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PREFACE

To write a book, . . . can be a “vital joy”, but a joy
which is inevitably united with the thorns of anxious
care. It is not a contribution to perfection. . . . To
write anything worth writing is to arouse opposition,
controversy . . .

John Passmore

The Perfectibility of Man

More than a million species of animals have been
named. The behavior of some thousands, from
Protozoa to Primates, has been described in detail.
The descriptions appear in tens of thousands of
papers and monographs, of which most have been
published since 1950. During this period the theo-
ries of ethology have gone through a complete up-
heaval.

In this book I try to give an orderly account of
the most important findings in ethology. I define
ethology as the science of animal behavior. The
word has then the same status as “ecology” or “ge-
netics”: it denotes a major subdivision of biology. I
do not limit ethology to study by a particular
method, or to social interactions, or to the views of
a single school; and four chapters on ‘“learning”
(part IIT) are largely based on the work of experi-
mental psychologists. I hope the book will be used

by undergraduates and young graduates, and by
their teachers, in all kinds of study of behavioral
science.

In parts II, III, and IV behavior is classified
mainly by its functions. Within chapters or sections
the examples are sometimes arranged taxonomi-
cally. Certain examples could have been put in any
one of several chapters. For instance, reproductive
behavior is described in chapter 9, but it also ap-
pears in chapters 17 and 18. Similarly, bird song is
discussed in chapter 12, before the general topic of
communication is reached in chapter 13. There is
no long segment of the book on the physiology of
behavior, despite its importance; instead, physiolog-
ical topics appear in many chapters. Nor is there a
separate discussion of ecology and behavior; but
ecological relationships turn up throughout the
book. Other arrangements could have been used,
but this one seemed the most convenient.

Most recent writings on ethology contain echoes
of theories or concepts that are going out of use.
These, and the ideas that are replacing them, are
mentioned in many places; but the theoretical foun-
dation of ethology is discussed mainly in chapters
16 through 19. This involves some repetition, which
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is deliberate. The fragments of the history of ethol-
ogy, given especially in chapters 17 and 18, will,
I hope, help to guide readers through important
writings that use concepts we are now giving up.

Among the many matters of debate, three are im-
portant in all branches of biology. No account of
modern ethology is complete without them. First is
the question of heredity and environment. This sub-
ject not only causes violent argument in its applica-
tion to human beings: it is also a source of confu-
sion even when no social implications arise. It pre-
sents severe conceptual difficulties that I try to meet
especially in chapters 16 and 17: these chapters
give an epigenetic account of the development of
behavior, in which the interaction of nature and
nurture is analyzed.

Second, there is the question of reductionism:
should we expect eventually to reduce all behavior
to physiology (and physiology, in turn, to chem-
istry . . .)? In this book I treat both analysis at
the behavioral level and also “reduction” to physi-
ology as essential: neither can replace the other.

Third and last, the fact of evolution and the
theory of natural selection are part of the foundation
of ethology. Emphasis on evolution is sometimes
thought to be in conflict with an epigenetic interpre-
tation, but in fact the two themes are complemen-
tary. At the same time, the role of evolutionary
ideas in ethology needs to be examined critically. I
try to meet this need in chapter 18.

There is much debate also on whether a “human
ethology” is possible. Students are often confused
about this, with good reason. Part V is therefore on
the human species, and there I try to give clear
statements on questions of method. Readers in-
terested only in conventional ethology should skip
this part; but those concerned with the relation-
ships of ethology with other disciplines will prob-
ably concentrate on chapters 8 and 14—19. Human

behavior is also mentioned in other places in the
book, whenever ethological methods seem to bear
on human problems.

When there are rapid changes of ideas, there are
also alterations in the meanings of words. Terms
such as territory, dominance, imprinting, and habit-
uation are used in different ways in different publi-
cations. I have tried to provide unambiguous and
convenient definitions of all key terms, and to stick
to the definitions throughout the book. These terms,
and some others in common use that I do not recom-
mend, are listed in the glossary.

One result of emphasizing definitions is that one
becomes an easy target for adverse comment. I
have been taken to task for using words, such
as concomitant, propensity, and even orientation,
without defining them. But these words are used
with their ordinary meanings, given in any diction-
ary. The object of carefully defining key terms is
to avoid ambiguity and obscurity.

Most of the work cited has appeared since 1950,
but few items dated later than 1978 have been in-
cluded. Nearly every section has references to re-
cent reviews that give full information on sources.
But many passages describe single researches: a ref-
erence is then given to the primary source—usually,
a paper in a journal. Whenever an author’s name is
mentioned in the text or in a caption, there is a
corresponding entry in the bibliography. Dates are
given only when an author has more than one entry.

A textbook can be treated as a source of facts.
This one contains many facts, some very strange.
But studying a new subject can also lead to new
attitudes. Some readers will perhaps appreciate,
more than before, the variety and fascination of the
ways in which animals live, and will have their curi-
osity further aroused. They may then be led to apply
for themselves the scientific methods used to learn
about behavior.
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I should not like my writing to spare other people the
trouble of thinking. But, if possible, to stimulate
someone to thoughts of his own.

Ludwig Wittgenstein
Philosophical Investigations
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THE SCIENCE
OF BEHAVIOR

I try to act and think on the hypothesis that all hap-
penings are in principle explicable, and that, in so far
as they are not completely explicable, this is because
they consist of too many details for a human mind to
grasp, and not because either the details or their pat-
tern are beyond the scope of human reason.

J. B. S. Haldane (1963)

The science of animal behavior has special attrac-
tions, but it also puts unusual demands on our un-
derstanding. Everyday speech includes presump-
tions about animals which, for scientific analysis,
have to be discarded. It is natural to say of a
captive animal that it wants freedom. Or, if an
adult animal exposes itself to danger through car-
ing for a young one, we may exclaim at such self-
sacrifice or altruism. And when a pest contrives to
remain alive, despite efforts to kill it, we may re-
mark on its intelligence.

All such ways of speaking can hinder under-
standing. All are examples of anthropomorphism,
or of assuming that animals may be adequately de-
scribed as if they had human needs, feelings, or
abilities. Here are some examples of behavior ex-
plicable only if we discard such presumptions.

1.1 QUESTIONS OF METHOD
1.1.1 Needs and Feelings

The first concerns a herd of roe deer, Capreolus
capreolus, kept in a paddock in a Swiss zoological
garden. H. Hediger describes how a gate was care-
lessly left open, and the deer disappeared into a
nearby forest where others of their species already
lived. They had therefore escaped into an environ-
ment in which they could easily survive. Yet, soon
afterward, the herd returned to the paddock. In
human terms, it was as though prisoners, after
making their escape, voluntarily returned to cap-
tivity. How can we explain this odd behavior? Here
are some suggestions. Many mammals live in a
well-defined region to which they cling as long as it
provides needs such as food, shelter, and compan-
ionship. The return of the deer may be classified as
an example of an attachment to a particular (satis-
factory) region. We may also suspect that the habit
of feeding in the paddock had some influence. If
so, what induced the herd to move out? A possible
answer is that the animals were exploring. Despite
their attachment to an area, many animals are also
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exploratory: they range quite widely, even though
they regularly return to a home or center.

A critical reader will notice that these “explana-
tions” are all hypothetical: they suggest reasons for
the behavior observed, but provide no evidence.
Such a reader may also have thought of additional
hypotheses. For example, the deer may have been
driven from the forest by the herd already in occu-
pation. (If so, this would be an example of terri-
torial behavior.) To account fully for what hap-
pened, experiments would be needed. But in this
case no appropriate experiments were carried out.
Hence all we can do is to propose explanations that
seem likely from our general knowledge of animals.

Any person interested in animals is likely to ob-
serve or to hear of similarly strange and unexpected
acts. Fortunately, some have been quite fully ana-
lyzed. Of all species, the honey bee, 4 pis mellifera,
is among the most intensively studied (C. G. Butler;
K. von Frisch, 1967; M. Lindauer, 1961; C. R.
Ribbands). This animal is elaborately social, and
has inevitably been described in human terms. In
each colony one bee is larger than the rest and is
surrounded by a number of attendants (figure 1-1).
It was accordingly called the king. In Shakespeare’s
Henry V an archbishop says:

They have a king and officers of sorts;

Where some, like magistrates, correct at home,
Others, like merchants, venture trade abroad,
Others, like soldiers, arméd in their stings,
Make boot upon the summer’s velvet buds.

But in the 17th century it was noticed that the king
lays eggs. She therefore came to be called the
queen. She is, however, not much like a human
queen: she is the only fertile female, and all the
other bees in the colony are her offspring.

This instance of anthropomorphic terminology
is in itself harmless: nobody is misled by it. The

FIGURE 1-1 Queen bee, Apis mellifera, on a comb and
surrounded by a group of workers. She secretes odor-
ous substances that attract workers and impel them to
feed her. (Courtesy Norman E. Gary)

same applies to a statement, published in 1823 and
quoted by Frisch, that bees sometimes “indulge in
certain pleasures and jollity, and . . . at times
they even set about a certain dance after their
fashion.” But such statements imply presumptions
that can interfere with understanding. If the queen
is removed from her colony, the conduct of the
others gradually becomes disorganized. The change
can be detected by an altered buzzing sound. In
the 19th century, one observer wrote of the “low,
mournful lament” of the bees deprived of their
monarch. In contrast, modern experimental meth-
ods have told us something of how the change
comes about. If a queen is isolated in a miniature
cage, inside the hive, and the workers can touch
her with their antennae and mouth parts, no such



disturbance occurs. Further experiment reveals se-
cretions from the queen bee that are passed on
among the workers and regulate their behavior.
The best known of these chemical agents, queen
substance, trans-9-keto-2-decenoic acid, not only
ensures ordered behavior by the workers but also
prevents the workers from developing ovaries. Only
queens and the males (drones) have functioning
gonads.

Accurate information on bee societies has been
gained by painstaking observation and the use of
quantitative methods from the physical sciences.
For some purposes, even when we are concerned
with behavior, it is convenient to treat an animal
as a chemical system. Many advances in the under-
standing of behavior have depended on applying
such methods. The result is an account often of
marvels, but one that is detached, objective, and
perhaps, to a newcomer to science, disconcerting.
A description in more familiar terms is often more
readable. Indeed, a leading entomologist, E. O.
Wilson (1975), describes the role of a queen bee
as a “gentle despotism”; and he writes of the “self-
less” contribution of the workers to the upkeep of
the colony. In another passage, on ants of the
genus Pheidole, in which there are several “castes”
(another well established anthropomorphism), he
contrasts “the brutish soldiers . . . distinguished
by an extremely limited repertoire of responses,
and their versatile, nimble nestmates of the minor
worker subcaste.” Such expressions can make
scientific writing more readable. One hopes that
readers do not take them seriously.

Insects are so remote from ourselves that it is
easy to reject the notion of a queen bee as a bossy
female. Greater difficulties arise when we are deal-
ing with domestic animals. Here, adopting a mat-
ter-of-fact attitude can produce unexpected conclu-
sions. In Britain, under the law on “vivisection”,
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animals may not see other animals being killed.
The attribution of human feelings to laboratory
animals is obvious. It is also, at least for some
species, inappropriate. Nobody who has dealt with
laboratory rats or mice can suppose that the death
of a rat or mouse under an anesthetic would have
any significance for other rats or mice. (The dead
body, however, would have significance: given the
chance, the survivors would probably eat it.)

This is an example of the way in which good
intentions are ill directed in the absence of knowl-
edge. But, when we face questions of animal wel-
fare, there are great problems in acquiring the
necessary knowledge. We cannot ask an animal, as
we would a human being, what it likes or dislikes.
Or, at least, we cannot do so by verbal means. As
Marian Dawkins (1977) shows, there is at least
one kind of procedure by which we can, in effect,
ask questions of animals. She is concerned with the
confinement of hens in battery cages. Such cages
look cruel: the hens are shut up permanently in a
small space, and they can do little more than eat,
drink, sleep, and lay eggs. Some hens were there-
fore given continuous access both to a commercial
battery cage and to a large pen: the hens showed
no preference. But other hens, allowed access to an
outside hen run, preferred the run to a cage; this
preference, however, was much influenced by the
previous experience of the hens. In this rather un-
usual study the methods of experimental ethology
are applied to a question concerning humane treat-
ment of domestic animals.

In general, the confinement of wild or domestic
animals in cages, pens, or other enclosures raises
many questions, some of which I mention above in
the account of the roe deer that escaped. To us a
cage is a prison—something from which to escape.
Yet for a captive animal it may be a home and a
refuge. When my colleagues and I were studying
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confined colonies of wild rats, Rattus norvegicus,
the members of one group gnawed their way
through a concrete floor and escaped into a neigh-
boring farm. There they caused us some embar-
rassment by killing and eating the chickens. But
they regularly returned to their proper home; and,
by choosing the right moment for blocking the es-
cape tunnel, we were able to confine them all
again. Many mammals and birds occupy well-
defined regions, each of which constitutes in itself
a kind of prison; but occupation is unforced, and
removal may even be resisted. Our own prefer-
ences are not a reliable guide to what is good for
other species.

1.1.2 Morals

Expressions such as “brutish soldiers”, applied to
ants, remind us that throughout history animals
have been used as examples of moral rather than
scientific laws. The fables of Aesop and the bes-
tiaries of the Middle Ages (figure 1-2) are well-
known. Modern writers have maintained the tra-
dition. Rudyard Kipling (1860-1939) wrote an
entertaining short story, “The Mother Hive”, in

FIGURE 1-2 Animals as a source of moral instruction.
A white goose (Anser?) exhorts a black bird (species
uncertain). (After the Dialogus Creaturarum; from W. Ley,
Dawn of Zoology, 1968)

which a colony of bees becomes infested with para-
sites. Although Kipling draws on his experience as
a beekeeper, his story is presented as fiction. The
parasites (which include the wax moth) are not
put forward as examples of ecological relation-
ships, but as agents of moral degeneracy.

Here, to compare with Kipling’s fantasy, is an
account of an actual nest parasite, studied by Bert
Holldobler (1969, 1970). Beetles of the genus
Atemeles live in and on colonies of ants, Formica
(figure 1-3). The beetles find the ants by mov-
ing around until they detect the odor of an ant
colony. They then move upwind, and so reach their
target. At the nest entrance a beetle must first pre-
sent an ant worker with secretions from an “ap-
peasement gland” at the tip of th: abdomen. The
ant feeds on the secretion, and seems to become
tranquilized. The ant then refreshes itself from the
“adoption glands” further forward on the abdomen,
after which it usually carries the beetle into its
nest. Inside the nest the beetle is fed by the ants;
it stimulates them to regurgitate food, as if to a fel-
low ant, by providing tactile stimuli like those used
by the ants among themselves. Such experimental
findings make strange ways of living still more
fascinating; at the same time, they leave moral is-
sues where they belong, in human society.

Nonetheless, few of us can resist resemblances
to man in other species. Figure 1-4 shows how a
female hornbill, Buceros rhinoceros, is confined to
her nest during the breeding season, while the male
feeds her through a hole. In the past the wall has
been assumed to be an analog of that surrounding
a harem; hence the cock bird has seemed to be an
extreme example of male chauvinism. But actual
observation has shown the wall to be built by the
female (Hugh Whistler). The reader is free to de-
vise her or his own analogy for that.

People have a tendency to project not only their



FIGURE 1-3 Above, the larva of a beetle, Atemeles
pubicollis, feeds on the larvae of an ant, of the genus,
Formica, in whose nest it lives. Below, an adult ant, in-
stead of destroying the parasite, feeds it as if it were a
larva of its own species. The beetle evidently has an
odor which resembles that of an ant larva. (Turid
Holldobler)

moral principles onto other species, but also hu-
man impulses which they dislike. As Vernon Reyn-
olds (1967) shows, our nearest relatives, the Pri-
mates, are convenient for this purpose. G. L. Buffon
(1717-1789) gives a dramatic account of the fe-
rocity and passionate nature of apes, which lead
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them (he says) to kill every male Negro they meet
and to abduct every woman (figure 1-5). Here, in
contrast, is a terrifying incident recorded by a mod-
ern observer. A full-grown chimpanzee charged
straight toward him; it came to within a few meters,
suddenly stopped, picked up a young chimpanzee,
and rushed off again.

Some writers give the impression that the moral
principles that bind human societies apply directly
to the social conduct of other species. Human be-
ings are often altruistic: they choose to act in ways
that benefit others even at a cost to themselves. To

FIGURE 1-4 The mating system of a hornbill, Buceros
rhinoceros: the female is walled up in a tree while she
lays her eggs, and the male feeds her through a narrow
hole. Is this an analog of extreme male chauvinism?
(Drawing copyright © 1974 by Turid Hélldobler. Repro-
duced from Animal Architecture by K. von Frisch by per-
mission of Harcourt Brace Jovanovich, Inc.)




