
they are highly motivated to be friendly. In the laboratory, however,
monkeys’ vocalizations can be brought under operant control (Pierce
1985). It seems likely, therefore, that the spontaneous vocalizations of
monkeys are also under some voluntary control.

This hypothesis is supported by a recent experiment in which two
captive Japanese macaques were trained to use a rake to retrieve food.
After training, the monkeys spontaneously began to give coos when us-
ing the rake. This was not surprising, because under natural conditions
Japanese macaques give coos when foraging for and finding food. The
experimenters then trained one of the monkeys to vocalize to request
food or the rake. When they analyzed the acoustic features of the mon-
key’s coos, they found that the monkey had, of his own accord, adopted
one coo type to request food and another coo type to request the rake.
Even though the monkey may have been strongly predisposed to give
coos in the context of food, he seemed to have enough control over call
production to use different coo types when making his requests (Hihara
et al. 2003).

Further evidence that monkeys can choose when to call and when
to remain silent comes from experiments performed by Wich and de
Vries (2006) on groups of Thomas langurs (Presbytis thomasi), a species
of Indonesian monkey that lives in small groups containing several fe-
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males and one male. They exposed 12 different groups to a model of a
tiger and found that, in each group, the male continued to give alarm
calls until every other group member had also given at least one alarm.
The males behaved as if they actively monitored the calling behavior of
others and only ceased calling themselves after every other individual
had acknowledged the predator’s presence.

Emotional signals?

From at least Darwin’s time, vocal communication in animals has been
thought to differ from human language largely because the former is
an affective system based on emotion, whereas the latter is a referential
system based on the relation between words and the things they repre-
sent. Over the years, much ink has been spilled—by us and others—in
debates about whether animal vocalizations could ever have a referen-
tial component and, if so, how referential and affective signaling might
interact (see Seyfarth and Cheney 2003 for a review). Often the debate
has been cast as an either/or dichotomy between affective and referen-
tial signaling. Such a dichotomy, however, is logically untenable.

A call’s potential to function as a referential signal depends on the
link between call type and social context. The mechanisms that un-
derlie this link are irrelevant. A tone that informs a rat about the im-
minence of a shock, an alarm call that informs a vervet about the pres-
ence of a leopard, or a scream that informs a baboon that her offspring
is involved in a fight all have the potential to provide a listener with
precise information because of their predictable association with a nar-
row range of events. The widely different mechanisms that lead to this
association have no effect on the signal’s potential to inform.

Put slightly differently, there is no obligatory distinction between
“referential” and “affective” signaling. Knowing that a call has the po-
tential to convey highly specific information tells us nothing about
whether its underlying causation is affective or not. Conversely, know-
ing that a call’s production is due entirely to the caller’s affect tells us
nothing about the call’s potential to function as a referential signal.

It is therefore wrong, on theoretical grounds, to treat animal signals
as either referential or affective, because the two properties of a com-
municative event are logically distinct and independent dimensions.
The first concerns the signal’s relation to features of the environment,
whereas the second concerns the underlying mechanisms by which that
relation arises. Highly referential signals could, in principle, be caused
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has been cast as an either/or dichotomy between affective and referen-
tial signaling. Such a dichotomy, however, is logically untenable.

A call’s potential to function as a referential signal depends on the
link between call type and social context. The mechanisms that un-
derlie this link are irrelevant. A tone that informs a rat about the im-
minence of a shock, an alarm call that informs a vervet about the pres-
ence of a leopard, or a scream that informs a baboon that her offspring
is involved in a fight all have the potential to provide a listener with
precise information because of their predictable association with a nar-
row range of events. The widely different mechanisms that lead to this
association have no effect on the signal’s potential to inform.

Put slightly differently, there is no obligatory distinction between
“referential” and “affective” signaling. Knowing that a call has the po-
tential to convey highly specific information tells us nothing about
whether its underlying causation is affective or not. Conversely, know-
ing that a call’s production is due entirely to the caller’s affect tells us
nothing about the call’s potential to function as a referential signal.

It is therefore wrong, on theoretical grounds, to treat animal signals
as either referential or affective, because the two properties of a com-
municative event are logically distinct and independent dimensions.
The first concerns the signal’s relation to features of the environment,
whereas the second concerns the underlying mechanisms by which that
relation arises. Highly referential signals could, in principle, be caused
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entirely by a signaler’s emotions, or their production could be relatively
independent of arousal state. Highly affective signals could be elicited
by very specific stimuli and thus function as referential calls, or they
could be elicited by so many different stimuli that they provide listeners
with only general information. In principle, any combination of results
is possible. The “affective” and “referential” properties of signals are
also logically distinct—at least in animals—because they may be dif-
ferent for signalers and listeners. The mechanisms that cause a signaler
to vocalize do not in any way constrain a listener’s ability to extract
information from the call.

Once again, baboon grunts offer a good example. Drew Rendall
(2003) used behavioral data to code a social interaction involving move
or infant grunts as one of high or low arousal. He then examined the
calls given in these two circumstances and found that in each con-
text certain acoustic features or modes of delivery were correlated with
apparent arousal. Bouts of grunting given when arousal was seem-
ingly high were characterized by more calls, a higher rate of calling,
and calls with a higher fundamental frequency (FO) than bouts given
when arousal appeared to be low. Further analysis revealed significant
variation between contexts in the same three acoustic features that var-
ied within context. By all three measures (call number, call rate, and
FO), infant grunts were correlated with higher arousal than were move
grunts. Infant grunts also exhibited greater pitch modulation and more
vocal “jitter” (Rendall 2003).

It is, of course, difficult to obtain independent measures of a caller’s
arousal in the field. However, similarities between human and non-
human primates in both the mechanisms of phonation (Schon Ybarra
1995; Fitch and Hauser 1995; Fitch et al. 2002) and the expression of
emotions (Scherer 1989; Bachorowski and Owren 1995; Hammer-
schmidt and Jurgens in press) support Rendall’s (2003) conclusion that
different levels of arousal play an important role in causing baboons
to give acoustically different grunts in the infant and move contexts.
But accepting this view says nothing about the grunts’ potential to act
as referential signals that inform listeners about events taking place at
the time. Move grunts are linked to the context of group movement
and therefore have the potential to convey quite specific information
to listeners (Fig. 46). When Comet hears Balo give a move grunt, she
learns with considerable precision what is happening in Balo’s life at
that moment. By comparison, infant grunts are not as tightly linked to
a particular type of social interaction, and as a result their meaning is
less precise. When Comet hears Balo’s infant grunt, she learns that Balo
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Figure 46. Baboons often give move grunts when traveling through wooded areas where they
are out of sight of others. Photograph by Roman Wittig and Cathy Crockford.

is involved in some sort of friendly interaction, but the precise nature
of the interaction is unknown.

“Discrete” versus “graded” signals

Historically, the dichotomous view that language is referential whereas
animal vocalizations are emotional has gone hand in hand with the
notion that human speech is perceived as a number of discretely dif-
ferent sounds whereas animal vocalizations are perceived as an acousti-
cally graded continuum. But this dichotomy, too, is overly simplistic
and largely incorrect. Just as a baboon’s grunt may reflect her level of
arousal and yet convey specific, referential meaning to a listener, so a
baboon may produce a graded continuum of sounds that is nonetheless
perceived by listeners in a discrete, categorical manner. This is not to
say that perception of a graded continuum of sounds is always discrete,
just that the production of an acoustically graded continuum does not
in itself rule out the possibility of perception in terms of discrete cat-
egories (Marler 1976). In fact, such perception appears to be widespread
(Fischer 2006).
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Julia Fischer’s (1998) study of Barbary macaque alarm calls was one
of the first to demonstrate “categorical perception” of a graded series
of sounds in free-ranging nonhuman primates. Since then, this result
has been replicated several times, most notably in studies showing that
baboon listeners respond to several of their acoustically graded calls as
if they provide discretely different sorts of information. For example,
although baboons’ infant and move grunts grade acoustically into one
another (Owren et al. 1997), listeners treat them as if they provide quali-
tatively different sorts of information. In playback experiments, listen-
ers are significantly more likely to “answer” a move grunt than an in-
fant grunt by giving a call of their own, and they are significantly more
likely to scan the surrounding area after hearing a move grunt than
after hearing an infant grunt (Rendall et al. 1999). At the same time, lis-
teners’ responses are also affected by context, because females are more
likely to give answering grunts and scan the areas around them when
the group is moving than when it is resting. Thus, while the baboons’
move and infant grunts grade acoustically into one another, the two
calls nonetheless function as discretely different signals whose mean-
ing is influenced by the context in which they occur.

Similar results come from another playback study in which Julia
Fischer divided female baboons’ alarm and contact barks into those that
unambiguously belonged to the contact or alarm category and those
that were acoustically intermediate. She conducted playback experi-
ments and found that infants responded in qualitatively different ways,
and with increasing intensity, to typical contact barks, intermediate
barks, and typical alarm barks (Fischer et al. 2000). Adults, on the other
hand, showed strong responses only to alarm barks. Their responses
to intermediate and contact barks depended upon the context. If an
adult was alone on an open savannah and particularly vulnerable to
predation, she treated an intermediate bark as if it were an alarm bark.
If she was with other animals or foraging in a relatively safe place, she
did not. These results suggest, again, that although alarm and contact
barks show acoustic intergradation, listeners treat them as if they pro-
vide discretely different information (Fischer et al. 2001b). And, as with
grunts, a call’s meaning (as measured by listeners’ responses) depends
on a combination of information derived from the call itself and infor-
mation derived from the context in which it occurs.

In a third study, Dawn Kitchen showed through playback experi-
ments that the alarm and contest wahoos of adult males, which grade
acoustically into one another (Fischer et al. 2002), are nonetheless
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Figure 46. Baboons often give move grunts when traveling through wooded areas where they
are out of sight of others. Photograph by Roman Wittig and Cathy Crockford.
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perceived by female baboons as discretely different vocalizations that
require qualitatively different responses (Kitchen et al. 2003a).

The acoustic intergradation in all of these vocalizations may be
caused by gradation in the caller’s arousal or emotional state. Indeed,
Fischer’s analysis suggests strongly that the acoustic variation in female
contact and alarm barks, and in male contest and alarm wahoos, is con-
sistent with an explanation based on variation in the caller’s emotions
(Fischer et al. 2001a, 2002, 2004a; see also Jurgens 1995). Rendall (2003)
also argues convincingly that the acoustic variation in infant and move
grunts is best explained by assuming that signalers giving infant grunts
are more emotionally aroused than signalers giving move grunts, and
that within the former category some infant grunts reflect more excite-
ment than others. In each of these cases, however, graded calls whose
production may be determined largely by the signaler’s emotions are
nonetheless perceived as discretely different vocalizations. And once
listeners have recognized that each of these discretely different signals
is predictably linked to a particular event, calls have the potential to
convey to listeners a meaning that goes far beyond information about
the signaler’s emotional state.

There is, finally, yet another way in which listeners respond to a
graded continuum of calls as if each call provides discretely different
information. As we have mentioned, most if not all of the baboons’
vocalizations are individually distinctive. When a baboon hears a call,
she knows immediately that the caller is Sylvia and not Hannah, Fat
Tony, or any other group member. She knows, in other words, that the
call belongs in one of approximately 80 discretely different categories.
Individual recognition by voice is a fact of life for baboons and other
primates and, as we have seen, caller identity can strongly affect a call’s
meaning. After Hannah has fought with Nimi, Hannah’s grunt tells
Nimi that Hannah is unlikely to threaten her again, whereas a grunt
from Beth is largely irrelevant, at least for the moment. In this respect as
in many others, baboons have been selected to arrange a graded series
of calls into discrete categories. The graded information is discretely
coded because there are no intermediate values: the call that Nimi hears
is either from Hannah or Beth, not some intermediate chimera.

Given the potential ambiguity inherent in a graded series of calls, and
the importance of distinguishing both between different call types and
between the calls of different individuals, it appears that baboon listen-
ers have been under strong selective pressure to detect subtle distinc-
tions within a graded acoustic continuum and to link these differences
in acoustic structure with differences in individual identities, social
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events, predators, and so on. We are only beginning to understand how
this linkage takes place. Neurophysiological research (discussed below)
is beginning to reveal how the brain encodes call “meaning” in non-
human primates, but we still know very little about how this encod-
ing relates to our human conceptions of “emotional” and “referential”
information. A baboon may recognize a grunt as Sylvia’s because any
vocalization by Sylvia elicits high anxiety. Alternatively, she may rec-
ognize Sylvia’s grunt because, in a much less emotionally charged way,
hearing it conjures up in her mind a vision of the aged curmudgeon.
Referentiality in baboons and other primates could be achieved by the
encoding of emotional information that is tightly linked to specific
external events (recall Premack’s argument about the strawberries), or it
could be largely independent of emotion; at this stage, we simply do not
know. In the following sections we take a closer look at the “meaning”
of primate signals.

Meaning and emotion: The argument so far

To this point, we have argued that the dichotomy separating “invol-
untary” primate vocalizations from “voluntary” human speech is mis-
leading. Primate vocalizations are not involuntary reflexes, impossible
to suppress. They are, instead, much more like the other behaviors in
which animals choose to engage. As they go about their daily lives,
baboons decide whether or not to vocalize, just as they decide whether
or not to groom, play, or form an alliance. Their behavior depends on
a complex combination of their own motivation, the particular situa-
tion at hand, and who else is involved. Primates can control whether
they vocalize or not; what they cannot control are the detailed acoustic
features of the calls they choose to produce.

The dichotomy separating “graded” animal vocalizations from “dis-
crete” human speech is equally misleading, because a graded contin-
uum of calls can nonetheless be perceived in a discrete manner. Baboon
listeners, for example, often respond to acoustically graded signals as if
they convey discretely different information, and they assign unique,
categorical, individual identities to different signalers’ calls.

Finally, the dichotomy separating “emotional” primate calls from
“referential” human speech is both logically and empirically false
because, regardless of the mechanisms that underlie their production,
vocalizations can provide listeners with highly specific information
about events external to the signaler. Baboon vocalizations acquire their
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meaning because each call is individually distinctive and each call type
is predictably associated with a specific social context. Listeners recog-
nize these associations. They imbue calls with meaning.

The representation of meaning in animal vocalizations

Meaning, however, is not a term to be used lightly, especially in the
company of philosophers and linguists. When Pavlov’s dog salivated at
the sound of a metronome, Pavlov did not rush to conclude that the dog
interpreted the sound as a symbol for meat in the same way that the
word steak is a symbol for meat to humans. Instead, he cautiously con-
cluded that the dog had formed an association between the metronome
and meat, with the result that the sound alone came to elicit the same
response as the meat itself.

Thus far, the data we have reviewed are no different from Pavlov’s.
When a baboon hears an alarm bark and immediately runs to a tree, her
response could simply be the result of a learned association between the
sound and imminent danger. Nothing in the baboon’s behavior forces
us to conclude that she understands the sound-meaning relation that
links a particular call with a specific feature of the world. What kind of
experiment would allow us to test this hypothesis?

When we hear a word, we process it simultaneously at two levels. At
the acoustic level we hear it, take note of how it sounds, and distinguish
it from other words that have a similar sound. At a higher, more abstract
level—call it the semantic level—we take note of what the word means.
If you were asked whether the words treachery and deceit are similar or
different, you would probably answer that they are alike. You would ig-
nore the fact that they sound different and focus instead on the fact that
they mean roughly the same thing. And if you were asked to compare
treachery and lechery you would probably ignore the fact that they sound
alike and say that they were different—unless, of course, you were writ-
ing a poem about a dissipated traitor and looking for words that rhyme.

When does a sound cease to be just a sound and become a word?
David Premack (1976) argued that this transformation occurs when the
sound is judged, or two sounds are compared, not on the basis of their
physical properties (how they sound) but according to the properties of
the objects they denote (what they mean). We can be fairly confident that
treachery, deceit, and lechery have semantic meaning to humans because
they can tell us that they regard treachery and deceit, but not treachery and
lechery, as synonyms. Can monkeys make similar classifications?
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Figure 47. A Diana monkey from the Tai forest, Ivory Coast. Photograph by Florian Moellers.

Klaus Zuberbuhler tested this hypothesis in a series of experiments
on wild Diana monkeys (Fig. 47). To begin, he played from a concealed
loudspeaker the growling of a leopard and found that it elicited a cho-
rus of leopard alarm calls from nearby monkeys. Then he played the
shriek of a crowned eagle and showed that it elicited a chorus of eagle
alarm calls. Next, Zuberbuhler played a male Diana monkey’s leopard
alarm call and found that it elicited a chorus of leopard alarms from
females. This was interesting because the female’s leopard alarm call
is acoustically different from the male’s, so the females were not just
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imitating the male’s call. Similarly, when females heard a male Diana
monkey’s eagle alarm call, they responded with their own eagle alarm
call, which, again, is acoustically different from the male’s.

Zuberbuhler then designed an experiment that, in effect, asked the
treachery-deceit question. It asked the monkeys to compare two acous-
tically different calls that seemed to denote the same object (leopard
growls and a male’s leopard alarm; eagle shrieks and a male’s eagle
alarm), and two different calls that seemed to denote different objects
(leopard growls and a male’s eagle alarm; eagle shrieks and a male’s
leopard alarm). His method took advantage of the fact that Diana mon-
keys, like most animals, habituate to the same stimulus if it is presented
repeatedly. Diana monkeys respond strongly when they first hear a
leopard’s growl. But if they hear the same call several minutes later they
remain silent, presumably because the second call provides them with
no new information.

When females heard a male’s leopard alarm, they responded by giv-
ing their own leopard alarm calls. Five minutes later, however, when
the females heard a leopard’s growl coming from the same area, they
gave no response. The females remained silent even though they would
have given leopard alarm calls if they had heard the growl in the ab-
sence of any prior alarm calls. In contrast, when the females heard an
eagle’s shriek five minutes after hearing a male’s leopard alarm, they
responded with a chorus of their own eagle alarm calls. Similarly, fe-
males who had first heard a male’s eagle alarm call did not respond,
five minutes later, to the shriek of an eagle. But they did respond with
leopard alarm calls if they were played the growl of a leopard. Diana
monkey leopard alarm calls and leopard growls sound very different, as
do Diana monkey eagle alarm calls and eagle shrieks. Nonetheless, the
monkeys responded to the two leopard-associated noises and the two
eagle-associated noises as if they provided the same information—as
if they were synonyms. They classified sounds on the basis of their
meaning, not just their acoustic properties (Zuberbuhler et al. 1997,
1999).

Zuberbuhler’s results support a representational theory: a theory in
which organisms have mental representations of objects in the world
and these representations influence their behavior. The theory argues
that when a female Diana monkey hears a sound like a male’s leopard
alarm call, two things happen: she recognizes the link between this
sound and an actual leopard, and she represents a leopard in her mind.
To paraphrase the philosopher Jerry Fodor, the female Diana monkey
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introduces a semantic connection into the causal chain that begins when
she hears the alarm call. The connection is semantic because in this
chain of events the leopardness of the sound appears twice, once by
virtue of the way things are in the world and once as it is represented in
the monkey’s mind (Fodor 1986). The mental representation has causal
power because when the female hears a leopard’s growl coming from
the same location five minutes later, she compares this new representa-
tion with the one she already has. Since the new information is redun-
dant, the female does not respond to the growl by giving an alarm call.
Instead, she remains silent. Had the growl been an eagle’s shriek,
however, the female would have responded by giving her own eagle
alarm call.

Notice that in Zuberbuhler’s experiment there is no fixed, invariant
link between stimulus (a leopard’s growl, for instance) and response (an
alarm call of a specific sort). If a monkey hears a growl, she may give
an alarm call, or not. We can explain the monkey’s selective respond-
ing only if we assume that it is caused by an intervening psychological
process that depends crucially on stored information about sounds and
what they stand for. Stated differently, we can explain the monkey’s
behavior only if we assume that, in the mind of a listener, calls have
acquired meaning.

This description of the information acquired during communication
does not require any specialized skills on the part of monkeys. To the
contrary, it is entirely consistent with modern versions of Pavlovian
theory as it has been developed on rats and pigeons (Dickinson 1980;
Rescorla 1988). If a rat learns that a light signals the imminent delivery
of a shock, the rat begins to show fear and avoidance whenever the light
comes on; the light provides the rat with information about the shock.
Further, if a rat first learns that a tone is associated with the light and
then learns that the light is associated with shock, it exhibits fear and
avoidance behavior not only when the light comes on but also when
the tone is heard, even though tone and shock have never been associ-
ated directly.! Although the light and the tone are qualitatively differ-
ent sorts of stimuli and are processed by different sensory mechanisms,

1. See Rizley and Rescorla (1972). Brogden (1939) was the first to describe this phenomenon.
He called it “sensory preconditioning.” Note that the experiments on rats and pigeons do not rely
on habituation. They therefore argue against the view that, in studies like Zuberbuhler’s, Diana
monkeys remain silent after a hearing a leopard’s growl simply because they just gave a leopard
alarm a few minutes ago and animals get bored producing the same call over and over (Thompson
1995; Heyes 1994; Schusterman and Kastak 1998).
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they have come to elicit the same response because they provide the rat
with the same information.

Criticism of the representational theory

Our application of the representational theory to monkeys and other
animals can be criticized on several grounds. To begin with, it is vague:
although we talk about the “meaning” of vocalizations to monkeys, we
cannot say precisely what they mean or specify exactly where in the
brain such mental representations reside. Our discussion of call mean-
ing can also be criticized as simplistic and premature, because we have
borrowed a complex term from linguistics and philosophy without
pointing out the substantial differences between humans’ use of words
and animals’ use of vocalizations. Below we consider each of these is-
sues in turn. To preview our argument, we accept the notion that our
use of “meaning” is imprecise (though this also holds for words). At
present, scientists know much more about the neural basis of meaning
in the human brain than about its counterpart in the brains of mon-
keys, but preliminary data reveal some striking similarities. Finally, we
borrow the representational theory to highlight not just the similari-
ties and differences between baboons and humans but also to bolster
the argument that baboons’ vocalizations provide the key that unlocks
their minds.

What information, exactly?

In Word and Object (1960), the philosopher W. V. O. Quine imagines a
linguist who has arrived in a foreign land where people speak a com-
pletely unknown language. The linguist sets out to discover what their
words mean. But when a rabbit runs by and a local citizen shouts “Ga-
vagai!” the linguist realizes that determining precisely what this word
means is going to be more difficult than he had anticipated. Gavagai
might mean large ears, see how fast it runs, hippity-hop, let’s catch it and
eat it, or even rabbit. In principle, an infinite number of meanings is
possible. Quine’s point was that, even with an intimate knowledge of
the language, the linguist could never be certain that his meaning of
gavagai was exactly the same as another’s. The linguist might be able to
specify the conditions under which gavagai was uttered, but his assess-
ment of the word’s meaning would always be, in comparison with other
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relations in the natural sciences, an approximation. Quine called this
the “radical indeterminacy of meaning.”?

Other philosophers, like Ludwig Wittgenstein (1953) and George
Herbert Mead (1964), took a more social, contextual approach to the
study of meaning. They argued that the meaning of a word depends not
only on its link to a specific referent but also on its use—in a sentence,
by a particular speaker, in a particular social context. These contextual
variables lead inevitably to slight modifications in meaning from one
communicative event to another: the same word never means exactly
the same thing in two successive uses. Unlike Quine, Wittgenstein and
Mead were untroubled by this approximation because, regardless of
how nuanced a word’s meaning might be, speakers and listeners must
still agree sufficiently for the word to function in natural conversation
and be passed down from generation to generation (Pears 1987). Radi-
cally indeterminate they may be, but words still work.

Given the difficulty of specifying the meaning of human words, any
attempt to specify the meaning of animal vocalizations is bound to be
even more problematical, because we cannot hope to understand an-
other species’ mind as well as we understand our own. Making matters
worse, while some animal vocalizations (like predator-specific alarm
calls) are given in narrowly defined circumstances and appear to have
a fairly specific meaning, many others (like baboon infant grunts) are
only loosely linked to particular events. The radical indeterminacy of
many animal vocalizations should not, however, deter us from study-
ing their meaning, for at least three reasons.

First, as Quine pointed out, radical indeterminacy is everywhere,
from the normal speech of adults to the one-word utterances of young
children and the confused ramblings of neurological patients. This
makes the study of meaning difficult but it does not make it impossible,
nor does it rule out such research in principle.

Second, we should not underestimate the rich information that vo-
calizations can provide to listeners even in cases where a call’s meaning
is imprecise. As we have mentioned, many animal vocalizations, includ-

2. Sixty-eight years earlier, in The Speech of Monkeys (1892), Garner anticipated Quine’s
example: “If you should be cast away upon an island inhabited by some strange race of people
whose speech was so unlike your own that you could not understand a single word of it, you
would watch the actions of those people, and see what they did in connection with any sound
they made; and in this way you would gradually learn to associate a certain sound with a certain
act, until at last you would be able to understand the sound without seeing the act at all.” Like
others, Garner was untroubled by the radical indeterminacy of meaning.
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ing those of baboons, are individually distinctive. Beginning with this
observation, scientists studying birds, primates, and other animals have
conducted playback experiments to test hypotheses about individuals’
knowledge of their social companions. By using combinations of calls
designed to provide listeners with the information that a certain event
has taken place, experiments have shown, for example, that birds eaves-
drop on the singing contests of rivals to assess their relative dominance
ranks (Chapter 7), vervet monkeys remember which individuals have re-
cently groomed them (Chapter 6), and baboons recognize the rank and
kin relations that exist among others (Chapter 6). All of these studies
presume that listeners gain at least one bit of very precise information
when they hear a call: information about the identity of the signaler.
From this relatively simple starting point they go on to derive much
more complex information about the social events taking place around
them, as well as the social relationships that these events imply.

A third reason for studying the meaning of animal calls concerns
the future direction of comparative neurobiological research. If we ac-
cept the view that meaning plays no role in animal communication,
it follows that the semantic information conveyed by human words is
unique, with no parallels in the vocalizations of any nonhuman crea-
tures (for examples of this argument, see Owings and Morton 1998;
Owren 2000). This conclusion, though, is premature, as we shall see in
the following section.

What, precisely, are “mental representations”?

It is time to admit that, despite the ubiquitous use of the term, no one
can say precisely what mental representations actually are, or where
they are stored in the brain. But this is not necessarily a problem. There
is, in fact, a long history in science of giving a name to something with-
out really knowing what it is. In 1909, the Danish biologist Wilhelm Jo-
hannsen christened Mendel’s units of heredity “genes.” He had no idea
what genes were; all he knew was that they obeyed certain laws. Over
the next 40 years, “like the atoms of the physical chemist at much the
same time, genes acquired combinatorial rules and otherwise became
imaginable as their manifestations were observed” (Judson 1979:206).
There is, then, nothing wrong with using a term like “mental represen-
tation” to label an entity whose physical properties we are only begin-
ning to understand.

Research on the brain structures that underlie monkeys’ knowledge
of the world has lagged behind research on the human brain, for several

240



COMMUNICATION

reasons. First, many of the most exciting developments in human brain
function have come from the application of functional magnetic reso-
nance imaging (fMRI). This technique has only recently been applied
to monkeys (Logothetis et al. 2001; Ghazanfar and Logothetis 2003).
Second, human language, including our enormous vocabulary, allows
scientists to present subjects with extremely specific questions about
familiar objects or problems while they measure brain activity. Compa-
rable experiments on monkeys are difficult to conduct—difficult, but
not impossible, as we shall see below.

From fMRI studies of the human brain, there is growing evidence
that we encode object words using a distributed neural representation
that combines “a perceptual representation based on an object’s physi-
cal features and a semantic representation based on previously acquired
information about the object” (Martin 1998:72; see also Barsalou et al.
2003; Caramazza and Mahon 2006; Humphreys and Riddoch 2006).
Perceptual information about the object’s physical features is distrib-
uted among a number of different brain areas depending on the specific
feature involved. Information about the object’s color is stored close to
the brain region that mediates color perception, information about how
the object moves is stored close to the brain region that mediates per-
ception of motion, and so on. The attributes and features that uniquely
define an object, distinguishing it from other objects in the same gen-
eral category, are bound together as a result of having been experienced
together when the object was previously perceived. This binding creates
“a network of discrete cortical regions: a semantic network” (Martin
1998:74).

The human semantic network is activated automatically, not only
when an object is seen but also whenever its name is read, heard, or
retrieved as we speak or write. The network, in other words, is multi-
modal. Hearing the sound of a train causes activity in both brain re-
gions associated with audition and brain regions associated with visual
perception and the perception of motion. Seeing a train (or a picture
of a train) produces activity in visual areas and also makes it easier
for us to imagine the train’s chugging and whistling sounds (Barsalou
et al. 2003).

The human semantic network also appears to involve automatic,
unconscious activation of previously acquired information about an
object. In experiments that asked human subjects to identify line draw-
ings that they had never seen before, subjects took less than 0.7 seconds
to identify what the drawings represented. “How,” the neuroscientist
Alex Martin asks, “could we quickly recognize or identify an object as
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being of a particular type (chair, pencil, kangaroo, etc.)” if our semantic
network did not instantly provide us with information derived from our
prior knowledge of chairs, pencils, and kangaroos (Martin 1998:74)?

Although research on the representation of call meaning in monkeys
has only just begun, some intriguing parallels between monkey and hu-
man processing have already emerged. Like humans, rhesus macaques
have areas in the brain that respond selectively to their own species’
vocalizations (as compared with other auditory stimuli) and to their
own species’ faces (as compared with other visual stimuli) (see Chapters
1, 7, and 8). Different sorts of face cells in different areas of the rhesus
macaque temporal cortex respond selectively depending upon facial
identity, facial expressions, and gaze direction—strong indications that
the rhesus’ brain has evolved specific structures to deal with particular
aspects of its social world (see Ghazanfar and Santos 2004 for review).
Like humans, monkeys exhibit neural lateralization (a left-brain, right-
ear advantage) in the processing of their own species’ calls but not in the
processing of other auditory stimuli (Petersen et al. 1978; Hefner and
Hefner 1984; Weiss et al. 2002; Poremba et al. 2004).

Perhaps most important, thesus macaques appear to process and cat-
egorize sounds in ways that are analogous to humans’ processing of
speech sounds. When rhesus macaques hear their own species’ calls,
they show a pattern of neural activation that is strikingly similar to the
one described for humans. As we described in Chapter 8, the monkeys
show neural activity not only in areas associated with auditory pro-
cessing but also in areas necessary for visual processing, and for stor-
ing information about objects in memory (Gil da Costa et al. 2004).
And anatomical studies of the brain reveal strong connections between
these different areas (Poremba et al. 2003). The result is a multimodal
pattern of activation that integrates auditory and visual information
(Ghazanfar and Logothetis 2003; Ghazanfar et al. 2005; Barsalou 2005;
see also Barraclough et al. 2005).

Furthermore, when rhesus macaques hear their own species’ calls
they appear to evaluate them according to their “meaning” rather than
their acoustic features alone. Like Diana monkeys, rhesus macaques dis-
criminate between different calls on the basis of the information they
convey (Gifford et al. 2003). Yale Cohen and his colleagues (Gifford
et al. 2005; Cohen et al. 2006) played food-associated calls and calls
given in nonfeeding contexts to rhesus macaques and examined the re-
sulting activity in the monkeys’ ventrolateral prefrontal cortex (vPFC),
an area of the brain associated with the classification of stimuli (Freed-
man et al. 2001). The food-associated calls included coos and gruffs,
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two call types that are acoustically very different. They found that neu-
rons in the vPFC responded differently to food-associated calls than to
other call types despite their acoustic differences, indicating that the
prefrontal cortex plays an important role in the classification of audi-
tory stimuli by function, or “meaning.” These results are particularly
interesting because the monkeys were not trained to make these clas-
sifications; they did so spontaneously.

Taken together, these studies support the suggestion that monkeys
do more than just perceive a sound at the acoustic level when they
hear a particular call type. They also form a multimodal (visual and
auditory) representation of what the sound means. There is, therefore,
considerable support for the existence of “a homologous system in non-
human primates and humans for representing object information” (Gil
da Costa et al. 2004:17518). Or, as Barsalou (2005:309) suggests, when
one monkey hears another vocalizing “the auditory system processes
the call, the visual system processes the faces and bodies of conspecif-
ics, along with their expressions and actions, and the affective system
processes emotional responses. Association areas capture these activa-
tions as they occur repeatedly, storing them for later representational
use. When subsequent calls are encoded, they reactivate the auditory
component, ... which in turn activates the remaining component in
other modalities. Thus the distributed property circuit that processed
the original situation later represents it conceptually.”

In sum, while we do not yet know precisely what mental represen-
tations are, modern neurobiology, greatly aided by new developments
in brain imaging, is beginning to reveal the structure of mental repre-
sentations in humans and in monkeys. But are monkey vocalizations
really like words? If the same cortical network were activated in a ba-
boon’s mind when she saw a lion and when she heard a baboon’s alarm
bark, would we be right to conclude that the alarm bark meant lion to
the baboon in the same way that the word hippo denotes a particularly
malevolent herbivore to us? Although the parallels in brain function
would be compelling, the answer must surely be “no.” Why?

Meaning in linguistic and nonlinguistic creatures

To answer this question, we return to the observation that “meaning”
is a loaded term in linguistics—encompassing far more than just infor-
mation about objects or events in the world (for a valuable discussion

of these issues, see Jackendoff 1994 and Pinker 1994). When John tells
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Theo “The Red Sox relievers were lousy last night,” he is not just map-
ping words onto events in the world. Much more is communicated than
these bare facts. John’s words are motivated by his desire to provide
Theo with information both about certain events and about his atti-
tude toward them. From John’s statement, Theo learns not just about
the sorry state of the Red Sox bullpen but also about John’s unhappiness
with the Red Sox roster. John assumes that Theo hasn’t yet heard about
the Red Sox’s late inning swoon. Theo assumes that John is disgruntled
because he is a Red Sox fan.

Mind-reading pervades language. Because humans rarely speak or lis-
ten to others without attributing mental states to them, the meaning of
words in language includes far more than just the mapping of a sound
onto a referent. Indeed, the philosopher H. P. Grice (1957) argued that
true linguistic communication cannot occur unless both the speaker
and the listener take into account each other’s state of mind. According
to this view, monkeys and other animals cannot be said to communi-
cate like humans unless they use calls with the intent to provide (or
manipulate) information. Given that monkeys lack a full-blown theory
of mind and cannot distinguish between their own knowledge and
somebody else’s (Chapter 8), even calls that serve a referential function
may be based on mental mechanisms that differ fundamentally from
those found in human speech.

There is another sense in which human words differ fundamentally
from animal vocalizations. Words are more than just labels for con-
cepts; they acquire additional meaning through their relation to other
words and their functional roles as nouns, verbs, and modifiers (Pinker
1994). Words in a sentence play two roles simultaneously: they desig-
nate features of the world and they specify the roles these features play
in a narrative event. Sentences have a complex, hierarchical structure
that maps onto semantic structure. As a result, they are infinitely more
powerful communicative devices than single words because they allow
us to describe not just things but relations among things. Sentences
allow us to take a relatively finite vocabulary and generate an infinite
number of messages.

But to speak and understand sentences, individuals must understand
the rules, or grammar, that underlies them. Creating and decoding sen-
tences, moreover, is complicated because the words in a sentence are not
simply joined together like links in a chain. Instead, they are grouped
into phrases and organized into a nested, hierarchical structure. Lin-
guists depict this phrase structure by means of a tree diagram, so called
because of its branching appearance. For example:
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SENTENCE
Verb Phrase
Noun Phrase Verb Noun Phrase
det adj noun verb det noun

The always reliable Ortiz won the game

Underlying phrase structure are rules governing the use of its compo-
nents. A noun phrase consists of an optional determiner (det), followed
by any number of adjectives, followed by a noun. A verb phrase consists
of a verb followed by a noun phrase. A sentence consists of a noun
phrase followed by a verb phrase. For present purposes—interested, as
we are, primarily in baboons—three features of this phrase structure are
important. First, as the linguist Steven Pinker points out, the elements
that make up the tree are modular. “A symbol like NP (noun phrase) is
like a connector or fitting of a certain shape. It allows one component
(a phrase) to snap into any of several positions inside other compo-
nents (large phrases). Once a kind of phrase is defined by a rule and
given its connector symbol, it never has to be defined again; the phrase
can be plugged in anywhere there is a corresponding socket” (Pinker
1994:98-100). A noun phrase is a noun phrase—and obeys the rules
that govern noun phrases—regardless of whether it comes at the start of
the sentence (the actor) or embedded in a verb phrase (the acted upon).

Second, tree structure diagrams demonstrate clearly how words de-
rive their meaning both from their link to objects in the world and
from the role they play in a particular grammatical structure. In the
sentence “Two cars were reported stolen by the police,” the phrase “by
the police” could be placed in either of two locations in the tree struc-
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ture: as part of the verb phrase beginning with “reported” or as part
of the verb phrase beginning with “stolen.” Where it goes affects the
sentence’s meaning (Pinker 1994:102). Furthermore, the component of
a word’s meaning that derives from its grammatical role can be sepa-
rated entirely from the component of its meaning that derives from its
link to the outside world. Chomsky’s famous sentence “Colorless green
ideas sleep furiously” makes grammatical sense and conveys mean-
ing—it is the ideas that are sleeping furiously—even though the events
it describes bear no relation to reality.

Third, the cognitive abilities that allow us to construct and decode
sentences are, to a great extent, innate properties of the human mind.
Many different sorts of data converge to support this conclusion. Chil-
dren learn their first language effortlessly and without explicit aware-
ness of the grammatical rules that underlie it. Indeed, long before they
can speak grammatical sentences, children can distinguish grammati-
cal from ungrammatical sentences spoken by adults. Language develop-
ment unfolds surprisingly quickly, in the second and third years of life,
following roughly the same order and timing regardless of the specific
language learned or the degree of parental involvement. Children born
blind and children born deaf who learn a sign language like ASL show
a pattern of language development that may be slightly delayed but is
similar in all important respects to language development in sighted
and hearing children. And children exposed at an early age to a system
of communication that lacks the formal properties of language—Ilike a
pidgin language, whether spoken or signed—spontaneously convert it
into a full-blown language without explicit instruction. Finally, there
are several sorts of genetic and neurological impairments that damage
a person’s language but leave his other cognitive abilities intact. Oth-
ers damage some aspect of cognition but have little effect on language
(Caplan 1992).

We have, it appears, a largely innate ability to take a string of sounds
(or a string of hand gestures, in the case of deaf people) and do two
things with astonishing speed: recognize the link between some sounds
and features of the world; and organize the sounds into phrases that
determine how they function in the sentence and what the sentence
means. For the most part, we perform these tasks both rapidly and un-
consciously, without being aware of what we are doing or how we do
it (Pinker 1994; Jackendoff 1994; for another view see Tomasello 2003,
2005).

The relatively innate, specialized sentence-processing mechanisms
found in human language raise two questions regarding baboon meta-
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physics. First, are there any things like sentences in the communication
systems of baboons, other primates, or indeed any nonhuman creatures?
The answer, as we will see, is essentially “no.” Second, if our ability to
parse sentences is unique in the animal kingdom, does this mean that
it evolved only recently, after the ancestral line leading to modern hu-
mans had diverged from the common ancestor of human and chimpan-
zee? Or are there circumstances in the lives of baboons or other primates
in which we can see the cognitive precursors of grammar? We discuss
these questions further in the next chapter, where we consider the evo-
lution of language.
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Precursors to Language

Plato says in Phaedo that our “necessary ideas” arise from the preexistence of
the soul, are not derivable from experience—read monkeys for preexistence.
CHARLES DARWIN, 1838: NOTEBOOK M

In the mid-19th century, while Darwin and his contem-
poraries were arguing about Locke’s and Kant’s views of
human metaphysics (see Chapter 1), an even more conten-
tious debate raged on the origin of language. Strong views
were expressed and scholars lost their composure. So acri-
monious were the “discussions” that in 1866 the Société
Linguistique de Paris banned all speculation on the topic.
The decision held, and had long-lasting international re-
percussions. According to one rumor, the Linguistic Society
of America considered a similar ban when it was founded
in 1924, but settled instead for a “gentleman’s agreement”
prohibiting papers devoted to the origins of language. No
paper on language evolution appeared in the society’s jour-
nal Language until the year 2000 (Newmeyer 2003).
Darwin believed that the course of evolution could be
revealed through the comparative method—by contrasting
similar traits in related species, examining their common
properties, measuring their differences, and searching for
branching points in the fossil record. When the trait in
question is language, the Darwinian approach might logi-
cally begin with a comparative study of human language
and nonhuman primate vocalizations. But this technique
has not proved very successful. The two sorts of commu-
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nication are so different that comparison between them reveals little
about their common ancestry. There is, however, another, more indi-
rect, approach—one that examines the evolution of language through
its links with cognition.

In humans, language and cognition are inextricably bound together.
Through language, we express our thoughts and reveal how we see the
world. Language thus offers a window into the mind, a view of mental
content. When we use language we perform some of the most com-
plicated mental gymnastics of which humans are capable. Language
therefore tells us something about how the mind works. Baboons’ cog-
nitive skills may be much more elaborate and flexible than their vocal-
izations, but we can still use their communication to understand the
content of their knowledge and how their minds work. This, after all, is
the rationale behind playback experiments.

The close links in both humans and baboons between communi-
cation and cognition raise the possibility that we can apply the com-
parative method not by contrasting baboon vocalizations directly with
language but instead by comparing the knowledge and thought that
underlie baboon communication with some of the cognitive operations
that are central to human language.

It is now well accepted that before a child can learn language she
must have some experience with the objects, events, and relations that
make up her world. As several linguists have put it, “If you couldn’t
pick pieces of meaning out of the world in advance, before you learned
a language, then language couldn’t be learnt” (Fisher and Gleitman
2002:447, quoting Chomsky 1982:119). The same argument appears in
theories of language evolution. Pinker and Bloom (1990:713), for exam-
ple, propose that “grammar exploited mechanisms originally used for ...
conceptualization,” and Newmeyer (1991:10) states that “the conditions
for the subsequent development of language ... were set by the evolution
of ... conceptual structure. A first step toward the evolution of this sys-
tem ... was undoubtedly the linking up of individual bits of conceptual
structure to individual vocalizations” (for similar views, see Jackendoff
1987, 2002; Kirby 1998; Newmeyer 2003; Hurford 1998, 2003).

The hypotheses that a certain kind of thinking appears before the
emergence of language in young children, and evolved before spoken
language in our hominid ancestors, are part of a broader intellectual
tradition that can be traced to Plato, who believed that one could not
acquire a concept that one could not antecedently entertain. More
recently, this view has been articulated in the philosopher Jerry Fodor’s
influential book, The Language of Thought (1975). Fodor proposed that

249



CHAPTER ELEVEN

human knowledge and reasoning are couched in a “language of thought”
that is distinct from external languages like English or Tsetswana. It
contains symbols that pertain to people, objects, events, and the catego-
ries to which they belong, and causal relations that govern how objects
behave in space and time and how people interact with one another.

The language of thought is distinguished from natural languages
because of at least two prominent cases in which thought occurs with-
out language. First, animals think, yet they have no language. Once we
reject the behaviorist view that mental activities are an “explanatory
fiction” and accept the proposition that animals possess information
about each other, objects, events, and the relations between them, we
commit ourselves to the existence of cognitive processes that are medi-
ated by representational systems other than natural languages (Fodor
1975:57). Second, it is now widely accepted that before they learn lan-
guage, human infants possess “core knowledge” that enormously aids
their first categorization of objects, properties, and events in the world
(Carey and Spelke 1996). As with animals, the central question then be-
comes how richly specified this private language (or “mentalese”) may
be, and how experience refines, enhances, and transforms it (Gleitman
and Papafragou 2005).

At the same time, the language of thought is called a language of
thought because it shares many properties with natural languages. Like
natural languages, it includes some mental representations that corre-
spond to objectsin the world and others that specify the relation between
these objects. Applied to humans, the language of thought hypothesis
assumes that people—even preverbal infants—have “propositional at-
titudes”: mental states with representational content. To have a certain
propositional attitude is to be in a specified relation to an internal rep-
resentation: to know, believe, or fear that something is the case (Fodor
1975; Stalnaker 1999). Both in the language of thought and in language,
propositional attitudes are encoded in the form “thinks that...,” “wants
that...,” and so on. The language of thought hypothesis helps explain
why children learn their first language so easily (in some respects, they
already have one), and why languages that differ in so many other ways
are nonetheless similar in their basic function (Chomsky 1975).

Applied to theories of language evolution, the language of thought
hypothesis predicts that knowledge of objects, events, and conceptual
and causal relations preceded language, and that language evolved later
as a means to express this knowledge (e.g., Jackendoff 2002:238). Obvi-
ously, we cannot test this view using modern humans, but we can ap-
proach the problem indirectly, as Darwin originally suggested, through
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the study of baboon metaphysics. That is what we propose to do in
this chapter.

But first let us be clear about our methods. Because we are testing
the language of thought hypothesis using modern-day baboons as our
subjects, it might at first appear that we are treating them as living repli-
cas of the 30-million-year-old common ancestor of monkeys, apes, and
humans. Clearly, this would be a mistake. Baboons, after all, have un-
dergone their own evolutionary changes in the years since they and we
diverged from our common ancestor. Fortunately, though, reconstruct-
ing the common ancestor is not our primary goal. Instead, we study
baboons in order to learn how evolution acts on the communication
and cognition of animals that live in large social groups. If we can find
general rules that specify how, in baboons, social complexity affects
cognition and cognition affects reproductive success, then these rules
might usefully be applied to research on the evolution of communica-
tion and cognition in many other species, including our own.

As we did in Chapter 10, in the sections below we draw some ex-
plicit comparisons between language and cognition in humans and
the communication and cognition of baboons. We hope it will be clear
that we are not arguing that baboons have a language, or that they are
capable of anything close to linguistic communication—indeed, we de-
vote as much time to the fundamental differences between baboons
and humans as to their similarities. Rather than trying to claim that
baboon communication is a lot like language, we propose the following
argument:

1. Baboon vocal communication—and, by extension, that of other primates—is
very different from human language. The differences are most pronounced in
call production.

2. Differences in production have been overemphasized, however, and have dis-
tracted attention from the information that primates acquire when they hear
vocalizations. In perception and cognition, continuities with language are more
apparent.

3. In primate groups, natural selection has favored individuals who can form mental
representations of other individuals, their relationships, and their motives.

4. This social knowledge constitutes a discrete, combinatorial system of repre-
sentations—a language of thought—that shares several features with human
language.

5. The language of thought that has evolved in baboons and other primates is a
general primate characteristic whose appearance predates the evolution of spo-
ken language in our hominid ancestors.
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6. The prior evolution of social cognition created individuals who were preadapted
to develop language.

7. Several features thought to be unique to language—for example, discrete combi-
natorics and the encoding of propositional information—were not introduced by
language. They arose, instead, because understanding social life and predicting
others’ behavior requires a particular style of thinking.

Our focus on the early, prelinguistic period of language evolution
means that we will not be discussing many features of modern languages
whose evolution is hotly debated—features like case, tense, subject-verb
agreement, open- and closed-class items, recursion, long-distance de-
pendency, subordinate clauses, the subjunctive, subjacency, and the
empty category principle. Nothing like these grammatical construc-
tions exists in the communication of any nonhuman primate, includ-
ing chimpanzees. They undoubtedly emerged during the later stages
of language evolution, long after the divergence of the human lineage
from the common ancestor of humans and chimpanzees.

So, rather than starting with modern language in all of its complex-
ity and working backward—or, as Jackendoff (2002) puts it, searching
within language for traces of its past—we begin instead with a system
of communication that is clearly not a language but nonetheless shares
some of its features. If we can show that at least some of the properties
found in language can also be found in the social intelligence of non-
human primates, we may gain a better idea of the cognitive founda-
tions on which language was built.

Finally, some linguists believe that there is a fundamental problem
in the application of evolutionary theory to language. For instance,
Jackendoff (1990:737) states, “All the characteristics of organisms that
have been examined for evidence of natural selection have been either
physical structures or patterns of behavior. ... Linguistic theory, how-
ever, is not [just] about behavior, but rather about the mental represen-
tations that help determine perception and behavior.” Here Jackendoff
seems to be arguing that language is not so much a system of communi-
cation, on which selection pressures might have acted, as it is a system
for mental representation and thought, where the role of evolutionary
pressures is more difficult to imagine (Knight et al. 2000; see also Jack-
endoff 2002).

There is no doubt that language functions as both a means of com-
munication and a tool for organizing and manipulating thoughts. But
this in itself does not make it different from many other complex be-
haviors, nor does it make language immune to evolutionary explana-
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tions. Whenever an animal can gain a selective advantage by perform-
ing a particular behavior, natural selection will simultaneously favor
both the behavior itself and whatever morphology, physiology, or cog-
nitive operations are needed to support it. If nutcrackers can gain an
evolutionary advantage by storing and recovering seeds from a huge
number of locations, selection will simultaneously favor seed-hiding
behavior, memory, and the neurophysiology to support it. And if the
ability to represent, organize, and classify other individuals’ relation-
ships enables baboons to perform the mental calculations necessary
for negotiating their social world, natural selection will favor what-
ever skills in communication, cognition, and neural machinery allow
them to do so.

Call production
Repertoire size, development, and learning

Like other monkeys and apes, baboons make use of a relatively small
number of calls. Depending on how one classifies call subtypes within a
graded continuum (for example, move and infant grunts), a reasonable
guess would be around 14 different vocalizations. In contrast, human
speakers with an average vocabulary normally use about 50,000 words.

Primate vocalizations also differ from human speech in their devel-
opment and in their flexibility during adulthood. It is well known that
human children can learn to produce any of the thousands of pho-
nemes used by Homo sapiens and thus can learn to speak any of the
world’s languages. Although human children are born predisposed to
learn language (Jackendoff 1994; Pinker 1994; Bloom 2004), the par-
ticular language they learn depends crucially upon experience: they
learn the language they hear. And language learning can be severely
disrupted by abnormalities in social development (Curtiss 1977). Fi-
nally, once a child has learned his first language, he continues to add
new words to his vocabulary throughout his life.

By contrast, vocal development in nonhuman primates seems rela-
tively unaffected by variations in auditory experience or rearing (Chap-
ter 10). This is not to say that the production of primate calls is entirely
reflexive. Instead, as we discussed in Chapter 10, primate call produc-
tion is both modifiable and innate. In any given context, individuals
can choose to call or remain silent, but if they do produce a call its
acoustic features are entirely predictable. Primates have a small reper-
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toire of calls, and each call type is tightly linked to a particular social
context. In these respects, primate vocal production is far less flexible
and innovative than human language.

Words and sentences

Other differences between language and nonhuman primate commu-
nication are equally fundamental. Unlike human words, which are
formed by combining smaller units (morphemes and phonemes) that
typically have no meaning of their own, most primate calls are holistic.
They cannot be broken down into their component parts, the way we
can break down the word walked into the verb root walk and the past
tense ending —ed. As a result, primates’ calls are their communication
system’s smallest meaningful units.

Primates’ calls are also, for the most part, their system’s largest mean-
ingful units. Unlike human speakers, who routinely combine words
into sentences according to grammatical rules that allow them to de-
scribe relations among events, monkeys and apes almost never string
different call types together in any rule-governed, structured way. A
female baboon may give a rapid succession of grunts as she approaches
a mother with infant, but she is not combining grunts in any linguistic
sense. She is just saying “Baby, baby, baby, baby, baby, baby” or “want,
want, want” over and over again. The number of repetitions may in-
form the mother that the female is intending to be extremely friendly
rather than merely condescending, but for the most part several grunts
convey the same message as one. No new meaning arises as a result of
their combination.

One of the few exceptions to this generalization comes from the
alarm calls of Campbell’s monkey (Cercopithecus campbelli), a species
that lives alongside Diana monkeys in the Tai forest of the Ivory Coast.
Like the male Diana monkeys described in Chapter 10, male Campbell’s
monkeys have two acoustically distinct alarm calls, one given to leop-
ards and another to crowned eagles (Zuberbuhler 2001). The alarm calls
also elicit qualitatively different responses, both from other Campbell’s
monkeys and from Diana monkeys, with whom the Campbell’s monkeys
often associate. But there is a further, intriguing wrinkle to this story.
When Campbell’s monkeys are faced with a stimulus that is slightly
alarming but not as serious as an actual predator—for instance, a falling
tree, a breaking branch, the far-off alarm calls of another group, or the
sound of a distant predator—they give a loud boom! vocalization, wait
about 30 seconds, and then give one of their alarm calls. These preced-
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ing booms seem to modify the meaning of the subsequent alarm call
because the same monkeys who respond strongly to a Campbell’s alarm
call when it is given on its own show little response to the same alarm
call when it is preceded by a boom (Zuberbuhler 2002). The sequence
“boom + alarm call” has a meaning that is different from the meaning
of either a boom or an alarm call on its own. The call combination, in
other words, carries a meaning that is more than the sum of its parts
(Zuberbuhler 2003, 200S; for another example see Arnold and Zuber-
buhler 2006).

Similarly, chimpanzees sometimes supplement their calls by drum-
ming their hands and feet against resonant tree buttresses (Mitani
1993; Arcadi et al. 2004). In the Ivory Coast, male chimpanzees produce
three acoustically different subtypes of barks: one when hunting, one
when they encounter snakes, and a third, more generic bark in a vari-
ety of different contexts. In two very limited contexts, when traveling
or encountering a neighboring group, the chimpanzees combine their
generic bark with drumming (Fig. 48) (Crockford and Boesch 2003).
This signal combination may convey information that is qualitatively
different from (and more specific than) the information conveyed by
either the bark or drumming alone, although this hypothesis has not
yet been tested experimentally.

Figure 48. A chimpanzee barks while drumming on a tree. Photograph by Roman Wittig and
Cathy Crockford.
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With these exceptions, however, primate speakers do not produce
rule-governed call combinations. As a result, they have no means of
marking different calls to designate their function in a call sequence
as nouns or verbs, or as actors, actions, and those who are acted upon.
Without this grammatical device, primates cannot describe a causal re-
lation between events, or express a proposition like “Sylvia is trying
to handle Martha’s infant, but Martha is running away,” or “Fat Tony
challenged Halliburton and was wounded.”

Because they do not create rule-governed call combinations, primate
speakers cannot express much more than what can be expressed by a
single vocalization. An infant grunt expresses a willingness to interact
in a friendly way, and a threat-grunt simultaneously expresses both ag-
gression (to the opponent) and a request for support (to potential allies).
The lack of syntax, moreover, lends ambiguity to call meaning. A male
baboon’s alarm wahoo, for instance, cannot really be described as a
command to action (“Run into the trees”) because not all baboons run
into trees upon hearing the call, and baboons already in trees will also
give this call if they see a lion. Nor is the call simply a noun (“Lion”
or “Carnivore”), because it consistently evokes a flight response from
at least some listeners. Instead, the baboon’s alarm wahoo seems best
described as a proposition: a single utterance or thought that simultane-
ously incorporates a subject and a predicate.

Baboon alarm calls, like those of other primates, are thus holistic
utterances, simultaneously both eventish and objectish because they
incorporate both reference to an object and a disposition to behave to-
ward that object in a particular way. But there is no evidence that an
alarm wahoo to a lion can be modified to elaborate upon the charac-
teristics of the lion in question. Through repetition and changes in am-
plitude, alarm calls may inform others of the immediacy of danger, but
they cannot specify whether a lion is big or small, sleeping or stalking,
or here today and gone tomorrow.

Call perception

Most of the features that make nonhuman primate communication so
strikingly different from human language concern vocal production.
Viewed from the speaker’s perspective, primate vocalizations and hu-
man speech could hardly be more different. The picture changes, how-
ever, when we turn to animals’ perception of calls and their assessment
of call meaning.
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Repertoire size, development, and learning

As we have already noted, baboons and other monkeys produce a small
repertoire of acoustically fixed, species-specific calls that are closely
tied to particular social contexts and change little during development
or adulthood. By contrast, when it comes to perception and compre-
hension monkeys have a much larger repertoire and display an almost
open-ended ability to learn new sound-meaning pairs throughout their
lives. They also require experience before they can use calls in the ap-
propriate context or respond appropriately to the calls of others.

Young vervet monkeys, for example, need several years before they
can give each of their alarm calls to the appropriate predator, and dur-
ing this period they exhibit the same sort of overgeneralization shown
by human infants as they learn the meaning of words (Cheney and
Seyfarth 1990). When vervet infants first start to give alarm calls, at
around six months of age, they give alarms to many species, like pigeons,
geese, and warthogs that pose no danger to them. But their mistakes are
not entirely random. Infant vervets give leopard alarms primarily to
large, terrestrial mammals, eagle alarms primarily to birds, and snake
alarms primarily to long, snakelike objects—Ilike the cables that run from
our playback speakers. With time and experience they narrow the range
of species that elicit alarm calls, giving leopard alarms only to mamma-
lian carnivores, eagle alarms only to martial and crowned eagles, and
snake alarms primarily to pythons. Vervet monkeys also require several
months’ experience before they begin to respond appropriately to other
group members’ alarm calls (Cheney and Seyfarth 1990).

In the cross-fostering experiments described in Chapter 10, we were
able to make a direct comparison between production and perception.
Whereas the cross-fostered juveniles continued to use their own spe-
cies’ calls in contexts where their peers produced another, their adop-
tive mothers and group-mates learned to recognize their calls. They be-
haved as if they were thinking, “There goes Jacquie again, gruffing when
she should be cooing. Oh well.” Perception and comprehension were
clearly more flexible than production (Seyfarth and Cheney 1997).

Finally, in their natural habitats vervets, baboons, and other primates
learn to recognize the alarm calls of other species like birds and ungu-
lates, even though these calls are acoustically very different from their
own (Cheney and Seyfarth 1985a; Hauser 1988). And throughout their
lives they must continually learn to identify the voices of individuals
who join their group or are born into it. Scientists who work with mon-
keys in laboratories often remark upon monkeys’ ability to learn the

257



CHAPTER ELEVEN

voices of new caretakers, or to associate a sound like the jangling of keys
or the beep of an electronic card-swiper with the imminent delivery
of food. Primates seem, in other words, to have an almost open-ended
ability to learn new sound-meaning pairs.

One of our acquaintances, Wayne Hansen, a farmer and wildlife con-
servationist in Namibia, had a pet baboon, Elvis, who acted as his assis-
tant car mechanic. While Wayne lay on his back under his Land Rover,
Elvis would sit near the toolbox, handing Wayne spanners, wrenches,
and fuel filters as Wayne requested them. Wayne reports that Elvis had
difficulty distinguishing “Number 10 spanner” from “Number 12 span-
ner.” This problem was easily solved by Wayne saying “No, the other
spanner,” whereupon Elvis would try again. But of course Elvis never
said “spanner” or “wrench” himself.

Like Elvis, subjects in the ape language projects have demonstrated
an impressive ability to learn the association between a sign or a word
and the object or event that it designates. Their production of signs,
however, has often lagged behind. The same is true of syntax. In many
of the ape language projects, subjects could be taught to comprehend
even quite complex sentences, such as “Put the pink bear into the bucket
and bring it here.” But in no case could the same animals produce such
a sentence (e.g., Terrace 1979; Savage-Rumbaugh 1986).

When it comes to repertoire size, development, and learning, there-
fore, the difference between production and perception is striking.
Where call production is concerned, nonhuman primate vocalizations
are strikingly different from language. In the realm of perception and
cognition, however, continuities are more apparent.

These generalizations apply with equal force to other mammals,
including especially dogs. Consider Rico, a border collie in Germany
(Fig. 49). Rico’s proud owner asserted that Rico had learned the words
for more than 200 different toys, stuffed animals, and balls. To deter-
mine whether this was really the case, Juliane Kaminski, Josep Call, and
Julia Fischer randomly grouped Rico’s toys into 20 sets of 10 items each.
While Rico waited with his owner in a separate room, the experiment-
ers arranged one set of items in another room elsewhere in the house.
Then they rejoined Rico and instructed the owner to ask Rico to bring
two randomly chosen items (one after the other) from the experimental
room. Rico retrieved a total of 37 out of 40 items correctly, suggesting
that his vocabulary size was comparable to that of language-trained
apes, dolphins, sea lions, and parrots (Kaminski et al. 2004).

Next the experimenters tested Rico’s ability to engage in “fast map-
ping,” the ability to learn a new word by a process of exclusion (Wilkin-
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Figure 49. The border collie Rico retrieves a toy. Photograph by Renate Ritzenhoff.

son et al. 1998). They placed a novel item together with seven familiar
items in the experimental room. They first asked Rico to bring them
one or two familiar items. They then said a word that Rico had never
heard before (say, bling) and asked Rico to retrieve it (“Fetch the bling”).
Rico retrieved the novel item even in the first session, and he was cor-
rect in seven of ten sessions thereafter. Apparently, he was able to infer
that the novel word was linked to the novel item based on a process of
elimination, or exclusion learning, a process previously thought to be
unique to human children. Four weeks after this initial and sole expo-
sure to these new items, Rico remembered the word-object associations
for the novel items (Kaminski et al. 2004).

Rico also used gaze and attention to guide word learning. In a subse-
quent experiment, Rico’s owner showed him two novel toys and said a
new word while staring at one of the toys. When Rico was then asked to
retrieve the named toy, he chose the toy that his owner had looked at, not
the one his owner had ignored (J. Fischer, personal communication). In
this respect, Rico’s behavior was somewhat like that of young children
at the earliest stage of word learning, who use inferences about the fo-
cus of a speaker’s attention to map words onto objects (Chapter 8).

Of course, Rico is a highly motivated dog, and some of his talent may
be accounted for by his domestication. Border collies are herders that
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have undergone generations of artificial selection favoring individuals
skilled at attending to the attention and communication of their human
trainers. Nonetheless, Rico’s skills in learning new words and amassing
a large vocabulary illustrate several important points.

First, many animals besides primates have an almost open-ended
ability to form associations between a sound (or sign) and an object.
They seem to understand the principle that sounds can designate ob-
jects. Second, most of these species can probably learn by fast mapping
and exclusion and, after just a few exposures, retain the information
they have acquired for several weeks if not years (for similar data on sea
lions, see Schusterman et al. 2002). Of course, word learning in dogs,
baboons, sea lions, and other species is not identical to word learning in
human children, who learn many thousands of words without explicit
training or reinforcement, and whose mind-reading skills rapidly out-
strip other animals’ (Markman and Abelev 2004; Fischer et al. 2004b).
Finally, data from Rico and many other species highlight again the dif-
ferences between production and perception. Dogs, baboons, sea lions,
and chimpanzees have an almost open-ended ability to learn new
sound-meaning pairs, but they are highly constrained in their ability
to produce new vocalizations. Rico’s skills in word retrieval, Ahla’s tal-
ent in recognizing the bleats of individual goats, and wild baboons’
ability to recognize the voices of 80 or more different individuals are
all impressive, but how much more impressed would we be if Rico had
200 different barks, Ahla could speak the names of 50 different goats,
or baboons had different grunts for each member of their group?

Call meaning

The same generalizations hold when we consider the cognitive opera-
tions that underlie baboons’ assessment of the meaning of single vo-
calizations. Again, consider alarm calls. When it comes to production,
these are classic primate vocalizations: acoustically invariant, rela-
tively unaffected by learning, and tightly linked to specific contexts.
When it comes to perception and cognition, the picture is much more
complicated.

Recall from Chapter 10 that Diana monkeys associate three acousti-
cally different sounds with a leopard: a leopard’s growl, a male Diana
monkey’s leopard alarm call, and a female Diana monkey’s leopard
alarm call (remember that males’ and females’ alarm calls sound very
different). In a similar manner, they associate three acoustically differ-
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ent sounds with a crowned eagle: an eagle’s shriek, a male Diana mon-
key’s eagle alarm call, and a female Diana monkey’s eagle alarm call.
The call-meaning relationship in the listener’s mind is interesting in
several respects.

First, it constitutes an arbitrary association between a sound and the
thing for which it stands. There is nothing about the sound of a mon-
key’s leopard alarm call that sounds like a leopard, and nothing about
the sound of a monkey’s eagle alarm that would obviously link it to an
eagle. In much the same way, there is nothing in the acoustic details of
baboons’ infant and move grunts that would help a listener learn that
one is given to infants (or in reconciliation) while another is given to
announce a group move.

Second, in the Diana monkey’s mind each call’s meaning is defined
not just by its relation to an object in the world but also by its relation to
other calls in the monkey’s repertoire. A male’s leopard alarm is similar
in meaning to a leopard’s growl and a female’s leopard alarm, but dif-
ferent in meaning from all of three eagle-associated calls. In the mon-
key’s mind there exists a kind of “semantic space” in which the three
leopard-associated sounds are closely linked in one cluster, whereas the
three eagle-associated sounds are closely linked in another.

This leads to a third conclusion, that primate calls are acoustic units
linked to particular concepts. When a Diana monkey hears a male’s
leopard alarm she appears to form a mental representation of the call’s
meaning. Then, when she hears a leopard’s growl coming from the
same location shortly thereafter, she forms a second representation and
compares the two calls on the basis of their meaning. Her response to
the growl is based on this assessment. The female, in other words, has
a concept—a kind of mental image—of a leopard. The concept can be
activated by any one of three quite different sounds that are linked to-
gether based on their shared meaning (see, e.g., Cohen et al. 2006). The
concept is also amodal or multimodal, involving a combination of vi-
sual and auditory information (Gil da Costa et al. 2004; Ghazanfar et al.
2005).

As another example, consider the phenomenon of individual rec-
ognition by voice, which has been amply demonstrated in many spe-
cies and underlies many of our playback experiments. Baboons clearly
recognize an individual like Sylvia from her voice alone, regardless of
whether she is giving a grunt, a contact bark, or a threat-grunt, and
regardless of whether she is grunting loudly or softly, or vocalizing in a
calm or agitated manner (Fig. 50). Despite wide variation in the acoustic
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Figure 50. Sylvia in her 23rd year. Photograph by Anne Engh.

cues that mark a call as Sylvia’s, and the fact that the calls of one indi-
vidual may grade acoustically into the calls of another, listeners still
link each call with a unique individual in a discrete, categorical fash-
ion. Individual recognition occurs in so many contexts, with so many
vocalizations, that it is hard to escape the impression that listeners have
a mental representation, or concept, of Sylvia as an individual. If mon-
keys were human, we would call this a concept of person.

In sum, whereas call production in primates is relatively fixed, the
cognitive mechanisms that underlie call perception are considerably
more complex. Underlying primates’ assessment of call meaning is a
rich conceptual structure in which calls are linked both to objects and
relations in the world and to other calls in the species’ repertoire. When
responding to calls, monkeys act as if they recognize individuals and
have concepts like leopard, eagle, close associate, and so on. The contrast
between impoverished production and rich, conceptually based percep-
tion argues strongly against the view that a concept cannot be acquired
unless it is instantiated in one’s language (reviewed by Gleitman and
Papafragou 2005). Monkeys and apes have many concepts for which
they have no words.
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Communication and the theory of mind

The discontinuities between production and perception result in an
oddly unbalanced form of communication: monkeys (and other ani-
mals) can learn many sound-meaning pairs but cannot produce new
words, and they understand conceptual relations but cannot attach
labels to them (Cheney and Seyfarth 1998). At the same time, it is cru-
cial to remember that listeners are also signalers. It seems unlikely that
qualitatively different neural and cognitive mechanisms would under-
lie a baboon’s behavior when he hears another’s alarm call and, seconds
later, when he gives an alarm call of his own—or, more often, when he
hears an alarm call, sees the lion, and remains silent.

But if this assumption is true, it only makes the dichotomy between
call production and call perception even more puzzling. Why should
an animal that can learn to associate hundreds of sounds and symbols
with objects and events find it so difficult to produce novel calls or
create novel call combinations? To answer this question it is useful to
contrast word learning in animals with word learning in very young
children.

As we discussed in Chapter 8, children actively attend to the speak-
er’s gaze and focus of attention when inferring the referent for a novel
word (Baldwin 1993). If a person is looking at a cup when she says
“Blicket,” the child will assume that the name for the cup is blicket. Al-
though there are precursors to these abilities in the social interactions
and communication of monkeys and apes, they remain rudimentary
(Chapter 8). Baboons recognize when calls are being directed at them
and they may have some understanding of other individuals’ inten-
tions, but unlike children they do not seem to recognize that gaze and
intention can be informative. And while monkeys and other animals
can learn the relation between hundreds of words (or signs) and objects,
the mechanisms underlying word acquisition seem to be based on as-
sociative contingencies and exclusion learning rather than mental state
reasoning.

Similarly, when it comes to production, monkeys’ vocalizations
seem designed to influence other individuals’ behavior rather than (as
in children) to affect their attention or knowledge. Although monkeys
vary their calling rates depending upon the presence and composition
of their audience, they do not act deliberately to inform ignorant indi-
viduals, nor do they attempt to correct or rectify false beliefs in others
or instruct others in the correct usage or response to calls.
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A rudimentary theory of mind, therefore, is fundamental to word
learning. The extremely rapid pace of word learning in very young chil-
dren depends on their ability to recognize that when a parent uses a
new word in the presence of a novel object, she intends to use the word
as a label for the object. Without this ability, the rapid word learning
that is essential for a large vocabulary simply cannot evolve, and vocal
production is sharply constrained.

The failure of monkeys and perhaps also apes to recognize the men-
tal mechanisms that underlie communication may also partially ex-
plain the absence of syntax in their vocalizations. As we have discussed,
at least some of the sounds produced by monkeys are functionally ref-
erential. Because they lack syntactic properties, however, their exact
meaning is imprecise. Furthermore, baboons and other monkeys can-
not elaborate upon the information contained in an alarm call. They
cannot specify, for example, where a lion is, what it is doing, or when it
was seen.

The lack of syntax in nonhuman primate vocalizations cannot be
traced to an inability to recognize argument structure—to understand
that an event can be described as a sequence in which an agent per-
forms some action on an object. Baboons clearly understand the dif-
ference between Sylvia threatens Hannah and Hannah threatens Sylvia.
Nor does the lack of syntax arise because of an inability to mentally
represent descriptive modifiers (a big leopard as opposed to a small one)
and prepositions that specify locations (a leopard in a tree as opposed
to one under the tree). Captive dolphins (Herman et al. 1993a), sea lions
(Schusterman and Krieger 1986), and African gray parrots (Pepperberg
1992) can be taught to understand and in some cases even to produce
modifiers. In their natural behavior, therefore, nonhuman primates and
other animals certainly act as if they are capable of thinking, as it were,
in sentences. But the ability to think in sentences does not lead them to
speak in sentences—in our view, because their lack of a theory of mind
causes them not to understand what others might need to know. Be-
cause monkeys cannot distinguish between what they know and what
others know, they fail to recognize that ignorant individuals must have
events explained to them. As a result, even though they may mentally
tag events as argument structures (who does what to whom), they fail
to map these tags onto a communicative system in any stable or predict-
able way.

To summarize, the communication of nonhuman animals lacks
three features that are abundantly present in the utterances of young
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children: a rudimentary ability to attribute mental states different from
their own to others, the ability to generate new words, and syntax. We
suggest that the absence of all three features is not accidental, and that
the lack of one (a theory of mind) may explain the lack of the others
(new words and syntax). Because they cannot attribute mental states
like ignorance to one another and are unaware of the causal relation
between behavior and beliefs, monkeys and perhaps also apes do not
actively seek to explain or elaborate upon their thoughts. As a result,
they are largely incapable of inventing new words and of recognizing
when thoughts should be articulated. They do not understand the need
to specify whether a leopard is in a tree or on the ground, nor do they
comment about things in their absence (“Do you remember the flea bag
that ate my mother? Well, I saw it again yesterday”). Instead, monkeys’
calls reflect the knowledge the signaler has rather than the knowledge
the signaler intends his audience to acquire.

A thoughtful reader may object to at least several parts of this pro-
posal. What do we mean by stating that a rudimentary theory of mind
is essential to word learning and production? After all, birds learn songs,
but few would argue that song learning in birds is linked to a theory
of mind. But the vocabularies of humans are more open-ended, more
context-independent, and more functionally eclectic than the songs
of birds. New sounds can be assigned to almost any object, event, or
descriptor. Equally important, the adoption of new words within the
community is rapid and reciprocal. Even very young children appear
to have some tacit recognition of the relationship between comprehen-
sion and production. As a result, they understand that they can use a
newly acquired word to influence another’s behavior or attention. Simi-
lar capacities have yet to be demonstrated in the natural communica-
tion of any nonhuman animal.

Call combinations and the recognition of causality

Although the call sequences that monkeys produce are not structured
and rule-governed, monkeys’ perception of them is. Baboons hear dif-
ferent calls in combination all the time, and their assessment of them
appears to rely heavily on rule-based expectations. Consider baboons’
responses to call sequences mimicking a rank reversal (Chapter 6).
Recall that in these experiments subjects heard the grunts of a low-
ranking female (say, eight-ranking Shashe) combined with the fear
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barks of a higher-ranking female (say, third-ranking Beth). In the con-
trol sequence the anomalous sequence was maintained, but the grunts
of a third female (say, alpha female Stroppy) who ranked higher than
Beth were added. Subjects responded significantly more strongly to the
sequences that appeared to violate the dominance hierarchy than to
the control sequence.

Results like these suggest that, when baboons hear a sequence of
calls, they associate each call with a particular individual, and each
individual with a particular behavior and motivation. They also associ-
ate each call type with specific rules of delivery and evaluate its use in
the current case in light of the callers’ relationships. Listeners recog-
nize, for example, that it is Shashe who is grunting, and that the grunt
means that Shashe wants to interact in a friendly way with someone.
They also recognize the fear barks as Beth’s, and assume that Beth is
nervous because she is interacting with a more dominant female. Most
importantly, listeners recognize a causal relation between the calls. The
pairing of Shashe’s grunts with Beth'’s fear barks constitutes a violation
of expectations only if listeners assume that Shashe is the one who is
causing Beth to give fear barks.

Once we accept the notion of causality, it becomes clear that these
simple sequences are similar in at least one respect to the words in a
sentence: they are compositional. The individual calls preserve their
meaning but the sequence as a whole conveys a meaning that is greater
than the sum of its parts. Shashe’s grunts retain their own meaning, as
do Beth’s fear barks. But taken together the two calls becomes a narra-
tive about who is doing what to whom.

It also appears that in the control trial (Shashe and Stroppy both
grunt and Beth fear barks) listeners are engaged in a simple form of
parsing, sorting the three calls into their constituent groups in order
to determine the meaning of the entire sequence. Steven Pinker (1994)
illustrates the importance of parsing with the ambiguous sentence On
tonight’s program Dr. Ruth will discuss sex with Dick Cavett. The sentence
is ambiguous because its constituent bracketing could be either [discuss]
[sex] [with Dick Cavett] or [discuss] [sex with Dick Cavett].

In a simpler manner, the meaning of the control sequence is also am-
biguous. Are Beth’s fear barks caused by Shashe’s or Stroppy’s grunts?
The sequence itself provides no clues about which causal relation is
more important (Fig. 51). But listeners consistently responded as if their
constituent bracketing included the causal relation [Stroppy’s grunt -
Beth'’s fear bark] rather than the causal relation [Shashe’s grunt - Beth’s
fear bark], because subjects acted as if the sequence did not violate their
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Figure 51. Lizzie listens to another female’s grunt as her sister Lissa grooms her. How do ba-
boons determine the causal factors that underlie each others’ vocalizations? Photograph by
Keena Seyfarth.

expectations. Upon hearing a series of calls whose meaning was am-
biguous, therefore, subjects acted as if they had resolved the ambiguity
in their minds by dividing the sequence into its constituent parts.

Finally, we take it for granted that humans interpret sentences in
light of information we already possess about people and the world. The
external knowledge we bring to the table when interpreting a sentence
comes from our past experiences and our knowledge of how the world
works. To appreciate the ambiguity of the sentence quoted above, it
helps to know that Dr. Ruth is an advisor on topics related to sex, that
Dick Cavett is (or was) a TV talk show host, and that while it is com-
mon to talk in public about sex in general, it is generally considered
inappropriate to have public discussions about sex with a particular
person.

In a similar manner, baboons display their knowledge and expecta-
tion about the world when they listen to call sequences. In the rank
reversal experiments, listeners recognized individuals, assessed their
motives and behavior, and evaluated the entire call sequence in light
of what they knew about the dominance hierarchy in their group. Of
course, none of these call sequences was produced by a single individ-
ual. In their manner of production, they could hardly be more different
from language. Nonetheless, baboon listeners interpreted the meaning
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of a sequence of vocalizations in ways that are quite reminiscent of the
cognitive operations that underlie human sentence processing.

The syntax of social knowledge

The vocalizations of monkeys clearly lack any properties that we would
be tempted to call syntactic. Nevertheless, their social knowledge, their
assessment of call meaning, and their parsing of call sequences display
a number of syntactic properties.

First, knowledge is representational. When a monkey hears a vocaliza-
tion she acquires information that is highly specific—about a particular
sort of predator, or about a particular individual, her motivation to in-
teract in specific ways with another, or the other animal’s reaction.

Second, social knowledge is based on properties that have discrete val-
ues (Worden 1988). Sylvia is recognized as a high-ranking female mem-
ber of the Selo matriline. Balo is also female, but she is low-ranking and
a member of a different matriline. A move grunt is recognized as one
call, associated with a particular motivation; an infant grunt is, in the
information it conveys, a different signal.

Third, animals combine these discrete-valued traits to create a repre-
sentation of social relations that is hierarchically structured. Baboons, for
example, create a nested hierarchy in which others are placed in a linear
rank order and simultaneously grouped according to matrilineal kin-
ship in a manner that preserves ranks both within and across families
(Chapter 6).

Fourth, social knowledge is rule-governed and open-ended. Baboons
recognize that vocalizations follow certain rules of directionality that
must, for instance, correspond to the current dominance hierarchy.
Threat-grunts are given only by dominant animals to subordinates,
fear barks are given only by subordinates to dominants, but infant and
move grunts can be given in either direction. Knowledge is open-ended
because new individuals can be added or eliminated without altering
the underlying structure, and because the set of all possible interactions
is very large (Worden 1998; Seyfarth and Cheney 2003). Taken together,
the rule-governed and open-ended properties of primate social knowl-
edge lead to a cognitive system that allows animals to comprehend a
huge number of messages from a finite number of signals. If a baboon
understands that Sylvia threat-grunts and Hannah screams carries a differ-
ent meaning from Hannah threat-grunts and Sylvia screams, she can make
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the same judgment for all possible pairs of individuals in the group,
including any new individuals who may join.

Fifth, knowledge is propositional. Baboons evaluate the meaning of
call sequences in terms of other individuals’ identities and motives and
the causal relations that link one individual’s behavior with another.
That is, they represent in their minds (albeit in a limited way) the indi-
viduated concepts of “Sylvia,” “Hannah,” “threat-grunt,” and “scream,”
and they combine these concepts to create a mental representation of
one individual’s intentions toward another. In so doing, they interpret a
stream of sounds as a dramatic narrative: “Sylvia is threatening Hannah
and causing her to scream.”

Sixth, knowledge is independent of sensory modality. While playback
experiments allow us to explore the structure of primates’ social knowl-
edge and demonstrate that such knowledge can be acquired through
vocalizations alone, social knowledge is also obtained visually. Indeed,
we now know that at the neurophysiological level visual and auditory
information are integrated to form a multimodal representation of call
meaning (Ghazanfar and Logothetis 2003; Gil da Costa et al. 2004;
Ghazanfar et al. 2005).

These properties of nonhuman primates’ social knowledge, while
by no means fully human, bear important resemblances to the mean-
ings we express in language, which are built up by combining dis-
crete-valued entities in a structured, hierarchical, rule-governed, and
open-ended manner. This leads to the hypothesis that the internal rep-
resentations of language meaning in the human brain initially built
upon our prelinguistic ancestors’ knowledge of social relations (Cheney
and Seyfarth 1998; Worden 1998). Indeed, as Worden (1998:156) argues,
“no other candidate meaning structure has such a good fit to language
meanings.”

We are not suggesting that all of the syntactic properties found in
language are present in primate social knowledge. Such a claim would be
entirely unjustified, given the many features of language (syntactic fea-
tures in particular) that have no counterpart in the communication or
cognition of any nonhuman primate and that almost certainly evolved
long after the divergence of the hominid line from the common ances-
tors of humans and chimpanzees (for recent discussions, see Jackend-
off 1999; Calvin and Bickerton 2000; Hauser et al. 2002; Burling 2005;
Johansson 2005). Instead, focusing on the early, prelinguistic stages
of language evolution, we suggest that the precursor of the hominoid
mind evolved in an environment characterized by social challenges and
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that such competition created selective pressures favoring structured,
hierarchical, rule-governed intelligence. Because this social intelligence
shares several features with language, many of the rules and computa-
tions found in human language may have first appeared as an elabora-
tion of the rules and computations underlying social interactions.

Natural selection, social knowledge, and
the cognitive precursors to language

We can now restate the social intelligence hypothesis as it applies to the
cognitive precursors of language. In doing so, we assume that the gener-
alizations we have drawn concerning the evolution of communication
and cognition in baboons also apply to other monkeys and apes, per-
haps to many group-living birds and mammals, and to the prelinguistic
ancestors of modern humans.

In groups of long-lived, highly social animals, communication and
cognition are linked to fitness. To survive, avoid stress, reproduce, and
raise offspring who are themselves successful, individuals need both a
system of communication that allows them to influence other animals’
behavior and a system of mental representations that allows them to
recognize and understand other animals’ relationships. Because these
mental representations concern animate creatures and are designed
to predict behavior, they include information (if rudimentary) about
other individuals’ mental states, and about the causal relations between
one social event and another. The demands of social life have thus led
to the evolution of animals who represent their world not just as a col-
lection of different individuals but as a collection of actors, each one
of whom is predisposed to behave in certain ways toward each of her
possible partners according to a number of (usually) predictable rules.
Evolution has produced individuals who have propositional attitudes
encoded in a language of thought.

The language of thought in our prelinguistic ancestors was adaptive
in its own right. Perhaps more important, selection favoring a language
of thought created individuals who, despite their limited vocal reper-
toires, were preadapted to developing language itself—preadapted be-
cause they already possessed many of the cognitive skills required for
the understanding of words and sentences.

The hypothesis that social cognition acted as an initial prime mover
in the evolution of language is not just another “just so story.” To the
contrary, it proposes an evolutionary scenario in which several of the
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cognitive precursors to language are directly linked to fitness. To sur-
vive and reproduce, primates (and perhaps other animals) must have
a representation of sound-meaning relations that is based on a rich
conceptual structure, and a representation of social relations that is dis-
cretely coded, combinatorial, hierarchically structured, rule-governed,
and propositional. These skills are directly linked to reproductive suc-
cess in baboons (see Chapter 5), and it seems reasonable to assume that
they were also correlated with fitness in our prelinguistic ancestors.

The social origins hypothesis adds a slightly new wrinkle to theo-
ries of language evolution because it proposes that the precursors to
language in the cognitive abilities of our prelinguistic ancestors had a
grammatical flavor to them. In a widely cited hypothesis, Derek Bicker-
ton has proposed that language evolved in two stages: first “proto-lan-
guage” and then modern language (1990; Calvin and Bickerton 2000).
Bickerton’s model of proto-language is drawn from four sources: pid-
gin languages (Bickerton 1981), the language of individuals who have
been isolated from adults during childhood (Curtiss 1977), children’s
language at the one-word stage; and the signing of captive apes (e.g.,
Savage-Rumbaugh 1986). In essence, proto-language is language with-
out syntax (Jackendoff 1999, 2002). By contrast, the social origins hy-
pothesis suggests that some of the cognitive operations that underlie
modern syntax were among the earliest precursors of language. Specifi-
cally, before language appeared, natural selection favored individuals
who, upon hearing a sequence of calls, could combine several discrete,
meaningful elements in a rule-governed manner to create a complex,
propositional representation of events. In Bickerton’s hypothesis, proto-
language is grammatically impoverished, making it difficult to imagine
a gradual transition from proto-language to language. The social origins
hypothesis may in some respects help to alleviate this problem.

The social origins hypothesis also makes chronological sense. If we
assume that social complexity favored increasingly sophisticated cogni-
tive abilities, we can imagine how these skills might have created an en-
vironment in which natural selection favored more flexible articulation,
a full-blown theory of mind, the ability to generate new words, and the
ability to create sentences. By contrast, it is difficult to imagine how—or
why—these uniquely human skills would have evolved if humans had
not first possessed the conceptual capacity that made them adaptive.

Indeed, if one accepts the striking parallels between social cognition
and the mechanisms that encode meaning in language, and agrees that
the former is a generalized primate trait while the latter are unique to hu-
mans, it is hard to imagine that the earliest forms of human syntax did
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not build upon these preexisting cognitive skills. Before hominids pro-
duced syntactic utterances, they assigned meaning to other individuals’
calls and extracted syntactic, rule-governed, propositional information
from the vocal interactions of others. Language-like perception and cog-
nition thus preceded and set the stage for language-like production.

First thought, then language

We conclude, then, that long before our ancestors spoke in sentences
they had a language of thought in which they represented the world—
and the meaning of call sequences—in terms of actors, actions, and
those who are acted upon. Long before they could engage in the com-
putations that underlie modern grammar they performed the compu-
tations needed to understand their societies. As a result, the discrete,
compositional structure we find in spoken language did not first appear
there. It arose, instead, because understanding social life and predict-
ing others’ behavior requires discrete, compositional thinking. And
the propositions that are expressed in language did not originate with
language. They arose, instead, because to succeed in a social group of
monkeys or apes one must understand an elementary form of proposi-
tional relations. The linguistic revolution occurred when we began to
express this tacit knowledge, and to use our cognitive skills in speaking
as well as listening. The earliest syntactic utterances, however, were not
entirely original. They described relations that their speakers already
understood and had a formal structure that grew out of their speakers’
knowledge of social relationships.
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Baboon Metaphysics

We can thus trace causation of thought ... it obeys the same laws as other parts
of structure. CHARLES DARWIN, 1838: NOTEBOOK M

In nature, there is no representation without evolution, and perhaps there
is no evolution beyond a certain point without the capacity to represent the
world. PHILLIP JOHNSON-LAIRD, 1983: MENTAL MODES

Darwin’s goal was to link metaphysics with survival and
reproduction. Baboons allow us to do this. Like the beak of
a finch, the mind of a baboon has been shaped by natural
selection—in the baboon’s case, by natural selection act-
ing in a social environment.

Baboons live in a society where reproductive success de-
pends on social skills. To survive and reproduce, a male
must live a long life, maintain high dominance rank, es-
tablish close (albeit temporary) bonds with females, and
protect the infants he has fathered. Among males, longev-
ity and lifetime rank appear to be the best predictors of re-
productive success (Alberts et al. 2003), and fundamental
to a male’s lifetime rank is his ability to deal with other
males. During their lives, males experience the greatest
stress from predation and challenges to their status.

To achieve the same goals, a female must live a long life,
raise healthy infants, protect them from infanticide, and
maintain an extensive network of related and unrelated
companions. Among females, longevity and infant sur-
vival are the best predictors of reproductive success, and

273



CHAPTER TWELVE

the best predictor of infant survival is the extent of a female’s social
integration (Silk et al. 2003). During their lives, females experience the
greatest stress from predation, especially when it involves the loss of a
close companion, challenges to their infants from infanticidal males,
and challenges to their family’s status. When faced with the loss of a
close companion, a female can alleviate stress by broadening and ex-
tending her social network; when her infant is threatened with infanti-
cide she can alleviate stress through friendship with an adult male; and
when confronted with a challenge to her family’s dominance rank she
can maintain her status through close bonds with kin (Beehner et al.
2005; Engh et al. 2006a,b).

Natural selection has favored in baboons (and, by extension, other
monkeys) a mind that is specialized for observing social life, computing
social relations, and predicting other animals’ behavior. The brains of
monkeys contain areas that are particularly sensitive to other individu-
als’ orientations, movements, gaze direction, and intentions (Chapters
6 and 8). Their communication is equally specialized. When a female
baboon hears another female’s vocalization, she does not just hear a
sound. She perceives a signal that evokes a representation of the caller,
what she is doing, her rank and family membership. Baboons seem
compelled to respond this way. Just as we cannot hear a word with-
out thinking about its meaning, so baboons cannot hear a vocaliza-
tion without thinking about the animal who is calling and the events
the call describes. And they cannot hear an exchange of vocalizations
between Sylvia and Hannah without thinking about these animals’
identities, ranks, and family membership, about their relationship, and
about its place in the social order. When baboons hear Sylvia, Hannah,
or any other animals interacting, they respond instantly and, as far as
we can tell, unconsciously. They have a social mind that is innately
computational and judgmental.

But while the tendency to make social judgments and form a repre-
sentation of call meaning may be innate, the content of these represen-
tations changes all the time. Baboons are always monitoring each other
and keeping track of who is consorting with whom, who has fallen
in rank, who is moving up, and which families are feuding with each
other. Within hours of any societal change, they incorporate this new
information into their expectations. They have an innately representa-
tional mind that is always open to new information.

Although we know much less about baboons’ (and other primates’)
knowledge outside the social domain, there are at least two reasons to
suspect that social life has had the most profound influence in making
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their minds different from the minds of other animals. First, social pres-
sures are pervasive. It is obviously crucial that baboons have extensive
knowledge of their home range, the spatial and temporal distribution of
trees and other plants, and the behavior of predators. These challenges,
however, are inextricably bound up in social life. To find her way about,
select the right food, and avoid predation, a young baboon must ob-
serve and learn from others. Once she has done so, she must somehow
deal with the fact that they, too, want to eat the same food and avoid
the same predators. For gregarious animals, ecological challenges have
social dimensions.

Second, social pressures are more dynamic than those faced outside
the social domain. Once a baboon has mastered her environment, the
job is pretty much done—or at least done as well as it can be. Master-
ing the problems posed by another baboon is quite a different thing,
because once you think you understand Sylvia and can predict what
she will do next, she changes her behavior—perhaps, perversely, in
response to your own behavior. Ecological changes occur slowly, over
weeks, months, and years. But social changes occur constantly, rapidly,
and unpredictably. And an animal’s response to these changes will pro-
voke further changes in others, which will elicit responses, and so on
throughout the individual’s life in a never-ending, reinforcing spiral.

The social world is inherently dynamic. By contrast, the physical
world—at least for baboons—is comparatively static. Unlike humans,
baboons do not look at their environment and ask “How can I change
it?” They do not wonder about how they could make food more acces-
sible, easier to process, or more frequently available. If they catch a baby
impala they will eat it, but they never think about how they might de-
vise a trap or a new hunting technique that would make catching an
impala easier or more predictable. They lack the insight to imagine a
different world.

Although their minds have been overwhelmingly shaped by social
life, baboons have only a limited ability to recognize the mental states of
others. Though they have at least a rudimentary recognition of other in-
dividuals’ intentions and motives, they seem oblivious to others’ knowl-
edge and beliefs. As a result, whereas they make relatively complex infer-
ences about the target of other individuals’ calls and other individuals’
motivations toward themselves, they do not go out of their way to in-
form others about what they know, even when the others lack crucial
information. Baboons extract rich causal narratives from other animals’
calls, but these narratives remain private. Unlike humans and even very
young children, they feel no urge to gossip or share information.
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Monkeys’ access to their own thoughts is similarly limited. Although
they appear to monitor their knowledge in some limited ways, they
seem incapable of the sort of “what if” introspection that permits de-
liberate planning and the weighing of alternative strategies. And in the
absence of introspection and mental time traveling, it is hard to imag-
ine how any species could ever develop extensive tool use or culture. Ba-
boons’ social intelligence is impressive, but they live largely in the pres-
ent tense. (By contrast, if you google “what if,” you will receive over 150
million hits—an indication, perhaps, of too much of a good thing).

Equally striking is the difference in baboons’ communication be-
tween comprehension and production. Baboons—Ilike dogs, chimpan-
zees, and many other species—understand much more than they can
say. Their language of thought is impressive; their ability to articulate
their thoughts much less so.

These omissions lead to at least one general conclusion about the
evolution of mind, communication, and society in animals. Baboons
teach us that it is possible to have a complex society based on cogni-
tive processes that are both computational and representational with-
out either language or a theory of mind. Concepts (of a sort) can exist
without words; computation can occur without grammar. Along with
many other species of animals, baboons provide us with a natural ex-
periment that allows us to ask “What is thought—what can it possibly
be—without language and a theory of mind”?

As Darwin hoped it would, the study of baboon metaphysics may
help us understand the evolution of thought, communication, and lan-
guage in humans and other species. We can now put his comparative
method to the test and begin to trace the causation of thought.

Comparing baboons and nonprimate species

How do baboons differ from nonprimate species? At this stage in our
work, the simple answer is: we're not sure. Many birds and mammals,
particularly those living in large social groups, have a repertoire of calls
that they use to manipulate other individuals’ behavior and a language
of thought that allows them to recognize and predict social events. We
now know that many birds and nonprimate mammals recognize each
other’s dominance ranks. Some may also recognize other individuals’
social relationships. In the laboratory, parrots, dogs, sea lions, and dol-
phins have also learned to associate arbitrary sounds with objects and
actions, as if they have a rudimentary understanding of the function of
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nouns, modifiers, and verbs. They have the necessary mental architec-
ture because their social and physical environment forces them to rep-
resent the world in terms of “nouns” (other group members, predators,
food), “modifiers” (the ripeness of fruit, the size of prey), and “verbs”
(what is happening). By many measures there are few cognitive differ-
ences between monkeys and other animals.

Baboons (and, by extension, other monkeys) may differ from other
animal species in a few, though as yet untested, respects (Chapter 7).
They may be superior at classifying individuals along multiple, hierar-
chical dimensions and at placing them in overlapping categories. Their
causal inferences in the social domain may also be more indirect and
complex. Similarly, whereas other animals predict their companions’
behavior on the basis of learned contingencies, baboons may do so ad-
ditionally by attributing motives and intent. But these differences, if
they exist at all, may not represent a startling, quantum leap in cogni-
tion. Baboons have an elaborate society and sophisticated social intel-
ligence, but so may many other birds and mammals.

The differences between baboons and other species may lie not so
much in their innate tendency to acquire social knowledge as in the
particular details of the knowledge they acquire. Baboon society is
organized around a linear rank order of matrilineal families. As a result,
the computations that underlie their social knowledge are based largely
on kinship and rank, and the picture that emerges in a baboon’s mind
can be diagrammed as a branching, hierarchical tree. Within a baboon
group, some relationships are enduring, others temporary. Some are
marked by close spatial proximity, others are not. Some relationships can
be predicted on the basis of transitivity; others cannot. Some rank rela-
tions change frequently, others remain static for years at a time. Many
songbirds, on the other hand, live in monogamous territorial pairs and
need assess only their neighbors’ relative competitive ability. As a result,
their social categories and the computations that underlie them may be
somewhat simpler. A greater challenge will be to determine the degree
of similarity in the languages of thought between very different species
whose social lives appear, at least superficially, to be equally complex.
Pinyon jays and hyenas live in social groups that are ostensibly similar
to baboons’. Do these species also classify others simultaneously accord-
ing to multiple criteria? Do they recognize that different types of social
relationships are characterized by different rules? When they hear a
vocalization, do they make the same causal inferences that baboons do?
If so, are these inferences also based on considerations like the nature of
recent events and the relationships that exist among other group mem-
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bers? The comparative experiments to answer these questions have not
yet been conducted.

Comparing baboons, chimpanzees, and humans

Roughly 30 million years ago, baboons, chimpanzees, and humans
shared the same ancestor. The ancestral line leading to baboons and
other Old World monkeys then diverged. For almost 20 million years
thereafter, chimpanzees and humans shared a common ancestor before
separating roughly five to seven million years ago. In what ways have
baboon and chimpanzee minds diverged since their separation? And
what selective pressures might have resulted in the obvious differences
between the chimpanzee and human minds?

The most striking differences between baboons and chimpanzees
can be found in brain size and structure, social organization, and tool
use. As we noted in Chapter 7, baboon brains are smaller than those of
chimpanzees, both absolutely and relative to body size. Chimpanzee
brains also differ qualitatively from those of Old World monkeys, with
comparatively greater elaboration of the cerebellum and frontal lobes
(Rilling 2006).

Baboons live in groups of up to 100 individuals who move together
as a unit and are organized around a core of genetically related females.
Chimpanzees, in contrast, live in large fission-fusion communities of up
to 40 males, some of whom are related, and a varying number of usually
unrelated females. Within a chimpanzee community, individuals join
and separate in a largely unpredictable manner, although males are more
likely to form temporary foraging and patrolling parties while females
are more likely to travel alone (Goodall 1986; Watts and Mitani 2001;
Boesch et al. 2002). Although little is known about chimpanzee com-
munication in the wild, chimpanzees appear to have a vocal repertoire
that is roughly the same size as baboons’, and their vocal development
seems equally constrained. Throughout Africa, chimpanzees use a wide
variety of tools, including stones to break open nuts, small sticks and
stems of grass to fish for ants and termites, and large sticks as clubs and
hammers (Chapter 8). Baboons, in contrast, have never been reported to
use tools in the wild. Indeed, the New World capuchin monkeys are the
only monkeys that regularly use tools under natural conditions, though
there is no evidence that they modity or prepare tools in advance of
their use.

278



BABOON METAPHYSICS

Chimpanzees’ knowledge of other individuals’ social relationships
is hard to compare with monkeys’, because no study has yet asked a
chimpanzee what she knows about the ranks, kinship, or friendships of
other chimpanzees. In the laboratory, chimpanzees outperform mon-
keys in tests that require tool use, planning, and imitation, but, at least
in some contexts, monkeys are also capable of a limited degree of imita-
tion. Chimpanzees select tools in advance of their use, suggesting that
they can, to some degree, introspect about their future intentions and
goals. Monkeys, though, are capable of monitoring their knowledge to
a limited degree. Chimpanzees may be better than monkeys at read-
ing other individuals’ intentions, goals, and visual perspectives, but the
evidence here is by no means clear. Like monkeys, chimpanzees show
little evidence of teaching. They experience grief but their capacity for
empathy remains controversial. It even remains unclear whether chim-
panzees differ qualitatively from dogs and some birds in their ability to
read their own and others’ minds (Chapters 8 and 9). They may well do
so, but the evidence to date is far from definitive.

Fission-fusion societies like those found in chimpanzees may place
strong selective pressure on the ability to imagine and plan hypotheti-
cal social interactions with individuals who may not be encountered for
several days or even weeks. They may also favor the ability to represent
oneself and others in different places, times, and scenarios (Dennett
1987b; Barrett et al. 2003). If true, chimpanzees’ social structure may
have favored a language of thought that includes a form of “what if”
episodic memory that is qualitatively different from that found in mon-
keys. It remains for future research to test this hypothesis.

The human mind

Whatever the outcome of this work, it remains indisputable that the hu-
man mind differs qualitatively from that of other apes. In the few mil-
lion years after the divergence of the hominid line, brain size increased
dramatically, including in particular the prefrontal and temporal asso-
ciation cortices—the areas associated with complex cognition (Deacon
1997; Rilling 2006). We suspect that, as our uniquely human traits be-
gan to appear, the continuing evolution of a theory of mind played the
crucial role as catalyst and prime mover, facilitating and leading to the
evolution of all of the traits that are uniquely human, including speech,
teaching, elaborate tool use, and culture.
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Consider word learning in children, a skill that depends crucially
on the listener’s ability to make inferences about a speaker’s intent. If
a person is looking at a particular object when she says an unfamiliar
word, a child assumes implicitly that the word is a label for that object.
Monkeys and apes appear to be much less adept at recognizing the in-
formative content of attention.

Or take syntax, another uniquely human trait that is adaptive be-
cause it allows individuals to communicate an infinite number of mes-
sages using a finite number of sounds. Syntax overcomes the limitations
imposed by a limited vocabulary, and it allows individuals to communi-
cate information about relations between objects or events. But for syn-
tactic communication to be favored by natural selection, the speaker
must first understand that his audience needs to have events or ideas
explained to them, and he must recognize that speech can be used to
inform, warn, cajole, and deceive.

Once an individual can represent another person’s mental state and
compare his own mental states to others’, he can begin to think (and
speak) about mental processes and content: he can begin to think or
say that another individual “believes that...,” “thinks that...,” or “wants
that....” Philosophers call this intentionality, or “aboutness.” Mental
states are always about other things: baboons are baboons, but a belief
is always a belief about something. You can hold a belief about baboons
that is true or false or wildly delusional, but baboons themselves cannot
be true, false, or wildly delusional, except in a metaphorical sense. Men-
tal states are also recursive, because nested inside the mental state is its
content. If you believe that Ian thinks that his boat has just run over a
hippo, you assume that Ian has thoughts and that, at this instant, one
of them contains a representation of a hippo. If you can examine your
own mental states, you know that you have thoughts and that, at this
moment, one of them contains a representation of lan’s thought that
contains a representation of a hippo.

Representing another individual’s mental state is thus inherently,
automatically recursive, and representing your own thoughts about an-
other person’s mental state is doubly so. When evolution favors a the-
ory of mind, therefore, it necessarily favors recursive thinking, because
there is no way to represent the content of another’s thoughts without
nesting the content inside of the thought. And when evolution favors
the ability to express your knowledge about another’s mental state it
automatically favors recursive speaking, because recursion provides an
excellent way to express the relation “thinks that...,” “wants that...,”
“believes that....”
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Modern languages exhibit recursion regardless of whether the sen-
tence does or does not concern mental state attribution. An example
of the former is “She thinks that he doesn’t know that she likes him”;
an example of the latter is “This is the cat that ate the mouse that lived
in the house that Jack built.” We suggest that recursive thinking first
appeared in the social and technological knowledge of hominids who
could gain a reproductive advantage by representing the mental state
of others (and themselves), and that recursive speaking appeared sub-
sequently, pushed by the need to express the intentionality inherent
in mental state attribution. From these modest beginnings, recursion
became a pervasive component of human thinking and syntax.

It has been hypothesized that humans differ from other apes not
only in the sophistication of their theory of mind but also in their mo-
tivation to share their intentions, emotions, and knowledge (Tomasello
et al. 2005). Even very young children with only an implicit under-
standing of other people’s minds are strongly motivated to share their
ideas and empathize with others. Chimpanzees do cooperate with one
another, and they may also make inferences about others’ goals and
motives when engaged, for example, in collaborative hunts. However,
they do not appear to be as motivated as young children to cooperate
and empathize with others. They seem much less sensitive than young
children to the psychological mechanisms underlying cooperation. This
motivation to share ideas and emotions with others almost certainly
played a crucial role in the evolution of language, tool use, and culture.
We will leave speculation about the selective pressures that might have
favored high levels of cooperation in early hominids to others.

Because humans and chimpanzees differ strikingly in their theories
of mind and in their motivation to communicate what they know, we
suggest that the evolutionary pressures favoring individuals’ ability to
represent each other’s knowledge—the rudiments of which we see in
modern chimpanzees—created strong selective pressures favoring an
ability to express this knowledge to others. In other words, having a
theory of mind favored an ability to speak, expand one’s vocabulary,
and combine words in sentences to convey novel meanings. Thought
came first; speech and language appeared later, as its expression.

This view, that a theory of mind and the motivation to share knowl-
edge served as the driving forces behind the evolution of flexible vocal
production, is consistent with recent genetic discoveries, which suggest
that genetic changes leading to the evolution of flexible, modern phona-
tion occurred at a relatively late date, after the human line had diverged
from the common ancestor of human and chimpanzee. For example,
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Wolfgang Enard, Svante Pdabo, and their colleagues have identified a
gene complex called FOXP2 that affects the flexibility of orofacial move-
ment and hence vocal production. The gene differs between humans,
on the one hand, and all other mammals including chimpanzees on
the other. Genetic changes in the human line have thus occurred since
the human-chimp split, and appear to have been the result of selection
rather than any other mechanism. The changes were adaptive because
of the benefits they brought to their possessors in the domain of speech
and language (Enard et al. 2002). But as Pdabo (2003) notes, changes
in the genetic mechanisms underlying speech production would have
been favored by natural selection only if they occurred in creatures that
were already capable of a sophisticated form of communication and
cognition. Just as they drove the evolution of other uniquely human
traits, a theory of mind and the urge to share knowledge with others
drove the evolution of flexible vocal production.

Finally, we return to technology—the use and manufacture of
tools—a topic that has played little role in our discussion of baboon
metaphysics. The reason, by now, should be obvious: baboons’ adaptive
specialization is their social intelligence; their technological skills are
decidedly underwhelming. Baboons are also not motivated to change
their physical world. Their brains are smaller than those of some great
apes that live in smaller groups but use and manufacture tools. Indeed,
there is a significant positive correlation between innovation, tool use,
and brain size in primates, but not between innovation, tool use, and
group size (Chapter 7). This has led to speculation that innovation and
technology, not the demands of social life, have driven the evolution
of large brains in primates (Reader and Laland 2002; Reader 2003). The
hypothesis is persuasive, especially because we cannot yet point to a
specific way in which monkeys’ social knowledge differs qualitatively
from that of other animals.

The ability to reflect actively upon one’s own thoughts and beliefs
permits the sort of introspection and mental time traveling essential
not only for manipulating other individuals but also for manipulating
things. The inventor of a tool must be able to imagine the tool’s func-
tion in advance of its use and plan its manufacture accordingly. Fur-
thermore, a tool’s propagation requires that others recognize its use and
understand that they may have to seek assistance from a knowledgeable
tutor if they are to use it effectively. Like speech, tool manufacture and
teaching have obvious adaptive values, but they require as a necessary
precursor the ability to represent both another individual’s and one’s
own thoughts and beliefs. It is difficult to imagine how any of these
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traits could have evolved completely independently of the others—
difficult to imagine a hominid who could introspect about the inven-
tion of a new tool but was unable to recognize whether a pupil was
ignorant or knowledgeable, or one who could inform an ignorant pupil
but was incapable of flexible communication.

Baboons and other monkeys rarely if ever manufacture tools, but
they do seem to have a limited capacity to monitor their own knowl-
edge and to attribute simple mental states to others (Chapters 8 and 9). It
therefore seems probable, as Jolly (1966) first proposed, that the techno-
logical and innovative skills evident in rudimentary form in chimpan-
zees (and hyperbolically so in humans) have their roots in the selective
forces that originally favored the evolution of social skills. Although
innovation, tool use, and technological invention may have played a
crucial role in the evolution of ape and human brains, these skills were
probably built upon mental computations that had their origins and
foundations in social interactions.
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Appendix

The matrilineal families of C troop, in descending rank or-
der, in June 2006. Offspring who died before July 1992 are
not shown. Females are represented by circles, males by tri-
angles. Dead animals are crossed out. Males who emigrated
from the group are depicted by an arrow. Two females who
produced only sons are not included.
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