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Basic Elements of Animal Behaviour

Editor’s Introduction
The first nine chapters of this book introduce the basic concepts and the central subject matters 
required for a firm understanding of the biological bases of animal behaviour. The first chapter 
provides a historical background, which may help in understanding the questions that occupy 
contemporary ethology and its applied branches. In the second chapter, we approach the im-
portant question of how behaviour is controlled by genes (the nature–nurture problem) and also 
what this means for behavioural evolution. This chapter also describes the process of domestica-
tion, which is essential for understanding present-day domestic animals. The third chapter goes 
to some depth in describing how observable behaviour is a result of physiological processes 
throughout the body. The concept of motivation has a long history in ethology, and has proven 
to be essential for understanding the cognitive capacities and needs of animals in captivity, and 
the concept receives a detailed treatment in the fourth chapter. This leads naturally on to the 
fifth chapter, where learning and cognition are in focus. Here, considerable scientific advance 
has been made over the last decade, and this is introduced to the reader together with its rele-
vance for animal welfare.

In Chapter 6, we move towards a more evolutionary and ecological approach to behaviour. 
Social and reproductive behaviour are important elements of applied ethology, since animals are 
normally kept in groups and they are expected to reproduce. The topic of the seventh chapter is 
play behaviour, a phenomenon well-known to all, but until recently poorly understood by 
 science. In Chapter 8, the reader receives a thorough introduction to the concepts of individual 
variation and personality, of high relevance for ethology and animal welfare. Chapter 9 moves 
into the important aspects of abnormal behaviour and stress, and raises some central topics in 
contemporary applied ethology, such as how the behaviour of an animal can be used to assess its 
welfare and whether it is under stress. Furthermore, the relatively novel insights into positive 
emotions and welfare are covered. In the tenth and last chapter of this section, focus shifts to 
social interactions with the perhaps most important counterpart of domesticated animals – the 
human. Extensive research has produced some exciting new aspects on this relationship, and the 
chapter provides a broad and up-to-date introduction to this.
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The Study of Animal 
Behaviour and Its 
Applications1

1.1 Introduction
Most people have a clear conception of the meaning of the word ‘behaviour’, yet it is strikingly 
difficult to define it in a precise way. Since ethology is the science of animal behaviour, its caus-
ation and function, it is worthwhile to start with some consideration of what type of biological 
phenomena may be included in the concept. In its simplest form, behaviour may be series of 
muscle contractions, perhaps performed in clear response to a specific stimulus, such as in the 
case of a reflex. However, at the other extreme end we find immensely complex activities, such 
as birds migrating across the world, continuously assessing their direction and position with the 
help of various cues from stars, landmarks and geomagneticism. It may not be obvious which 
stimuli actually trigger the onset of this behaviour. Indeed, a bird kept in a cage in a windowless 
room with constant light will show strong attempts to escape and move towards south at the 
right timing, without any relevant external cues at all.

We would use the word behaviour for both these extremes and for many other activities in 
between in complexity. It will include all types of activities that animals engage in, such as loco-
motion, grooming, reproduction, caring for young, communication, etc. Behaviour may involve 
one individual reacting to a stimulus or a physiological change, but may also involve two indi-
viduals, each responding to the activities of the other. And why stop there? We would also call it 
behaviour when animals in a herd or an aggregation coordinate their activities or compete for 
resources with one another. No wonder ethology is such a complex science, when the phenom-
ena we study are so disparate.

But how did it all begin and how has ethology developed into the science it is today? This 
chapter will provide a brief overview of some landmarks in history and of the various fields into 
which the science has branched over the last decades. The field that will interest us most in this 
book is of course the application of ethology to the study of animals utilized by man.

1.2 The History of Animal Behaviour Studies
No doubt, knowledge of animal behaviour must have been critical for the survival of early Homo 
sapiens. How could you construct a trap, or kill dangerous prey weighing several times your own 
weight, unless you have a genuine feeling for animal behaviour? So it should not be any surprise 
that the earliest ‘documents’ available from humans – cave paintings up to 30,000 years old – are 
dominated by pictures of animals in various situations. Aristotle published written, systematic 
observations and ideas about animal behaviour more than 300 years bc (Thorpe, 1979).

One of the first to write about animal behaviour in a modern fashion was the British zoolo-
gist John Ray. He published in 1676 a scientific text on the study of ‘instinctive behaviour’ in 
birds. He was astonished by the fact that birds, removed from their nests as young, would still 
build species-typical nests when adult. Ray was unable to explain the phenomenon, but noted 
the fact that very complex behaviour could develop without learning or practice. Almost 
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100 years later, French naturalists had an important influence on the development of the science. 
For example, Charles Georges Leroy, who was not a formally trained zoologist, published a book 
on intelligence and adaptation in animals. Leroy heavily criticized those philosophers who spent 
their time in their chambers, thinking about the world, rather than observing animals in their 
natural environments. Only then, he argued, would it be possible to fully appreciate the adaptive 
capacity and flexibility in the behaviour of animals (Thorpe, 1979). Figure 1.1  illustrates the 
typical nest-building behaviour of a sow.

Another 100 years on, two important scientists deserve to be mentioned. The first is the 
 British biologist Douglas Spalding, who published a series of papers on the relationship between 
instinct and experience. Spalding was way ahead of his time in experimental approaches. For 
example, he hatched eggs from hens by using the heat from a steaming kettle, in order to exam-
ine the development of the visual and acoustic senses without the influences of a mother hen 
(Thorpe, 1979). The second important scientist is no one less than Charles Darwin.

Darwin is probably the person who has had the most significant influence on the develop-
ment of modern ethology – in fact on all modern biology. Most people know him as the father 
of the theory of evolution, which in itself, of course, is the foundation for any study of animal 
behaviour. However, he also approached the subject more directly, and his last published work 
in 1872, The Expression of the Emotions in Man and Animals, was probably the first modern work 
on comparative ethology.

1.3 The Schools of the 20th Century
In the beginning of the 20th century, behavioural research grew fast. However, the development 
in the USA and Europe took different directions. American researchers were influenced by the 
behaviouristic approach, developed by people such as John B. Watson and later Burrhus Frederic 
Skinner. Their work was focused primarily on controlled experiments in laboratory environ-
ments and their subject species par préférence were rats and mice. At the centre of their interest 
were the mechanisms of learning and acquisition of behaviour through reinforcement or 

Fig. 1.1. A sow needs no prior experience to be able to construct an elaborate nest before farrowing. ‘Instinctive 
behaviour’ such as this fascinated early behavioural researchers.
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 punishment (Goodenough et al., 1993). The behaviouristic research was concerned with finding 
general rules and principles of learning, and there was a strong belief that such rules were inde-
pendent of context. Therefore, the evolutionary histories of the study subjects, or their ecological 
ways of life, were regarded as irrelevant for the research.

In contrast, in Europe the development of the science was dominated by naturalistic biolo-
gists, who spent most of their time observing wild animals in nature. Birds and insects were 
 favourite subjects, and these researchers were mostly interested in instinctive, innate and  adaptive 
behaviour. One of the pioneers was Oskar Heinroth, who first started to use the term ‘ethology’ 
with the meaning we give it today (Thorpe, 1979). The naturalistic behavioural biologists shared 
an important approach with the behaviourists. They were not particularly interested in mental 
processes or emotions that may be associated with behaviour. Such processes were often regarded 
as unavailable for scientific research, since they were not considered to be observable. Only 
much later has a scientific interest in mental processes emerged, something that will be dealt 
with more in later chapters in this book.

In the footsteps of Heinroth, we meet two scientists whose influence over modern ethology 
cannot be overemphasized: Niko Tinbergen in Holland and Britain, and Konrad Lorenz in 
 Austria. Tinbergen developed a field methodology of high exactness. He designed experiments 
in which details of the environments of free-living animals were altered and their behaviour 
could be recorded. He was a true pioneer in experimental ethology (Dawkins et al., 1991). Lorenz, 
on the other hand, did not go much into nature, but rather bred his experimental animals 
himself and kept many of them almost as pets. He rarely conducted elaborate experiments and 
was not prone to quantitative recordings. The strength of Lorenz was on the theoretical level. He 
formulated many of the fundamental ideas in ethology, and developed the first coherent theory 
of  instinct and innate behaviour (Goodenough et al., 1993).

Lorenz and Tinbergen definitely placed ethology on the solid ground of well-accepted 
 sciences when they, together with the German researcher Karl von Frisch, were awarded the 
1973 Nobel Prize in medicine and physiology.

1.4 Modern Approaches to Ethology
From the 1960s onwards, ethology developed into the science it is today. This was guided to a 
large extent by the research programme formulated by Tinbergen, which is still generally 
 accepted as the fundamentals of ethology (Tinbergen, 1963; Dawkins et al., 1991). This pro-
gramme is frequently referred to as ‘Tinbergen’s four questions’ and the four aspects of behaviour 
that he used to define the field of ethology were:

 1. What is the causation of the behaviour? The answer to this question refers to the immediate 
causes, such as which stimuli elicit or stimulate certain behaviour, or which physiological vari-
ables, such as hormones, are important in the causation.
 2. What is the function of the behaviour? In this case, the answer describes how the behaviour 
adds to the reproductive success, the fitness, of the animal. It therefore has to do with evolution-
ary aspects and consequences.
 3. How does the behaviour develop during ontogeny? Studies on this question aim at describing 
the way behaviour is modified by individual experiences.
 4. How does the behaviour develop during phylogeny? This is a clearly evolutionary question, and 
usually calls for comparative studies of related species.

Whereas early ethology was occupied mainly with causation, ontogeny and phylogeny, the 
research during the 1960s and onwards became increasingly focused on the functional question. 
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Researchers have outlined new theories on how behaviour evolves through individual selection 
at the gene level, and have provided formal mathematical models for how the functional aspects 
of behaviour could be determined. The impact of this approach on contemporary animal 
 behaviour science has been tremendous.

One aspect that was not covered by Tinbergen’s questions is what animals perceive, feel and 
know in relation to their own behaviour. As mentioned earlier, this aspect of animal behaviour 
was largely considered to be inaccessible to science. However, other scientists have developed 
methods and concepts to allow investigation into this area. This has led to a new branch of the 
science, emerging in the 1970s, known as cognitive ethology (Bekoff, 2000) (the word cognition 
means subjective, mental processes – or thinking).

1.5 Applied Ethology
Even early in the development of ethology, it was apparent that the new insights into the biology 
of behaviour could be of great value in understanding more of the behaviour of domestic ani-
mals. This branch of science saw a dramatic expansion as the debate on animal welfare in so-
called factory farming (a concept coined by the influential writer Ruth Harrison) took off in the 
1960s. However, applied ethology is not only concerned with animal welfare. Let us look at a 
few areas of interest.

Welfare assessment
There is no doubt that the welfare of animals on farms, in zoos and in laboratories dominates the 
interest of most researchers in the area. The problems may be formulated for example like this: 
many laying hens in the world are kept in cages made of wire mesh, with very little space avail-
able for the animals and almost no substrates for carrying out many of the species-typical behav-
iour patterns of poultry (see Fig. 1.2). So, which are the most essential behaviour patterns for 
laying hens? Perhaps it is being able to dust-bathe, or to perch during night, or to perform nest 
building and lay eggs in a secluded area. All these are typical poultry behaviours, and there may 
be others as well. How are the animals affected if they cannot behave like this? Can the activities 
be rated in any order of importance to the animals (Appleby et al., 1993)?

On the other hand, a common alternative to battery cages is a floor system with thousands 
of hens in one big group, sometimes with quite high stocking rates. In this situation, some un-
wanted behaviour (which can be present both in cages and in floor systems), such as feather- 
pecking or cannibalism, might cause great harm to the animals. So, is it better for the hens to be 

(a) (b)

Fig. 1.2. Battery cages (a) and floor housing systems (b) both cause behavioural problems for laying hens. To estimate 
the relative importance of different behaviours to animals, thereby allowing better decisions regarding choice of 
housing systems, is one important goal of many researchers in applied ethology. (Photos courtesy of Per Jensen.)
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in a situation where they can perform all the activities mentioned above, but where the social 
system may collapse and abnormal behaviour may spread widely (Hansen, 1994)?

Difficult questions such as these are important aspects of welfare assessment – only rarely do 
all indices point in the same direction. In this book, Chapter 9 will examine these aspects further 
and describe some of the methods researchers have developed to try to answer such questions.

Optimizing production
Farm animals are kept to produce food and other essentials for humans, and farmers need their 
enterprises to be profitable. It is therefore important that the difference between the value of 
what the animals produce (e.g. amount of milk or meat) and the cost the farmer incurs for this 
production (e.g. feed, investments and labour) is sufficiently high.

By taking knowledge of animal behaviour into account, such optimization may be easier to 
achieve. For example, animals may utilize their feed better if they are fed according to their 
species-specific feeding rhythm and in a social context that is adapted to the species (Nielsen 
et al., 1996). Social animals may eat more and digest the food better when all in a group are 
 allowed to feed at the same time.

Social animals that are kept in individual housing systems may be poorer at transforming 
feed into valuable products. Likewise, husbandry routines applied at a biologically inadequate 
time may decrease the production rate of the animals. Young piglets that are weaned from their 
mothers too early and in an abrupt manner show a decreased growth curve, and mixing of pig-
lets after weaning may also have negative results on production (Algers et al., 1990; Pajor 
et al., 1991).

Behavioural control
The essence of keeping animals in captivity is to control their behaviour – by preventing them 
from escaping, to control their breeding and making them adapt to the housing environment. 
The control is achieved largely by direct human actions, but also by using technical equipment.

A growing interest has been paid to the nature of human–animal interactions. For example, 
researchers have investigated how animals perceive humans and how they remember experiences 
with human behaviour. This may help farmers and others to interact more smoothly with their 
animals (Hemsworth and Barnett, 1987).

An increasing trend in animal farming is to use technical inventions in animal husbandry. 
For example, group-housed pregnant sows are often fed from an electronic feeding station, 
which the animals to some extent are required to control themselves. The sows are equipped 
with transponders that allow them to open the feeding stations and obtain their individual feed 
rations. However, such systems must be carefully designed to avoid problems. For example, the 
social hierarchy of a group of sows may lead to some individuals occupying the feed entrance, 
biting and wounding other animals and thereby destroying the functionality of the system. By 
means of ethological knowledge, technical equipment can be designed to work better for the 
animals (Broom et al., 1995).

Behavioural disorders
Housing systems such as those described earlier, malfunctioning technical equipment or poor 
human management may all lead to various behavioural disorders. Aggression levels may be-
come excessively high, dramatic behaviour such as cannibalism may develop, and several other 
types of abnormal behaviour may be seen as well (Lawrence and Rushen, 1993). This is not only 
the case for farm animals. Many pets develop unwanted and abnormal behaviour, such as owner- 
directed aggression, uncontrolled urination and defecation in the home, or anxiety-like states.
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The characterization and understanding of abnormal behaviour is a central aspect of applied 
ethology. Sometimes the behaviour can be cured by behavioural therapies, such as enrichment 
of the home environment or stimulation of other behaviour. At other times, research can provide 
insights that may help prevent the behaviours from ever developing.

Behaviour and conservation biology
Animal species are going extinct or becoming threatened at an accelerating rate, largely as a con-
sequence of human activities. This includes hunting, pollution, climate change, habitat loss and 
introduction of foreign species and diseases. Any countermeasure against this will be greatly 
helped by a thorough understanding of the behaviour of the species under concern.

There are essentially two main fields of animal conservation biology. In in-situ conservation, 
the focus is on improving the environmental conditions in the natural habitat of the species to 
the extent that the species will be able to survive where it lives. In ex-situ conservation, on the 
other hand, animals are taken from the wild to be reared and bred in captivity with the goal of 
eventually reintroducing their progeny when suitable habitats are available.

For in-situ programmes, knowledge is required about, for example, normal social structures, 
foraging strategies and mating behaviour of the species. Unless such things are known, efforts to 
rescue the environmental conditions may prove futile, since it is not possible to prioritize 
 measures in relation to the needs of the species. Furthermore, behaviour can provide essential 
indicators for monitoring populations (Berger-Tal et al., 2011). Knowing the normal movement 
patterns, vigilance and territoriality of a species can provide alarm signals when something in the 
habitat causes drastic changes in the population.

With respect to ex-situ conservation, the above-mentioned topics of ethological knowledge 
are of course equally important but, on top of that, applied ethology can provide other import-
ant insights. For example, the captive environment will always be a compromise between the 
needs of human caretakers and those of the animals. In addition, not only is behaviour import-
ant to consider, but also things such as health and hygiene. Sometimes, the ambition to keep 
animals fit and free from disease can be in conflict with their behavioural needs. It may be diffi-
cult to offer the right food in the species-specific manner, and the possibility to use sufficiently 
complex cage environments may be in conflict with cleaning needs. Here, applied ethology can 
offer helpful insights to aid in designing the best captive environments possible.

A fine example of successful contributions from ethology to animal conservation is the case 
of the North American whooping crane (see Fig. 1.3), which at one point was almost extinct. An 
extensive ex-situ conservation programme utilizing ethologically founded rearing methods was 
coupled with ambitious in-situ field studies after reintroduction to gradually improve the 
 breeding (Kreger et al., 2005). This has led to an impressive recovery of the population.

1.6 The Field of Applied Ethology
As should be clear from these accounts, ethology is a science that may offer many different sorts 
of applications in situations where humans utilize or are responsible for animals for various pur-
poses. Whereas animal welfare assessment clearly dominates in the applications of this science, 
it is by no means the only way in which knowledge of behaviour can be used.

Applied ethologists are normally concerned with all four of Tinbergen’s questions. The 
 causation and ontogeny of behaviour are essential aspects of understanding, for example, how 
abnormal behaviours develop and how they can be prevented. Phylogeny and function of behav-
iour are often less emphasized, but many studies have advanced our understanding of domestic 
animal behaviour greatly by considering how it can have evolved in the ancestors and how it may 
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(a)

(b)

Fig. 1.3. The whooping crane, a charismatic North American bird species (a), was saved from extinction after 
 intense work with ex-situ breeding and ethological fieldwork (b) to get a detailed picture of the natural behaviour of 
the species. (Photos courtesy of Inma Estevez (a) and Michael Kreger (b).)
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have been affected by domestication (Fraser et al., 1995). Experimental studies tend to domin-
ate, but important scientific data have been made available through studies of domestic animals 
in wild-like conditions (which will become obvious in Chapters 11–19, where accounts are 
given of the normal behaviour of some important domestic species).

In the optimal situation, applied ethology research concerns all the fields outlined above. 
They are all interlinked: poor human–animal, or equipment–animal, interaction may cause poor 
welfare, which in turn leads to behavioural disorders and reduced production, or reduced ability 
to reproduce in captivity in the case of ex-situ conservation. Applied ethology is therefore an 
 essential part of the proper keeping and rearing of animals. And last but not least: as will become 
obvious in this book, understanding the behaviour of domestic animals is a fascinating aspect of 
biology in its own right.
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