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1

Animal chatters

TINBERGEN’S FOUR QUESTIONS

Calanques National Park, near Marseille. It is noontime under the sun of
Provence. The heat is intense, the light bright. The garigue smells of thyme,
rosemary, and lavender. The background music (“tchik-tchik-tchik”) is
provided by the cicadas, pressing against the bark of the pine trees, their
rostra stuck into the trunk to pump out the beneficial sap. In the deep
blue sky, swifts glide like arrows: “Weer!! ... Weer!!!” A large locust
spreads its colorful wings and flies in front of me, then lands a few me-
ters away. Its long hind legs oscillate rapidly as they rub against its wings,
producing a strange chirping sound, like rustling sheets of paper. When
the legs freeze, the sound stops. On its branch, a subalpine warbler emits
its cheerful ritornello, briskly playing sometimes fluted, sometimes
squeaky notes. Suddenly, the warbler falls silent and dives into a bush.
It soon comes out to sing again. In the background, far away, some sheep
bleat. A dog barks. Later, when the sun has waned and it is getting cooler,
the cicadas will stop their relentless concert. Others will take their place,
and the entire night will rustle with the song of locusts, grasshoppers,
toads, and other nocturnal creatures, in an apparent cacophony. Just
before daybreak, the dawn chorus of birds will come alive. The cicadas
will remain silent, waiting for the heat to start vibrating their cymbals,
those small membranes hidden under their wings, which rattle several
hundred times a second. “Tchik-tchik-tchik . . . tchik-tchik-tchik. . .
tchik-tchik-tchik. . . ” This is the great concert of life!
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The soundscape of the Mediterranean scrubland is unique. There is
this multitude of sounds produced by animals, to which are sometimes
added the breath of wind in the trees and the sound of waves crashing
on the shore. For me, they are associated with all the times I've spent in
this region of France. Have you ever wondered why animals make these
sounds? Not simply to charm our senses, of course: They are not in-
tended for us. In fact, their purpose is to communicate. To communicate—
that’s a bigword! And yet . . . these songs, cries, and other shrill sounds
are signals that, like our human words, allow them to converse with
other animals. What do they say to each other, you may ask? This is what
I propose to discover in this book. You are about to enter worlds of
sound, some of which are familiar but most of which are completely
unknown to you and which you never even knew existed. How could
you, since some of them are not even accessible to our ears?

Many animals exploit the sound-transmitting properties of water or
air to communicate: to find a partner, to defend a territory, to signal the
presence of a predator or food source, to collaborate in hunting, to rec-
ognize and interact with members of the group. These communications
are essential for many species, including our own. We know this well—
we whose articulated language demonstrates an incredible complexity,
commensurate with that of our social interactions; we whose simple
cries, from the moment we are born, signal our emotions and needs to
other humans. The fact that animals are comparable to humans has been
demonstrated by a great deal of scientific work over the last forty years.
We can no longer set our species apart from other animals: each species
has its own biological, ecological, social, and sometimes cultural char-
acteristics that define its own world. Acoustic communication systems
are therefore diverse, but all are worthy of interest. They are evidence of
the diversity of life."

How are animal vocalizations produced? What information do they
contain? Can we understand animal languages? For a long time, the
diversity of these sound worlds was difficult to access, but technical
advances—such as the tape recorder and then the computer—have
changed this. In recent decades, scientists have begun to read the scores
of animal concerts and decipher their meaning.
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I'm involved in the science that studies animal acoustic communica-
tions, called bioacoustics. Bioacousticians are working to decipher how
animals make and hear sounds, what information is encoded in their
sound signals, what this information is used for in their daily lives, and
also how their acoustic communication systems have developed over the
history of life. We will see that studying the richness and complexity of
animal acoustic communication can help us understand how our own
communication system works—our words, our laughter, our cries. Bio-
acousticians are a bit like Champollion, the French historian who deci-
phered Egyptian hieroglyphics using the Rosetta Stone, a fragment of a
stele where the same text is written in several languages. To decode animal
languages, many other methods must be used, but the goal remains the
same: to decipher their meaning. The sounds produced by animals are
signals carrying information whose meaning we are trying to decipher.

Bioacoustics is a discipline rooted in ethology, the science of animal
and human behavior. The development of this branch of biology is rela-
tively recent, dating back to the 1960s. In 1973, the Nobel Prize in Physiol-
ogy and Medicine was awarded to three ethologists. The first was Konrad
Lorenz. You may have already heard of this Austrian researcher, who be-
came famous for his experiments on imprinting, in which memory of
certain events or individuals is built up very quickly and very early in life.
Lorenz discovered imprinting in his observations of geese. If goslings
hatch in the presence of a human being, they consider that person to be
their mother and follow him wherever he goes.” The second Nobel laure-
ate was Karl von Frisch. He discovered the dance of the bees, this unique
communication system through which the worker bee, on her return to
the hive, can inform her sisters of the whereabouts of new flowers.> It is
impressively precise: the angle formed between the axis of the bee’s walk
along one of the honeycombs and the vertical axis corresponds to the angle
formed between the direction of the sun and the direction of the flowers
when exiting the hive. Simply incredible! But there is more: the frequency
of the vibrations of the insect’s body and wings contains information
about the amount of food provided by the flowers. It is by vibrating that
the bee signals it is worthwhile to go on a shopping spree. The third re-
searcher was Nikolaas Tinbergen. Of the three, he is my favorite. Tinbergen
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spent most of his career studying animal behavior using the experimental
method.* He invented ways of questioning animals in order to understand
the causes and consequences of their behavior. For example, in order to
test whether it was the red spot on the herring gull’s beak that caused the
chicks to beg for food, he offered them various objects (sometimes simple
sticks) more or less faithfully reproducing an adult’s head and bearing a
bigger or smaller spot, and in different colors. He then measured the in-
tensity of the chick’s behavioral response—its speed in beating the lure
with its beak. Tinbergen thus highlighted the importance of the “red spot”
signal in the parent-chick relationship in this seabird species. In addition
to being a remarkable experimenter, he sought to formalize scientific re-
search in ethology. He explained that in order to fully understand animal
behavior, four questions had to be answered. This method is still valid
today,” and every bioacoustician keeps Tinbergen’s four questions in mind
when studying sound communication:

(1) What are the mechanisms of the behavior I observe?

(2) What are the evolutionary causes that explain the existence
of this behavior?

(3) How did this behavior develop over the course of the
individual’s life?

(4) What has the evolutionary history of this behavior
been over geological time?

Let’s look at these four fundamental points in more detail. Let’s imagine,
for example, that you want to understand why American robins, Turdus
migratorius, sing in the spring and what the drivers of this communica-
tion are.

You first need to understand the mechanisms of both the production
and reception of signals, i.e., the processes that lead an animal to pro-
duce a sound and those that explain a behavioral response to what it
perceives—for example, to understand why, when a male robin hears
another male robin singing, it responds by singing in turn and some-
times by attacking the intruder. What is it about the song that causes
this reaction? First and foremost, there must be particular acoustic char-
acteristics identifying the American robin, which ensure that its song is
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not confused with that of another animal species, especially another
bird species. Second, why is the reaction aggressive? Is it, for example,
because the robin is ready to reproduce, and the high level of sex hor-
mones circulating in its blood increases its reactivity? If we want to
study these proximal causes of the behavior, we need to describe the
properties of the stimuli that provoke the robin’s reaction, both external
(the intruder’s song) and internal (hormonal balances). We also want
to understand all the physiological processes, from the reception of the
stimulus (How does hearing work?) to the expression of the behavioral
response (Why all this agitation? To defend one’s territory?). To ex-
plore these questions, you can set up experiments in acoustic playback
with a loudspeaker placed near where the robin sings, and question it
directly: “Is this song a territorial signal for you?”

Once you have addressed the first of Tinbergen’s questions, you can
turn your interest to the second question: the evolutionary causes of the
communication. Why has this singing behavior rather than another
been favored during the evolution of the species? In other words, how
does singing confer advantages that might explain why, once it ap-
peared, it has been retained over time? Does singing increase a male
robin’s likelihood of being noticed by a female? Will an aggressive indi-
vidual, singing louder, more often, and for longer than others, be more
effective in defending its territory and food resources? These two as-
pects would increase his reproductive success, i.e., the number of young
he fathers and who survives into adulthood. Singing behavior would then
be favored by the two facets of sexual selection: intersexual selection—
females prefer some singers to others—and intrasexual selection—males
drive off insufficiently aggressive colleagues more easily. But beware of
the other side of the coin: Doesn't singing like a madman increase the
probability of being spotted and captured by a predator such as a hawk
or any other bird of prey? You could hypothesize that natural selection
may have limited this behavior and favored individuals inclined to sing
less loudly. Thus, sexual selection, like natural selection—the two major
evolutionary mechanisms identified by Charles Darwin—probably par-
ticipates in the evolution of communication behavior. You can see that
things are complicated and that establishing the evolutionary causes of
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sound communication is not easy: all behavior is the result of a balance
between constraints that sometimes have the opposite effect. You
should not forget that evolution is also very much subject to chance
(so-called stochastic processes). Your task as an evolutionary biologist
will certainly be very difficult.

Let’s see if it’s easier to answer the third question formulated by Tin-
bergen: How was this communication behavior acquired during the life
of our American robin? At birth, the robin chick cannot sing. It simply
makes short calls to beg its parents for food. In the weeks following
hatching, its brain develops and the chick gradually acquires the ability
to produce more complex vocalizations. It is then essential that the
young chick be able to hear adult songs, which it will learn by imitating.
How are the two types of processes articulated? There are the innate
processes (a robin will never sing like a wren; it has a genetic predisposi-
tion to sing “American robin”) and the acquired processes (the young
robin learns to sing by imitating an adult). This is a vast field of investiga-
tion. We discuss it in detail in chapter 12.

The fourth question remains, which is by far the most difficult to ad-
dress: What s the evolutionary history of the communication that you are
studying? To put it plainly, what are the stages that gradually led from
the ancestor of birds—a kind of dinosaur, perhaps emitting dinosaur
vocalizations®—to a robin singing a song? Quite a story, isn’t it? All ani-
mal species, including humans, are rooted in the depths of time and share
common ancestors. While we are beginning to understand the evolu-
tionary mechanisms of diversification of living species rather well, par-
ticularly with regard to their genetic heritage, anatomy, physiology, and
morphology, reconstructing the evolution of behavior remains a chal-
lenge. How and when did birdsong emerge over the course of evolution?
Why in some species is it only the males that sing, whereas in many other
species females also vocalize? Is song an ancestral trait in both sexes?
Were dinosaurs, the ancestors of today’s birds, capable of producing
sounds? Did they use them to communicate? Can we imagine a tyran-
nosaurus “singing” to call his or her partner? Did young tyrannosau-
ruses learn their vocalizations by imitating an adult? When and how
did this learning happen? Answering all these questions is difficult, if not
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impossible, because behavior leaves few fossil traces.” My great frustration
as a bioacoustician is not being able to listen to and record extinct
species. I dream of being able to record baby tyrannosauruses and then
have their parents listen to these vocalizations. And to see their reactions!
It’s obviously unlikely that we’ll ever be able to achieve this kind of
thing—but who knows? Maybe one day we’ll be able to reconstruct
“real” dinosaurs from fossil genomes, like in Jurassic Park. A Japanese
team is trying to revive the woolly mammoth in this way. However, there
are scientific methods that make it possible to establish solid hypotheses
about the evolution of communications. We'll talk about that too.

Most bioacousticians focus their research on only one of Tinbergen’s
four questions and therefore do not aim to understand all aspects of the
sound communication being studied. But keeping all of these questions
in mind provides a fertile framework for thinking. Even when one is
interested in relatively simple mechanisms, such as how a sound stimu-
lates the robin’s eardrum and is then transformed into nerve potentials
that can be interpreted by the bird’s brain, it is useful to consider that
these mechanisms have a history.

Therefore, to conduct research in bioacoustics, a solid knowledge of
biology is required. Most of my PhD students and postdocs have years
of study in zoology, anatomy, physiology, neurobiology, ecology, ethol-
ogy, and evolution. But bioacoustics requires, like many other disciplines
in the life sciences, proficiency in scientific fields other than biology. In
bioacoustics, there is certainly the prefix bio (living), but there is above
all the root acoustic. Studying animal sound communications requires
an understanding of what a sound is. Follow me and hang on tight: we’re
going on a detour through the physics of acoustic waves. Don’t worry;
it’s not that complicated, and it’s important for our journey into the
world of animal sound. If, however, physics gives you a serious head-
ache, and after trying to read the following chapter (science does re-
quire some effort, after all) you have trouble understanding what I have
written, I'll take you straight to chapter 3. There, we start our journey
by venturing into the Brazilian rainforest. For now; let’s try bravely—a
little courage! I first explain what a sound is, how it propagates, and how
it can be described.
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Magrath, Robert: botanical garden detail,
220; fairy wren study model, 219

mamba, 115

mammals: mothers’ gift of caring for babies,
254-585; vocalizations, 116—17; wind in-
struments of, 42

mandrill (Mandrillus sphinx): biology of,
181; voice of, 181

manipulative signal, concept of, 61

Manser, Marta, meerkats, 211-12

Mariette, Mylene, adult zebra finches, 60

INDEX

Marin County, California, 158

Marin-Cudraz, Thibaut, automatic counting
by bioacoustic method, 261

Marler, Peter, 159, 160; bioacoustics, 151;
songbirds learning to sing, 161; vervet
monkeys, 214; white-crowned sparrow,
158,266

marmosets, 254; food and, 218; vocal ex-
changes, 181, 328n314

Mars (planet): Martian identifying flow of
human speech, 282; recording sound
on, 10

marsh wren (Cistothorus palustris), song
learning, 166

Mata Atlantica, 14, 15, 16, 24. See also white-
browed warbler (Basileuterus
leucoblepharus)

Max Planck Institute of Ornithology, Ger-
many, 153

Max Planck Research Institute, 153

McComb, Karen, female elephant vocaliza-
tions, 201

McGregor, Peter: communication network
concept, 147; Siamese fighting fish (Betta
splendens), 15S

McVay, Scott, humpback whale, 71

mechanoreceptor, 100

Médoc, Vincent, boat noise and freshwater
fish behavior, 267-69

meerkats (Suricata suricata): alarm calls,
212-13; recruiting call, 213; referential
communication, 213; vocal repertoire of,
211-13

Megachiroptera, fruit bats, 191

Megaptera novaeangliae: humpback whale,
70. See also baleen whales

Melanosuchus niger: black caiman, 91-94.
See also crocodiles

melatonin, sleep hormone, 171

Melospiza georgiana (swamp sparrow), 110;
learning to sing, 165; vocal learning, 171

Melospiza melodia (song sparrow), learning
to sing, 165
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lustration of, 131; sound productions,
262

Mets, David, learning to sing, 163-64

mice. See striped mouse (Rhabdomys
pumilio)

Microchiroptera, bats, 191

microphone, signal propagation in forest,
28
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Mimus polyglottos (northern mockingbird),
song imitation, 165

minke whale (Balaenoptera acutorostrata),
killer whale preference, 74

minnows. See European minnows (Phoxi-
nus phoxinus)

model of sensory bias, 132; communica-
tion, 128; Lebithini crickets, 133

mole rats, vocalization, 178-79

Molothrus ater (brown-headed cowbird),
vocal learning, 174

Monachus schauinslandi (Hawaiian monk
seal), S1. See also seals

monkeys, semantic communication, 214.
See also bonobos; chimpanzees; primates

Morelet’s crocodile ( Crocodylus moreletii),
recordings of, 114
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nal, 234

Morton’s principle (motivation-structural
rules), 234, 236, 307
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moths: bats and, 194-96; Doppler effect,
194; tympanic ears, 195

mouse, ultrasound communication, 187-89
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250-51

Muséum national d’Histoire naturelle,
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mutualism, 294

Myotis (greater mouse-eared bat), ultra-
sound, 195
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calizations, 178

Narins, Peter, 200; ultrasonic frog, 196-97

National Research Agency, 151

Natural History (Pliny the Elder), 159

natural selection, 127

Nature (magazine), 151, 168, 170

Nature Communications (journal), 124, 181,
251

near sound field, particle oscillations,
105
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networks. See acoustic communication
networks

neurobiology, language, 169-70
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New Jersey Institute of Technology, 252

Nhumirim Ranch, 88-89, 97

nightingale (Luscinia megarhynchos), learn-
ing to sing, 164-65

Nile crocodiles (Crocodylus niloticus), 90~
91, 92, 95; behavioral response of mother
to offspring, 115-16; cries of human ba-
bies, 237-38; emotions in vocalizations,
229-30; recordings of, 114; vocalizations
of baby, 113. See also crocodiles

Noad, Michael, humpback whale song, 71

noise: animal communications and human
activities, 264-65; behavior of freshwater
fish and, 267-69; gull colony, 38-39;
penguin colony, 39-40; penguins, 43-44;
signal, 32; signal-to-noise ratio, 35. See also

penguins
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noisy friarbird (Philemon corniculatus),
regent honeyeater singing song of,
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Nomascus concolor (gibbon), 284

Nomascus nasutus (gibbon), 284

nonhuman primates, language and speak-
ing, 179-80

North African green frog (Pelophylax saha-
rica), 111
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cialis), 265
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song imitation, 165

Norway, 32

Nottebohm, Fernando, song nuclei, 168
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271,272
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Nyamsi, Ruben Mbu, sound analysis method,
279
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Old World monkeys, Cercopithecinae, 205
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tling sound, 319n167
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orb-weaving spider (Larinioides sclopetar-
ius), 3370448

orcas, ecotypes of, 74

Orcinus orca: killer whales, 73-75; Krause
recording of, 333n385

Orinoco crocodile (Crocodylus intermedius),
95, 230; recordings of, 114. See also
crocodiles
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Panthera onca (jaguar), vocal cords, 122

Panthera pardus (leopard), vocal cords, 122

Panthera tigris (tiger), vocal cords, 122

Pan troglodytes (chimpanzee), vocal cords,
122

Papet, Leo: crocodilian study, 89, 95, 96;
emotions in vocalizations, 229

Papio ursinus. See chacma baboons (Papio
ursinus)

parakeets, 160

parental cooperation, seabirds, 36

parent-offspring communication: barn
owls, 58-59; birds, 54-57; black-headed
gull, 37-38; black redstarts, 59; bottle-
nose dolphin, 64; cowbird, 62; cuckoos,
62-63, 64; evolution of communication,
61-62; fur seals, 53-54; gulls, 57-58;
parasites and hosts, 63; seals, S1-53; wal-
ruses, 48-51; work of Charrier, 37, 46,
47; wrens, 62—63, 64; zebra finches,
60-61

Parker, Brad, 47

Parmentier, Eric: fish sound productions,
130; piranha man, 262

parrots, 160

Parus major (great tit), learning to sing, 164

Parus major minor. See Japanese great tit
(Parus major minor)

Passerculus sandwichensis (Savannah spar-
row), learning to sing, 162-63

passerines, learning to sing, 160

Patural, Hugues, identifying babies by their
cry, 253,256

Pavlov, Ivan, operant conditioning, 80

Payne, Roger, humpback whale, 71, 175
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penguins: acoustics for recognition, 38-40;
adaptations to noisy environments, 41-42;
Adélie (Pygoscelis adeliae), 44; background
noise and communication, 39-40;
emission strategies, 43-44; emperor
(Aptenodytes forsteri), 39, 41, 43; king
(A. patagonicus), 38-39, 40, 43, 44; par-
ents and offspring, 47; two-voice phe-
nomenon, 42-43; vocalization by, 42-43

Pepperberg, Irene, parrot language training,
289

Pernau, Ferdinand, song learning, 159

Perrier, Leo, ultrasound and mice, 187

Perseverance rover, microphones of, 10

Peyron, Roland, brain perception of cries,
258-59

Phascolarctos cinereus (koala), call of, 121-22

pheromones, termites, 198

Pheugopedius euophrys (plain-tailed wren),
male and female singing, 252

Philemon corniculatus (noisy friarbird), re-
gent honeyeater singing song of, 173

Phoca vitulina (harbor seal), S1. See also seals

Phoenicurus ochruros. See black redstart
(Phoenicurus ochruros)

Phylloscopus trochiloides (greenish warbler),
song of, 172

Phylloscopus trochilus. See willow warbler
(Phylloscopus trochilus)

Phyllostomus discolor (spear-nosed bat),
vocal learning, 177

phylogenetic reconstructions, 168

Pierce, George, ultrasound detector,
190-91

piha: sharing songs with neighbors, 166.
See also Lipaugus vociferans (piha)

pilot whales (Globicephala melas), 75

Pinniped Cognition & Sensory Systems
Laboratory, 79, 80

Pinniped Laboratory in Santa Cruz, 209
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pinnipeds, 46-47; reproduction, 47; vocal
learning, 176

piranha fish (Pygocentrus nattereri), reper-
toire of sounds, 130

Pisanski, Kasia, vocal exaggeration, 123-24

plain-tailed wren (Pheugopedius euophrys),
male and female singing, 252

Pliny the Elder, 159

PNAS (magazine), 224

Poecile atricapilla (black-capped chickadee):
breeding decisions, 155-56. See also
black-capped chickadee (Poecile
atricapilla)

pollution, 264

Pomacentridae family, 263

Pomatostomus ruficeps. See chestnut-crowned
babbler (Pomatostomus ruficeps)

porpoises, 68

Poulsen, Holger, learning vocalizations, 159

pragmatics, human language, 225-26

Prat, Yosef: acoustic analysis, 283; on spo-
ken language, 282

precedence effect, acoustic signals, 112

precursor sender model: communication,
128; model of sensory bias and, 133

predation, chick begging behavior and, 56

predators, acoustic signals, 103

Premack, David: chimpanzee work, 288;
emotions in communications, 215

Presbytis thomasi (Thomas’s langurs), audi-
ence effect, 154

pressure-differential ears, frogs, 107

primates: identifying babies by their cry,
256; sequence of calls, 340n489; social
intelligence, 154-55; sound communica-
tions, 181

Procnias tricarunculatus (three-wattled bell-
bird), learning to sing, 160

propagation media, sound waves, 13

Prunella modularis (dunnock), 272

ptarmigan. See rock ptarmigan (Lagopus
mutus)

Puerto Rico, Hurricane Maria and, 278
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pulse-echo delays, echolocation, 192

Pygocentrus nattereri (piranha fish), reper-
toire of sounds, 130

Pygoscelis adeliae. See Adélie penguin
(Pygoscelis adeliae)

quality index, 119

Reby, David: acoustic communications of
deer family, 120; communication with
dogs, 240; interest in baby crying, 253;
larynx of koala, 121-22; mammalian
voice production, 234; vocal exaggera-
tion, 123-24; vocal production, 179

receiver, signal, 33

recruiting calls, meerkats, 213

red-breasted nuthatch (Sitta canadensis),
eavesdropping, 156-57

redstarts. See black redstart (Phoenicurus
ochruros)

reef ecosystem, acoustics of, 277-78

referential communication: ground squir-
rels and marmots, 218-19; marmosets,
chimpanzees, and bonobos, 218; primate
species, 217; sophisticated system, 213

regent honeyeater (Anthochaera phrygia),
songs of, 174

Reichmuth, Colleen, 80; hyenas and oper-
ant conditioning protocol, 209-10;
sound world of pinnipeds, 81; training
dogs, 80

Rendell, Luke, sperm whale acoustics,
76-77

reproduction, pinnipeds, 47

resonator, mouth as, 108

resource, term, 86

Rétaux, Sylvie, genetics and development,
135

Rhabdomys pumilio. See striped mouse
(Rhabdomys pumilio)

rhesus macaque (Macaca mulatta), audi-
ence effect, 154

INDEX

ringtailed lemur (Lemur catta), referential
communication system, 217

ripples, throwing pebble into pond, 9-10

ritualization, precursor sender model, 128

robins. See American robin ( Turdus
migratorius)

Rochais, Céline, striped mice, 335n411

Rockefeller University, 168

Rockefeller Wildlife Refuge, Louisiana,
114

rock ptarmigan (Lagopus mutus), 261; esti-
mating population size, 260, 261; illus-
tration of, 261

Rogers, Ginger, 153

Rosetta Stone, 3

Roulin, Alexandre, sibling negotiation hy-
pothesis, 58

Rousettus aegyptiacus (Egyptian fruit bat),
vocal learning, 177

Rousettus genus, fruit bats, 191

Rowley Island, 65

royal cobra (Ophiophagus hannah), whis-
tling sound, 319n167

rufous-and-white wrens (Thyrophilus rufal-
bus), vocal behavior of, 343-344n547

Rumbaugh, Duane, chimpanzee work, 288

Rybak, Fanny, short-range communication
in flies, 104-5

Saccopterys bilineata (bat species), vocal
learning, 177

saiga antelope (Saiga tatarica), 122

Saiga tatarica (saiga antelope), 122

Saloma, Anjara, mother-offspring commu-
nication, 73

San Francisco Bay Area, 158

Santa Cruz, 78, 79,209

Savannah sparrow (Passerculus sandwichen-
sis), learning to sing, 162-63

Sayornis phoebe (eastern phoebe), learning
to sing, 160

Schradin, Carsten: research at CNRS, 184;
striped mouse study, 185-86
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ities, 79-80

Science (magazine), 158, 178, 214, 282

Scolopax rusticola (woodcock): illustration
of, 173; song vocalization, 172

scolopidium, 321n185

screaming piha, 143, 160; illustration of,
141; Sébe studying, 145-47, 260; sound
triangulation for, 143-44. See also Lipau-
gus vociferans (piha)

seabirds: breeding of; in colonies, 35-36;
breeding pairs, 36

seals, 4S; bearded seal (Erignathus barba-
tus), S1, 65-66; Galapagos baby fur seal
(Arctocephalus galapagoensis), 52; illus-
tration of fur seal, 52; parent-offspring
communication, 51-53; Weddell seal
(Leptonychotes weddellii), S1. See also el-
ephant seals

Sea of Barents, 32

Sebe, Frédéric, 327n294: songs of neigh-
boring warblers, 23; studying screaming
pihas, 145-47, 260

Sechellophryne gardineri (Seychelles frog), 108

sedge warbler (Acrocephalus schoenobae-
nus), repertoire size, 126

sedge wren (Cistothorus stellaris), song
learning, 166-67

semantics, language, 214

semisyringes, penguins and, 42-43

sender, signal, 32

Serranidae family, 263

sexual dimorphism, 117; blue-footed booby,
245,247-48

sexual selection: blue-footed booby, 247-48;
communication signals, 126-27; Darwin
on, S; driver of evolution, 167; signal
evolution, 134

Seychelles frog (Sechellophryne gardineri),
108

Seyfarth, Robert: communication systems
of baboons, 226-28; vervet monkeys,
214, 215; vervets, 226
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Shacks, Vince, 113, 114-15

Shannon, Claude: information theory, 33,
226, 284; strategies for encoding infor-
mation, 34-35; theory development and
publishing, 311n27

shearwaters: acoustic communications of,
248-49; illustration of, 249; role of fe-
males and males in acoustic communica-
tion, 250

shining bronze cuckoo (Chrysococcyx
lucidus), fairy wren (Malurus cyaneus)
and, 62

short-distance ears, 101, 104, 320n172

shrimp, coral reefs, 67, 68

Siamese fighting fish (Betta splendens), vi-
sual signals, 155

sibling negotiation hypothesis, 58

signal: call of baby fur seal, 53-54; commu-
nication, 2; modifications, 34; propaga-
tion, 34

signal-to-noise ratio, 35; penguins and,
43-44

Silent World, The (documentary), 67

Sitta canadensis (red-breasted nuthatch),
eavesdropping, 156-57

Smithsonian Institution, 234

snail, sound of, 320n169

snakes, 16, 56, 99, 106, 115; alarm calls, 214;
black mambas, 115; ultrasonic signals,
189; whistling sound of royal cobra,
319n167

social amplification of information, 199

social flexibility, striped mouse, 185

social grooming, 292

social insects, ants and termites, 198-99

social intelligence, acoustic communication
networks, 154-55

social systems, rodents, 184-85

Société linguistique de Paris, 292

Soma, Masayo, cordon-bleu’s dance, 153

songbirds, model for human language learn-
ing, 159-60

song nuclei, 168
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Songs of the Humpback Whale (recording),
175

song sparrow (Melospiza melodia), learning
to sing, 165

song system, 168

Sonny and Cher, 153

Sorbonne University in Paris, 69

sound(s): frequency of, 14; intensity of,
12-13; physical nature of, 9; physics of,
100-101; producing, 99. See also acoustic
sounds

sound frequencies, formants, 118

sound triangulation, principle of, 143-44

sound waves, 9-10; air pressure variations,
11-12; analogy of circles in water, 10;
propagation media, 13; speed of, 10; vari-
ation in pressure, 13-14

source-filter theory, 116; vocalizations,
119-20

South Africa, Goegap Nature Reserve, 183
85,187

southern pied-babbler (Turdoides bicolor),
information encoded in call, 224

South Gate Campground, 203

sparrow, 147, 160; Savannah sparrow
(Passerculus sandwichensis), 162-63;
song sparrow (Melospiza melodia), 165

spear-nosed bat (Phyllostomus discolor),
vocal learning, 177

species recognition, 310n12

spectacled caiman (Caiman crocodilus), 89,
95, 230; recordings of, 114. See also
crocodiles

speed of light, 10

speed of sound, 10

sperm whale (Physeter macrocephalus), 75;
codas of, 76-77; echolocation, 335n426;
nonclick sounds, 318n147; vocalization
of, 76

Spheniscidae family, penguins, 39

Spheniscus demersus (Cape penguin/African
penguin), calls of, 283-84

Sphingidae family, 102

INDEX

spiders: communication, 200; vibrations
and sounds, 337n448

spoken language, 281; acoustic space of
humans, 283; acquisition of, 291-93;
attempts to teach apes, 287-89. See also
language

spotted hyena (Crocuta crocuta), 204;
graded vocalizations of, 206; hunting
and killing prey, 204-S; influence of
pheromones, 207; operant conditioning
protocol for voice recognition, 209-10;
recording vocalizations of, 210-11; social
organization of, 205-6; social system of,
207; vocalizations of, 207-8, 211

Spottiswoode, Claire, indicator bird, 294

squamate antbird: illustration of, 25; propa-
gation experiment, 24

stable evolutionary equilibrium, deer,
121

static, information in sound, 19

stochastic processes, 6

striped mouse (Rhabdomys pumilio): illus-
tration of, 185; social flexibility of, 185;
social systems, 184-8S; ultrasound com-
munication, 189-90; vocalizations of,
185-87

Struhsaker, Thomas, vervet monkeys, 214

Succulent Karoo Research Station, Goegap
Nature Reserve, 183-84

Sueur, Jéréme: acoustic indices of biodiver-
sity, 275-76; automating recordings, 278;
development of acoustic ecology, 279;
recording soundscape at biological sta-
tion, 271; studying songs of cicadas and
birds, 275

Sula nebouxii. See blue-footed booby (Sula
nebouxii)

superb lyrebird (Menura novachollandiae):
song imitation, 165; vocalizations, 126

surucua trogon: illustration of, 25; propaga-
tion experiments, 24

Suzuki, Toshitaka, Japanese great tit signals,
223
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swallow-tailed manakin: illustration of, 25;
propagation experiments, 24, 26

swamp sparrow (Melospiza georgiana), 110;
learning to sing, 165; vocal learning, 171

Sylvia atricapilla. See Eurasian blackcap (Syl-
via atricapilla)

syntopic species, 270

syrinx, 42; voices of the, 42

Tachycineta bicolor (tree swallow), S8

Taeniopygia guttata (zebra finches), 60

Tanjung Puting National Park, Indonesia,
280

Taylor, Peter, 114; black caiman, 91-94;
Caiman House, 93

Tchernichovski, Ofer, song system, 170-71

Tel Aviv University, 282

termites: drumming carrying information,
198-99; Macrotermes natalensis, 198; so-
cial insects, 198-99; vibrations by, 199

Terrace, Herbert, chimpanzee training, 288

Tettigoniidae family, 190

Theunissen, Frédéric, 158, 208, 327n294;
auditory memory of zebra finches,
338n46S; hyena communication, 79;
hyenas’ giggle, 209; learning process of
birds, 170; song learning, 159; testing fe-
male zebra finches, 250-51; vocalizations
of hyenas, 206, 207

Thévenet, Julie, emotions in vocalizations,
229

Thomas’s langurs (Presbytis thomasi), audi-
ence effect, 154

Thorpe, William, learning vocalizations, 159

three-wattled bellbird (Procnias tricaruncu-
latus), learning to sing, 160

thunder, lightning and, 10

Thyrophilus rufalbus (rufous-and-white
wrens), vocal behavior of, 343-344n547

tiger (Panthera tigris), vocal cords, 122

timbre, 118, 119, 308, 323n231

Tinbergen, Nikolaas, 3; animal behavior,
3-4; behavioral development question,
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85, 157; development over life, 4, 6; evo-
lutionary causes, 4, 5—6; evolutionary
history, 4, 6-7; mechanisms, 4-S; ontog-
eny of behavior, 160; question of origins,
127; questions for sound communica-
tion, 4

toads, 1, 196

toothed whales, 68; dolphins, 68, 70, 73, 75,
77; killer whale (Orcinus orca), 73-75;
sound vibrations, 109; sperm whale
(Physeter macrocephalus), 75. See also
whales

Torres, Roxana, blue-footed booby, 244

Townsend, Simon, calls of babblers,
224-25

Toxostoma rufum (brown thrasher), learn-
ing to sing, 165

transduction, hearing, 100

tree swallow (Tachycineta bicolor), chick
competition, 58

Troglodytes. See Eurasian wren ( Troglodytes
troglodytes)

Troglodytes aedon musculus (southern house
wrens), noise and, 346n581

tingara frog (Engystomops pustulosus), 110

Turdoides bicolor. See southern pied-babbler
(Turdoides bicolor)

Turdus migratorius. See American robin
(Turdus migratorius)

turn-taking, vocal exchange, 286

Tursiops truncatus (bottlenose dolphin), 64

two-voice phenomenon, penguins and,
42-43

tympanic ears, moths, 195

tympanic membrane, frogs, 107

tyrannosaurus, 6, 7

Tyto alba (barn owl), 58-59

ultrasound, 14; communication, 187; defi-
nition, 189; detector by Pierce, 190-91;
locating source of sound, 187-89; mouse
communication, 187-89; mouse produc-
ing, 186; sound intensity, 187-88
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underwater bioacoustics: bearded seal, 66—
67; cetaceans, 68—69; dolphins, 68, 70,
73,75, 77; fish on coral reefs, 67-68;
killer whale (Orcinus orca), 73-75; sperm
whales (Physeter macrocephalus), 75, 76;
whale vocalizations, 70-73. See also ba-
leen whales; whales
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University of Copenhagen, 29, 147

University of Hokkaido in Japan, 153
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University of Nebraska, 200
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