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All of those who have an interest in livestock production or companion animal management and breeding –
including every farmer, pet-owner and veterinary surgeon – need to know about domestic animal behaviour
in order that they can carry out their jobs and care for their animals properly. All of these people and all
consumers of farm animal products have to consider their moral stance in relation to domestic animal
welfare, and require precise information about that welfare in order to do this. This book is a comprehensive
guide to the behaviour of domestic animals that provides practical information for those involved with
farming, pet animals and veterinary work. It also reviews the scientific information that is available
concerning the assessment of animal welfare, and the evaluation of the effects on animals of genetic selection
and of different management methods and housing conditions. Such assessment necessarily involves
measurement of physiology, disease state and production, as well as behaviour.

Farm animals are very good subjects for behaviour studies, so many important advances in our
understanding of fundamental aspects of animal behaviour have come from farm animal behaviour studies.
Concepts concerning social structure, behaviour development, learning, cognition, parent–offspring
relationships, sexual behaviour and the role of behaviour in coping with adversity have depended greatly on
evidence obtained from farm animal studies. Studies of companion animals have also been important in
these areas and the rapidly developing field of anthrozoology, which includes interactions between humans
and other species, has depended greatly on studies involving pets. If evolutionary questions are being asked,
the changes in the species during domestication must be taken into account, but domestic animals have the
same range of behaviour as wild animals. It is easy to obtain data about behaviour from farm animals: they
are available in large numbers and are often genetically very similar to one another. Companion animals are
especially suitable subjects for work on learning, behaviour development and social interactions with
conspecifics and humans. Our understanding of domestic animal behaviour and welfare, however, is much
enhanced by ideas based on studies of the behaviour of wild animals, laboratory animals and man. The
results of work on a variety of species helps us to have an adequate appreciation of the mechanisms
underlying domestic animal behaviour.

Precise scientific studies on animal welfare are now sufficient to form an important part of the evidence
upon which laws can be based. In these circumstances, those who are learning about, keeping up to date
with or legislating upon livestock farming, veterinary medicine or applied biology need a source of
information about the current state of our knowledge of domestic animal behaviour and welfare. This
text provides that information in a way that is easy for the beginner to understand, but which includes
discussion of complex topics and reference to the literature relevant to that area. Hence, as well as being
useful to breeders, farmers, agricultural advisors, pet owners, pet trainers and veterinary surgeons, it is
suited to a comprehensive university or college course on behaviour science as applied to domestic
animals.

This book substantially extends the coverage of the third edition, in that information is provided about
the behaviour and welfare of dogs, cats, rabbits, animals kept for fur production, farmed fish, turkeys, ducks
and geese. Therefore, all major farmed animals and companion animals are considered. The text revision has
been carried out by Donald Broom, with photographs from Andrew Fraser and Donald Broom. After
introducing the concepts of behaviour and welfare, behaviour management, animal marking, learning,
motivation, evolution and welfare assessment are all considered. There then follow sections on the various
aspects of individual, social and reproductive behaviour. The humane control of domestic animals, welfare
and disease and the various kinds of abnormal behaviour, are then described. In the final nine chapters, the
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welfare of different species is discussed. We should acknowledge scientific pioneers, so the references in the
text include those who had key ideas, even if they were published many years ago. The book is illustrated
with many photographs and includes a comprehensive bibliography and a glossary.

D.M. Broom, MA, PhD, ScD, HonDSc, HonDr
Professor of Animal Welfare

Centre for Animal Welfare and Anthrozoology
Department of Veterinary Medicine

University of Cambridge, UK

A.F. Fraser, MRCVS, MVSc, FIBiol
Formerly Professor of Surgery (Veterinary)

Memorial University of Newfoundland, Canada
and

Formerly Editor-in-chief,
Applied Animal Behaviour Science
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1 Introduction and Concepts

The farming of animals has played an important
part in the development of human civilization.
Food, clothing and transport are obtained by man
from a wide variety of species (Broom, 1986a;
Messent and Broom, 1986; Clutton-Brock, 1994;
Hall and Clutton-Brock, 1995). It is thought that
humans have had an even longer relationship with
wolves, or dogs as we now call one form of wolf
(Clutton-Brock, 1999). This relationship, which
may be called wolves domesticating humans just as
correctly as humans domesticating wolves (Broom,
2006a), seems likely to have been mutually benefi-
cial to both species, as has other domestication (see
Chapter 5). Dogs, cats, other companion animals
and many farmed animals have long been treated
as companions and viewed with affection by those
whose job it was to care for them. Good stockman-
ship has always involved knowing how to respond
to the behaviour of animals when handling them or
identifying their problems.

By the start of the 20th century, farm animal use
had increased with the expansion of the human
population and consumption of animal products.
Animals began to be kept in concentrated popula-
tions and, prior to 1970, intensive animal
husbandry had arrived in the form of close confine-
ment for cattle, pigs and poultry under new
husbandry systems. The innovations in manage-
ment are characterized principally by larger live-
stock numbers kept together in markedly reduced
space. Such conditions have effects on disease trans-
mission and they require considerable physiological
and behavioural adaptation by the animals (Broom,
2006a). It has been assumed that the animals could
adapt to the environmental restrictions, but both
adaptation and failure to adjust have come to be
recognizable when welfare is assessed. Substantial
new knowledge of the behaviour of livestock under
intensive husbandry systems is therefore needed to
assess these systems of management. This knowl-
edge can then be applied in the agriculture industry

in order to improve production and welfare. Many
of the current animal husbandry problems are not
soluble by investigation of nutrition, body physiol-
ogy or disease control, but require investigations of
the behaviour of the animals before progress can be
made towards a solution.

The attitude of people to the domestic dog
(Serpell, 1995) ranges from the animal that is a
source of vicious and unprovoked attacks on chil-
dren, a source of serious pollution of our streets and
of serious disease risks, to the animal that is a
family member, an archetype of affectionate fidelity
and a source of unconditional love. People who use
animals as companions, or for some form of work
or entertainment, are aware of the behaviour of the
animals. In some cases, the behaviour is not what
the people want and is viewed as a problem. In
other cases the behaviour is the reason why the
animal is useful, whether or not this use results in
good welfare in the animal. Behaviour can be an
indicator of good or poor welfare in any animal.
The term ethology means the observation and
detailed description of behaviour with the objective
of finding out how biological mechanisms function.

The scientific study of animal behaviour has
proceeded very rapidly during the last 40 years.
Some of the changes in ideas that have occurred
during this development are described by Jensen
(2002a). There have been substantial recent
advances in the precision of behaviour description
and the understanding of behaviour organization
in relation to physiological and evolutionary
processes. Modern techniques in ethology and in
experimental psychology mean that we now have a
much more extensive knowledge of sensory analy-
sis, motor control, hormonal effects, motivation,
body maintenance behaviour in good and difficult
conditions, reproductive behaviour and social
structure. This knowledge and several other tech-
niques relevant to animal welfare assessment are
now being applied to domestic animals.

© CAB International 2007. Domestic Animal Behaviour and Welfare, 4th edn 3
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Behaviour and Animal Production

A major theme of this book is that farm animal
behaviour research is relevant and necessary for
animal production enterprises to be carried out effec-
tively and economically. The stockman, the farm
manager, the animal transporter, the abattoir worker
and the designer of animal accommodation and
equipment have to be aware of well-established facts
and recent research on the ethology of farm animals.

An appreciation of how to handle animals neces-
sitates knowledge of behaviour which, in the past,
has just been gradually acquired through personal
experience. This information can be taught and is
learned more easily if general principles of animal
behaviour are known. Feeding behaviour is an
example of an important topic for those who have
to manage animals. The control of feeding, food
selection at pasture or when composite feeds are
offered, and learning about food and behaviour in
competitive feeding situations are all relevant to
intakes and good feed conversion efficiency.

Reproductive behaviour is of great importance to
those managing a stock unit. Behaviour assessment
is the major method of oestrus detection in dairy
cows and pigs. Work on mating preferences and
factors affecting libido is of critical importance in the
management of sheep, goats, beef cattle and horses
where a high proportion of successful matings is
desired. Each animal whose offspring production
fails, or is delayed, costs the farmer money. The
frequency with which maternal behaviour fails in
domestic animals and problems with the survival of
the young, especially piglets, lambs or calves, can all
be reduced by a knowledge of behaviour and conse-
quential improvements in stockmanship.

Wherever animals have to be grouped or deci-
sions have to be taken about the housing and
density of animals, information about social behav-
iour is important. Farm animal management,
which leads to fighting, injury or extreme fear, can
result in reproductive failure, poor food conver-
sion, reduced carcass value or increased mortality.
Such losses can be substantially reduced by knowl-
edge of social behaviour. As pointed out by Broom
et al. (1995) and Jensen (2002a) through use of
ethological knowledge, technical equipment can be
designed and management methods can be utilised
to work better for the animals.

These very wide-ranging applications of behav-
iour study to farm animal production, together
with the relevance of behaviour work to the under-

standing of animal welfare, emphasize the impor-
tance of including a series of lectures on animal
behaviour in courses on animal science, animal
production and applied biology.

Behaviour and Pet Management

Many people decide to buy a pet for themselves or
for a child and then discover that the complex being
that they have brought into their home requires a
wide variety of care and has responses and abilities
that the owner may not be able to manage. Owners
sometimes reach the stage of having to contend with
difficult and embarrassing behaviour before resort-
ing to advice or buying a book that may help them.
Behavioural signs may tell you that your cat is sick
or that its welfare is poor for some other reason,
that your fish is about to die from a lack of oxygen
or by being eaten by another fish, or that your dog
or horse has interpreted the various signs that you
have given to it as a clear indication that it can do
what it wants rather than what you want.

The training of companion animals requires
knowledge of learning and motivation. People do
not have this knowledge unless they have studied
animal behaviour or psychology, at least to the
extent of reading a good-quality book. Some of
those who teach animal training are very knowl-
edgeable about the principles of learning and moti-
vation, as well as having relevant practical
experience. However, some of those who appear
authoritative to the uninitiated may present incor-
rect and confusing ideas. It is important that all of
those who offer professional advice on animal
behaviour are properly trained. The identification
of behavioural problems and the ability to propose
methods of reducing or eliminating these is another
subject where expert, helpful people may be diffi-
cult to distinguish from those who are unlikely to
help in solving problems. As a consequence,
accreditation schemes have been developed, for
example by the Association for the Study of Animal
Behaviour in the UK and elsewhere. Pet behaviour
consultants, like other experts in complex subjects,
should be accredited and should not be employed
unless they are accredited.

Behaviour and Veterinary Medicine

The practising veterinary surgeon (referred to in
many parts of the world as veterinarian) uses
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knowledge of behaviour frequently but, in the past,
much of this knowledge has been acquired after
formal training is completed, unless an animal
behaviour course has been attended. Situations in
which such expertise is important include: (i)
handling animals; (ii) using behaviour as a sign in
diagnosis; (iii) advising on animal husbandry meth-
ods; and (iv) dealing with behaviour problems and
assessing welfare. Behaviour is also important as a
part of the general biology of the animals so it is
relevant when considering, for example, feeding
responses to adverse temperature conditions, or
disease transmission.

The importance to a veterinary surgeon intend-
ing to handle an animal, of recognizing the signals
that indicate that the animal is about to attack or
will kick if handled, are obvious. It is also very
beneficial to the veterinary treatment if handling
procedures can be modified according to observed
behaviour in such a way that the animal is not
adversely affected by the handling itself. Poor
welfare during veterinary treatment is a major
obstacle to success in disease treatment and in
retaining client confidence. Studies of behaviour
are also especially relevant where it is necessary to
move animals from place to place along races, up
ramps, into vehicles or into strange rooms
(Grandin, 2007). Many domestic animals show
behaviour that indicates fear of humans, and it is
important to veterinary surgeons and others
handling animals that such behaviour is recognized
(Beaver, 1994).

The working veterinary surgeon is regularly
presented with clinical cases having histories that
are symptomatically behaviour-based. In fact, it is
common for animal illness to be first manifested
behaviourally, such as in loss of appetite, altered
activity or diminished body care – for example, in
colic and other painful conditions in horses (Mair
et al., 1998). Clinical veterinary work has a very
real and special relationship with pathological
behaviour in animals. Those who practise profes-
sionally the art and science of clinical veterinary
medicine and surgery acquire competence at the
interfaces between illnesses and their behavioural
signs through years of training, experience and
witness. This takes much time and, in future, train-
ing in behaviour is essential. Studies of the welfare
of animals after veterinary treatment often incor-
porate neither our knowledge of behavioural nor
scientific indicators of welfare (Christiansen and
Forkman, 2007) wherever they should do so.

Behavioural signs of impairment and histories of
behavioural symptoms give invaluable help to the
veterinary clinician in the initiation of a clinical
appraisal of the animal’s condition. With such
orientation, further points are sought out for
special investigation and detailed examination. On
systematic examination, the behavioural feature of
a veterinary problem often presents as a screen over
a generalized and mixed array of physical signs of
illness. As substantive correlates of the behavioural
manifestation are found in physiological and
pathological factors, the behavioural picture fades
into the background of the clinical problem.
Treatment and restorative action then become
focused physically on lesions and infections. The
behavioural problem thus becomes resolved by a
transformation through veterinary medical
concepts into an identifiable clinical condition,
which can then be given appropriate case manage-
ment and therapy.

This is an important logical mistake, as the
behavioural signs are often a key part of the infor-
mation used in diagnosis. Sometimes the animal’s
irregular behaviour does not translate into a physi-
cal condition, but this does not mean that the asso-
ciated pathology is not real. Some disorders are
distinguishable only by their effects on behaviour,
while others are manifested in a variety of ways.

A necessary prerequisite for the recognition of
abnormal behaviour, whether as a sign of pathogen
presence or as an indicator of poor welfare which is
not due to a pathogen, is a knowledge of normal
behaviour. The normal behaviour for a species can
be described during a behaviour course, but
requires practical experience in order that it can be
understood well.

If a horse is seen to be pacing in its stable and
kicking at its belly, this is identifiable as a sign of
colic, but someone with no experience of horse
behaviour would not recognize it as such. More
subtle signs, such as the partially hunched posture
adopted by a sheep with abdominal pain, require
clear observation of both the normal and affected
animals (see Chapter 22).

Expertise in behaviour and the assessment of
animal welfare are areas where the veterinary
surgeon is expected to be able to give advice.
Behaviour problems that affect the practicalities of
managing animals are also frequently presented to
the veterinary surgeon for solution. One area of
general behavioural knowledge that helps in the
explanation of such problems, in both farm and

Introduction and Concepts 5



companion animals, concerns the ways in which
early experience affects behaviour development.
Another area is learning. The veterinary surgeon
should be able to advise on how to avoid behaviour
problems and what training or other procedures to
utilize in order to deal with them. The preparation
that is required in order that every veterinary
student has an adequate knowledge of the funda-
mental principles and veterinary application of
animal behaviour is a course of lectures in the
subject and reference to specific techniques and
literature at various points in the clinical part of the
course.

Animal Welfare: Science Assessment and
Moral Judgement

Domestic animals have to contend with a complex
environment and they have a variety of methods
for attempting to cope with it. That environment
includes physical conditions, social influences and
predators, parasites or pathogens that may attack
the individual. The coping methods include physio-
logical changes in the brain, adrenal glands and
immune system and, linked to some of these,
behavioural changes. Some factors that affect an
animal may result in it having great difficulty in
coping. It may fail to cope in that its fitness is
reduced and either it dies or it fails to grow, or its
ability to reproduce is reduced in some direct way.
‘The welfare of an animal is its state as regards its
attempts to cope with its environment’ (Broom,
1986c). Hence welfare is a characteristic of the
individual animal, which varies on a continuum
from poor to good. The attempts to cope and the
results of failure to cope can be measured taking
account of a wide variety of coping mechanisms,
including positive and negative feelings and those
minimizing pathology. Hence welfare can be
assessed in a precise, scientific way using a variety
of indicators.

Animal welfare science developed rapidly in the
1980s and 1990s and it has been important to
separate the science from moral judgement. The
assessment of welfare can be carried out in an
objective way that is quite independent of any
moral considerations. Mortality rate, reproductive
success, extent of adrenal activity, amount of
abnormal behaviour, severity of injury, degree of
immunosuppression or level of disease incidence
can all be measured. Our knowledge of each of
these welfare indicators has improved rapidly in

recent years as people with backgrounds in zool-
ogy, physiology, psychology, animal production
and veterinary medicine have investigated the
effects of difficult conditions on animals.

Much remains to be learned, but we are already
in a position to apply recently gained knowledge to
comparative studies on farm animals of different
systems of management, designs of housing, meth-
ods of handling or transportation, and procedures
in operations or in slaughter. This knowledge can
also be applied to the care of companion animals.
In addition to measurements of poor welfare, it is
possible to investigate the preferences of animals
and the value that they place on various resources
or other aspects of their environment. Such studies
and a wide range of work on the basic biology of
animals give information about the biological
needs of animals. If these are not met there will
often be indicators of poor welfare that can be
measured but, in some circumstances, we have not
yet acquired the expertise to evaluate adverse
psychological effects on animals.

When scientific evaluation of welfare has been
carried out, there remains the moral question of how
poor welfare should reach before it is regarded as
unacceptable. This is an issue where the farmer, the
veterinary surgeon, the welfare research worker or
the member of the general public are equally entitled
to have an opinion. One person might say that a
certain degree of poor welfare in an individual
domestic animal is acceptable, given the human
requirements involved, while another might consider
that degree of poor welfare to be unacceptable.
Moral positions in such matters have changed as
people have come to know more about the complex-
ity of animal organization, the sophistication of
animal behaviour and the degree of similarity
between domestic animal species and man.

Both recent research and media coverage of such
research have contributed to this change of atti-
tude. The feeling that humans have a moral obliga-
tion to ensure that the welfare of animals that are
kept is never very poor has become widespread.
The idea that, when decisions are taken about
methods in animal husbandry, animals should be
considered as individuals and their responses to
their environment should be evaluated and under-
stood, is now held by many in the agriculture
industry, by those who care for companion animals
and by those in the veterinary profession. This is an
important part of the subject of veterinary ethics
(Tannenbaum, 1989).
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In the early years of consideration of what consti-
tuted poor welfare, people tended to think especially
of pain as a reason why welfare would be unaccept-
able. Such a case is shown in Fig. 1.1, an example of
a situation where there would be pain. However,
long-term problems such as starvation (see Fig. 1.2)
or having to live in housing where needs are not met,
are now considered as at least as important.

Questions about Behaviour

There are two kinds of question that can be asked
when trying to understand a particular behaviour.
The first of these is: ‘How does it work?’ The
answers to this question refer to the mechanisms
underlying the behaviour that cause it to occur at
the time of observation and with the form in which
is seen. What changes are occurring within the
body of that animal that result in the movements
that are shown? Some of these changes are physio-
logical processes which we know quite a lot about,
such as those involved in sensory reception,
impulse conduction along nerves or muscle
contraction. Changes within the brain involving

emotional variables, learning, decision making and
control of actions have been extensively investi-
gated. Although we still have much to discover
about them, there have been significant develop-
ments in knowledge in recent years.

The second kind of question about behaviour is:
‘Why does it happen?’ The answers to this question
refer to the way in which this behaviour has arisen
in the species under observation. In order to try to
appreciate how the pattern and use of a behaviour
have evolved, it is necessary to consider what the
selective advantage of the behaviour is. Put another
way, in what way will the effects of a gene that
affects behaviour promote the spread of that gene
in the population? In practice, ‘why?’ and ‘how?’
questions are linked because questions about
evolution depend upon a knowledge of the mecha-
nism underlying a behaviour, and questions about
causation are often helped by an understanding of
the evolutionary origins of the system. For both
kinds of questions we need to consider behaviour
in relation to the general biology of the animal.

Behaviour, like physiology and anatomy, is part of
the general functioning of an animal. The various
aspects of life can be classified into functional systems
that include behaviour as a component (Broom, 1981).
These are: (i) obtaining oxygen; (ii) osmoregulation; (iii)
temperature regulation; (iv) cleaning the body surface;
(v) feeding; (vi) avoiding chemical hazards; (vii) avoid-
ing physical hazards; (viii) predator avoidance; and (ix)
reproduction. Behaviour often serves more than one
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Fig. 1.1. This duck is likely to be in pain because of the
crossbow bolt shot into it. The duck is held by a RSPCA
inspector (photograph courtesy of RSPCA).

Fig. 1.2. This Old English Sheepdog was emaciated,
weak, flea-ridden and very keen to eat and drink
(photograph courtesy of RSPCA).



function – for example, exploration and establishing
social relationships may be relevant to almost all of
them, so they become objectives in themselves. The role
of behaviour in each of these functional systems is
discussed in detail in this book, but the key to under-
standing the behaviour of an animal is an appreciation
of how resources are apportioned and decisions taken
about which activity to show and when.

The study area that deals with decisions about the
timing and nature of changes in behaviour is that of
motivation. This important subject is essential to an
understanding of all aspects of behaviour and also to
questions about animal welfare. Many welfare prob-
lems result from frustration or environmental unpre-
dictability, and a knowledge of motivational state is
needed in order that these can be recognized.

When trying to answer questions about how
behaviour works, investigatory methods are used
in which the experience of an animal is controlled
and its effects are assessed. Some such studies are
carried out during the development of the individ-
ual. Learning occurs when some experience modi-
fies later behaviour (see Chapter 3). Learning has
an effect on all aspects of life, so some reference
must be made to it in discussions of every aspect of
behaviour, and therefore it is relevant to the mate-
rial in every chapter of this book. All systems
develop in animals as a consequence of interactions
between the genetic information in the animal and
influences from the environment of that genotype.
Since all behaviour depends on the genetic informa-
tion in an animal and environmental factors will
always affect the expression of genes, it is not
useful to try to distinguish between instinctive or
innate behaviour and that which is environmen-
tally determined. The interesting questions concern
how differences in genotype and in the environ-
ment result in differences in behaviour. Behaviour
genetics and the processes occurring during behav-
iour development are both exciting topics that will
be discussed in this book.

The various questions posed above are answered
here, but with especial reference to the require-
ments of those who need to know about the
management, housing, veterinary treatment and
general biology of domestic animals.

The Sensory Worlds of Domestic Animals

Humans are particularly aware of information
from vision and from the narrow range of sounds
associated with speech. However, apart from taste,

which humans can use with precision, olfaction is
of less importance than in our domestic mammals.
We are atypical mammals because, for most, olfac-
tion is a major source of information about the
surrounding world. Smells are often relatively long
lasting and can continue after the source has
departed. They exist in enormous variety and can
be detected with great sensitivity, so they are used
for recognition and assessment of foods, animal
species, animal individuals and even animal mood
changes by most animals, including the mammals
and fish mentioned in this book. Birds are generally
less olfactorily oriented, but use vision and hearing
in sophisticated ways.

In order to understand the behaviour of the
members of any domestic animal species, we need
to consider their sensory world and especially the
role of odours. We should also be aware of their
differences from humans in the range of detection
and sensitivity using each sense. Rodents can hear
sounds of above 60 KHz while humans hear little
above 15 Khz (see Table 1.1). Dogs can also hear
higher-pitched sounds than can humans, hence the
use of dog whistles that are ultrasonic for the
human ear. Animals can be severely disturbed by
sounds that humans cannot hear. Some fish can
hear and be disturbed by sounds that are very low
frequency in comparison with the human range.
Birds and some other animals can detect low-
frequency vibrations when standing on land or
another solid surface because of the sensory
corpuscles in their leg joints. Reports of animals
responding to an approaching tsunami provide
evidence of the ability of these animals to detect
and respond to the low-frequency sound that a
tsunami would produce. Birds also have the
ability to resolve complex sounds with com-
ponents close together in time much better than
can humans. Hence, elaborate bird songs or calls
appreciated by other birds may sound like a buzz
to humans.

Potentially detectable visual stimuli vary in the
brightness, wavelength, plane of polarization and
pattern of light. Birds and fish can use all of these
aspects when evaluating their visual environment.
Humans and some other mammals do not detect
plane of polarization so cannot see the many polar-
ized light patterns, for example those of a great
variety of flowers and insects (Broom, 1981).
Poultry and fish kept for farming or as pets, as well
as seeing colours, may see complex polarized light
or ultraviolet (UV) patterns in objects that appear
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white or plain to humans. Domestic mammals have
limited or no ability to discriminate light of differ-
ent wavelengths, so are largely or partly colour-
blind (Piggins, 1992). The basic ability of
vertebrate animals to discriminate visual patterns
made up of blocks or lines is similar, but there are
differences in ability to resolve the grain of
patterns. For example, sheep can resolve a grating
of lines with 13 cycles per degree, while humans
can resolve 40 cycles per degree (Sumita, 2005).
The light sources used by humans may vary in the
extent and kind of brightness fluctuation as well as
in the variable mentioned above, and these fluctua-
tions are detected and lead to preferences, e.g. in
chickens (Kristensen et al., 2007).

The visual and auditory world of domestic
animals is a little different from that of humans,
and we need to take account of that when we try to
appreciate what it is that the animals of a particu-
lar species are responding to. Humans discriminate
better than domestic animals in some visual and
auditory modalities but worse in others. Some
visual patterns cannot be seen by humans and some
sounds cannot be heard. The situation in which
this is particularly important is when a stimulus
leads to poor welfare in animals but the people
who are causing it are unaware of it. For example,
high-frequency sounds that are inaudible to
humans may be extremely unpleasant to some
rodents, birds or dogs. We now know that some
electronic switches and heating equipment cause
noises that are very aversive to several non-human

species (Sales and Pye, 1974). The frequency range
for hearing in humans and some domestic animals
is shown in Table 1.1.

One of the most dramatic differences in sensory
appreciation that exists between humans and the
animals that we keep is that between humans and
fish. While fish respond to visual and auditory
stimuli, their worlds are much more complex than
just those two sensory modalities. The world of fish
also includes that resulting from lateral line organs,
electric receptors and olfaction, which is consid-
ered in the next section. The lateral line provides
information about localized and general pressure
changes. If an individual comes close to a fish, the
fish detects it efficiently in complete darkness and
without any sounds being involved. The newly
arrived animal causes localized pressure changes
that are transmitted through the water to the
lateral line organs passing down the side of the fish.
A moving but non-living object also initiates such
changes and, when the fish swims up to a solid
object like a rock, plant or the side of a tank, it
readily detects the increase in pressure caused by
the damming effect when water is compressed
between the fish and the object. Fish can move
around their environment without colliding with
solid objects and without using vision, hearing or
olfaction.

An approaching fish is likely to be detected by
another fish long before it affects the lateral line
organs because of its electrical output. All fish have
some degree of electrical receptivity and some are
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Table 1.1. Hearing and sound frequency in humans and some domestic animals (from Heffner and Heffner, 1992).

Lowest frequency Greatest sensitivity Highest frequency 
Species detected (Hz) (KHz) detected (KHz)

Human 31 8 17
Dog 68 8 40
Cat 50 8 70
Ferret 36 12 45
Horse 55 2 33
Pig 40 8 40
Sheep 125 10 40
Cattle 24 8 40
Goat 70 2 40
European rabbit 120 16 60
Brown rat 400 8 68
House mouse 3000 16 80
Domestic pigeon 8 3 6
Mallard duck 100 2 6
Turkey 200 2 6



outstandingly sensitive to electrical changes. For
many years the function of the ampullae of
Lorenzini under the skin of the head of a dogfish, a
set of fluid-filled interconnected vesicles, was
unknown. It then became clear that these were elec-
tric organs. When a muscle contraction occurs it
produces an electrical charge in the immediate
environment. The air dweller does not detect it
because of the poor conductivity of air. However,
most animals in the world live in water and the
water dweller can be affected by the muscle
contraction because water conducts electricity very
much better than does air. Fish that live in water
with poor visibility – perhaps because of suspended
matter – are the most likely to have efficient elec-
troreceptors that allow them to detect the approach
of a live animal whose muscles are contracting.
However, all fish have some ability in this respect.
Sensitivity to electrical change is quite different
from the ability to produce electrical fields, which
is possessed by a very small number of fish with
specialized muscles whose function is not to
contract but to produce a large electrical output.

Olfactory communication is very important for
most living animals, including all domestic
mammals and fish. As explained by Manteca
(2002), the olfactory mucosa of a dog is
75–150 cm2 in area, as compared with that of a
cat, which is 20 cm2 and that of a human, at
2–10 cm2. In terms of receptors, the dog has
200–300 million while the human has 5 million
and the cat is intermediate. The region of the brain
that analyses olfactory information, the olfactory
bulb, is much bigger in dogs than in humans and,
while in humans only a small proportion of
inspired air is passed over the olfactory mucosa, in
dogs the majority of inspired air is subjected to
olfactory analysis. A further difference between
dogs and cats is that, while dogs can detect odours
without auxiliary movements, cats perform the
flehmen movement (see below), in which the mouth
and nose apertures are opened widely to maximize
the olfactory epithelium contact with the odour
under investigation.

The human or other animal walking down a path
is readily detectable by a following dog. Dogs can
detect extremely small quantities of the complex
mixture of odoriferous substances carried by every
animal. A droplet of material from a moving animal
will leave a pattern of deposit that allows the
follower to identify the individual and to calculate
the direction of movement. Dogs can track animals

with an efficiency that is extraordinary to us
humans. Dogs can also discriminate between differ-
ent individuals of the same species and can pick out
an individual human’s armpit odour sample from
an array of other such samples, even distinguishing
between identical twins (Sommerville et al., 1990,
1993; Settle et al., 1994). A dog can identify a
human from a urine sample and may be able to
distinguish a diseased individual from an individual
who is not diseased (Williams and Pembroke, 1989;
Church and Williams, 2001; Broom et al., 2005).
The sensory world of our domestic animals is suffi-
ciently different from ours that we should consider
carefully what it is in any circumstance where we
are trying to provide for or to manipulate the
behaviour of a domestic animal.

Pheromones

A pheromone is a substance produced by one
animal, and carries information to other individu-
als by olfactory means. Humans respond to olfac-
tory information, even if they are unaware that
they do (Stoddart, 1990). Experimental studies
have shown that, in humans, synchronization of
oestrus, preferences for places to sit in a dentist’s
waiting room, the duration of telephone calls at a
public telephone and attention to photographs of
members of the opposite sex can all be influenced
by exposure to pheromones. However, it is clear
that responses to odours play a much more
substantial part in the life of most animals. The
world of a dog, pig, cow or tilapia is, in substantial
part, an olfactory one. Odours remain in places
where individuals of the same or different species
have been. Frightened individuals leave a different
odour from calm individuals, sexually active indi-
viduals have different odours from those who are
sexually inactive and there may be differences
between more aggressive or more friendly individu-
als and those who are less aggressive or more
friendly. Every individual can be distinguished from
every other individual. For a review of the role of
pheromones in behaviour see Wyatt (2003).

There is variation amongst species in the sources
of pheromones. Some animals have scent glands
within which the secretion of specific chemicals
occurs. Often, these secretions are held for some
time so the final composition and odour of glandu-
lar products depends upon bacterial action. Many
different substances will be present in the odorifer-
ous product. Other sources of pheromones are
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body products such as urine, faeces and saliva. The
effects of pheromones may be the rapid initiation
of action, as in alarm pheromones, or the produc-
tion of sustained behavioural responses.

The important effect of pheromones is the stimu-
lation of olfactory centres in the brain, so
pheromone detection depends on macrosmatics,
which is the possession of keenness of smell to an
extremely high degree. Most animals’ olfactory
centres are more differentiated than are those of
man, who is microsmatic, and the olfactory portion
of the telencephalon of cattle and sheep is about 20
times larger than that of the human.

A special organ, apparently involved with
pheromone reception through its mucous mem-
brane, is the vomeronasal, or Jacobson’s, organ
(Meredith, 1999). This organ is an olfactory
receiver in the form of a pair of blind-ended tubes
located within the nasal cavity and linked to the
roof of the mouth. It is connected to the centres of
olfaction in the brain with its own mechanism of
conduction and its own reactive behaviour. It is
instrumental in an olfactory reflex act, which is
known as flehmen. In flehmen, the head is elevated
and extended, the upper lip is curled up with the
mouth slightly open and the nostrils constricted.
The flehmen reaction (Fig. 1.3) indicates that the
male is testing the urine of the female. The concen-
tration of pheromones can reflect levels of sex
hormones in the individual and, in this case, the
male is monitoring the oestrous state of the female.
Oestrus synchronization in female mammals can

result from common olfactory urine checking.
Male urine can also provide olfactory information
about hormone levels. Urine is used as a territory
marker in some mammalian species, such as
badgers, and some animals mix faeces, urine and
scent gland products in acquiring a distinctive
individual odour.

The two types of scent-producing glands are: (i)
sebaceous glands, such as the ventral gland of the
Mongolian gerbil, which is used for territory
ownership marking; and (ii) apocrine glands. The
two types of glands are often mixed in glandular
areas. The axillary glands in man produce
pheromones whose release is facilitated by both the
presence of axillary hair, which provide a larger
surface area, and by the action of arm raising. Pigs,
ruminants and horses possess specialized gland
complexes located in the skin. The skin as the
primary protector of the body surface is covered
with glands serving temperature control, excretion,
lubrication and maintenance of the pH in fending
off microorganisms. This, in its totality, produces a
specific body odour. In these animals the convoluted
type of skin glands, with their apocrine excretions,
produce a volatile substance which is moved to the
skin’s surface and mixed in a product which is
particularly suited to contain, or bond, odoriferous
substances. The occurrence and location of skin
regions that produce odour relate to certain forms
of behaviour (Vandenbergh, 1983).

Widely studied glands include those of many
insects and mammals. The chin gland of rabbits is
used to mark territory, to warn others and to mark
young for recognition. Dogs and their relatives
have anal glands, and the secretion in the female
fox contains about 12 volatile components includ-
ing trimethylamine and several fatty acids. The
chemical produced by bitches inducing sexual
behaviour in male dogs is para-methyl hydroxy
benzoate. Male wolves and dogs mark their terri-
tory using urine, and this indicates who the individ-
ual is and, according to elevation from the ground,
how big that individual is. Cats have glands on the
side of the face and at the base of the tail. These are
often coloured differently in tabby and other vari-
ably coloured cats; they use these to mark objects
in their environment, including their ‘owners’.
When cats rub their head and tail base against you
they may well be merely establishing their owner-
ship of you! Deer have elaborate glands, that of the
musk deer containing as much as 120 g of sebum.
The tarsal tuft on the leg of the black-tailed deer
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Fig. 1.3. Flehmen in a stallion. This reaction is shown in
response to the odour of a mare in oestrus and has the
result of bringing the pheromone in contact with the
vomero-nasal organ (photograph courtesy of A.F. Fraser).



has specially adapted hairs that trap volatile
substances from the tarsal gland and from urine
that is deposited on the tuft (Müller-Schwarze,
1999). The odours from the tarsal gland in this
species and from the metatarsal gland in the roe
deer (Broom and Johnson, 1980) attract much
attention from other members of the species and
probably allow individual recognition.

Many wild ruminants are endowed with inter-
digital glands on all four feet, particularly below
the dewclaws. The skin around these interdigital
glands is richly endowed with convoluted glands,
which produce a mixed secretion of pheromones. It
appears that an alarm pheromone is produced and
stored there as a colloid. The domestic ruminants
have remnants of analogous glands that may still
function as sources of specific odours.

Saliva can be involved in chemical communica-
tion, and behavioural evidence of this is notable in
the pig in pre-mating and nursing situations and in
social events in the horse. Experimentally, saliva has
been found to play a part in organizing the suckling
behaviour of the rat and the aggressive behaviour of
mice. Rat pups reportedly engage in long periods of
licking and nuzzling the mother’s oral region, and
this suggests that a chemical mechanism operates
via saliva in regulating nursing interactions. Sows
and their young piglets show essentially similar
nosing of the maternal oral area. Young animals
show a tendency to pursue olfactory examination of
the mouths of associating adults, and of their moth-
ers’ mouths particularly (see Fig. 1.4).

Experimentally, juvenile gerbils were found to
respond preferentially to females carrying their
littermate’s saliva rather than to those carrying
non-littermate saliva. Adult male gerbils spend
more time contacting the facial regions of recipi-
ents carrying saliva from an oestrous female. They
exhibited no difference in their contact times with
the ventral scent glands or anogenital regions.
Social preferences were evident in the behaviour
following salivary exposures. These findings
suggest that saliva-related cues may act as
chemosignals in all stages of social behaviour in
gerbils (Block et al., 1981). Such salivary factors
probably function in other animals, including farm
livestock. Among farm animals many social inter-
actions take the form of nose-to-mouth contacts, in
which it is likely that salivary cues of identity, and
possible status, are communicated. This has been
noted in the horse and sheep and it seems that sali-
vary pheromones may affect social behaviour in

animals to extents not appreciated before. Many
so-called ‘naso-nasal’ contacts are in fact found to
be nose-to-mouth contacts when carefully studied.

The production and the effects of pheromones
have been noted in the pig (Signoret et al., 1975;
Booth and Signoret, 1992). The boar produces a
chemical substance called androstenedione, which
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Fig. 1.4. Close nose-to-mouth contacts between very
young animals and adults and between sexes: (a) sow
to her piglet; (b) piglet to mother; (c) female to male
goat. This behaviour probably facilitates salivary
chemicals acting as pheromones (photographs courtesy
of A.F. Fraser).

(a)

(b)

(c)



appears to have a releaser effect on sows during
oestrus so that they show the rigid mating posture
more readily after they have been exposed to the
male pheromone. The boar’s pheromone is appar-
ently produced in the submaxillary salivary gland.
There is copious production of saliva, in frothy
form, during the natural pre-mating activities
between boar and sow. During these activities, nose-
to-mouth contacts are clearly shown. Pheromone
excretion in the boar also occurs via the prepuce.
Proof of this has been shown in large-scale, experi-
mental studies in pig artificial insemination work.
Small quantities of boar seminal fluid dropped onto
the snout of a sow or gilt showing dubious or
incomplete signs of oestrus causes the complete
oestrous display to be shown. The boar odour may
also have effects on other species such as humans.

Many animals leave olfactory messages by the
use of urine or faeces. For example, cats mark
defended territories, principally their peripheries,
by squatting and depositing urine, depositing
faeces in prominent places and scratching objects
to leave a visual and olfactory message (Borchelt,
1991; Bradshaw, 1992; Simpson, 1998). Male cats
also spray urine on to objects, especially when
there are other cats in the close vicinity and they
are anxious (Beaver, 2003). In houses, furniture,
walls and windows at the periphery where cats
have visual access to the outside are often the
targets for spray-marking (Pryor et al., 2001).

Sentience

Animals vary in the extent to which they are aware
of themselves (DeGrazia, 1996) and of their inter-
actions with their environment, including their
ability to experience pleasurable states such as
happiness and aversive states such as pain, fear and
grief. This capacity may be referred to as their
degree of sentience. ‘A sentient being is one that
has some ability: to evaluate the actions of others
in relation to itself and third parties, to remember
some of its own actions and their consequences, to
assess risk, to have some feelings and to have some
degree of awareness’ (Broom, 2006c).

Human opinion as to which individuals are sentient
has generally changed over time in well-educated soci-
eties to encompass, first, all humans instead of just a
subset of humans and then, certain mammals that
formerly were kept as companions, animals that
seemed most similar to humans such as monkeys, the
larger mammals, all mammals, all warm-blooded

animals and then all vertebrates. The general public
has been ready to accept some guidance about
evidence for sentience from biologists who have
collected information about the abilities and function-
ing of the animals. Animals that are shown to be
complex in their organization, capable of sophisticated
learning and aware are generally respected more than
those that are not, and such animals are less likely to
be treated badly. However, some people view animals
solely on the basis of their effects on, or perceived
(extrinsic) value to, humans and have little concern for
the welfare of pests, disease carriers or those that
cannot be eaten (Broom, 1989a, 1999; Serpell, 1989).

Evidence that has been used in deciding on the
animals for which welfare is an important consid-
eration, in addition to similarity to and utility to
humans, has included the following: (i) complexity
of life and behaviour; (ii) learning ability; (iii) func-
tioning of the brain and nervous system; (iv) indica-
tions of pain or distress; (v) studies illustrating the
biological basis of suffering and other feelings such
as fear and anxiety; and (vi) indications of aware-
ness based on observations and experimental work.

Animals are more complex if they have to
contend with a varied environment and, as a conse-
quence, have an elaborate motivational system that
allows them to think about the impacts of that envi-
ronment and then take appropriate decisions. Some
kinds of feeding methods demand much brain
power, as do aspects of predator avoidance, but the
most demanding thing in life for humans and many
other species is to live and organize behaviour effec-
tively in a social group (Humphrey, 1976; Broom,
1981, 2003). Animals that live socially are generally
more complex in their functioning and in their
brainpower than related animals that are not social.
The demands on cognitive ability are greater in
large social groups than in small groups (Croney
and Newberry, 2007). Analysis of the degree of
complexity of living possible for members of an
animal species is a first step in deciding whether
such animals are sentient (Broom, 2007). Without a
level of brain functioning that makes some degree of
awareness possible (Sommerville and Broom,
1998), an animal could not normally be sentient.

Welfare Concepts

The scientific study of animal welfare has developed
rapidly during the last 15 years. The concepts have
been refined and a range of methods of assessment
have been developed. Substantial challenges to
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animal functioning include those resulting from: (i)
pathogens; (ii) tissue damage; (iii) attack or threat of
attack by a conspecific or predator; (iv) other social
competition; (v) complexity of information process-
ing in a situation where an individual receives exces-
sive stimulation; (vi) lack of key stimuli such as a
teat for a young mammal or social contact cues; (vii)
lack of overall stimulation; and (viii) inability to
control interactions with the environment. Hence,
potentially damaging challenges may come from the
environment outside the body – e.g. many pathogens
or causes of tissue damage, or from within it – e.g.
anxiety, boredom or frustration that come from the
environment of a control system. Systems that
respond to or prepare for challenges are coping
systems and ‘coping means having control of mental
and bodily stability’ (Broom and Johnson, 1993).

Coping attempts may be unsuccessful in that such
control is not achieved but, as soon as there is
control, the individual is coping. Systems for attempt-
ing to cope with challenge may respond to short-term
or long-term problems, or sometimes to both. The
responses to challenge may involve activity in parts of
the brain and various endocrine, immunological or
other physiological responses as well as behaviour.
However, the more that we learn about these
responses, the clearer it becomes that these various
types of response are interdependent. For example,
not only do brain changes regulate bodily coping
responses, but adrenal changes have several conse-
quences for brain function, lymphocytes have opioid
receptors and a potential for altering brain activity,
and heart rate changes can be used to regulate mental
state and, hence, further responses.

Some coping systems include feelings as a part of
their functioning, for example pain, fear and the
various kinds of pleasure, all of which are adaptive
(Broom, 1998). Bad feelings that continue for more
than a short period are referred to as suffering.
Other high- or low-level brain processes and other
aspects of body functioning are also a part of
attempts to cope with challenge. In order to under-
stand coping systems in humans and other species,
it is necessary to study a wide range of mechanisms
including complex brain functioning, as well as
simpler systems. Investigations of how easy or diffi-
cult it is for the individual to cope with the environ-
ment and of how great is the impact of positive or
negative aspects of the environment on the individ-
ual, are investigations of welfare. If, at some partic-
ular time, an individual has no problems to deal
with, that individual is likely to be in a good state,

including good feelings and indicated by body phys-
iology, brain state and behaviour. Another individ-
ual may face problems in life that are such that it is
unable to cope with them. Prolonged failure to cope
results in failure to grow, failure to reproduce or
death. A third individual might face problems but,
using its array of coping mechanisms, be able to
cope but only with difficulty. The second and third
individuals are likely to show some direct signs of
their potential failure to cope or difficulty in coping
and they are also likely to have had bad feelings
associated with their situations.

According to Broom (1986c, 1996, 1998) and
Broom and Johnson (1993): ‘the welfare of an indi-
vidual is its state as regards its attempts to cope
with its environment’, and this includes feelings
and health. Welfare is a characteristic of an individ-
ual at a certain time; the state of the individual can
be assessed so welfare will vary on a range from
very good to very poor. Welfare concerns how well
the individual fares, or goes through life. Some
other authors place sole emphasis on feelings when
defining welfare (Duncan and Petherick, 1991).
Health, like welfare, can be qualified as good or
poor and varies over a range. It refers to body
systems, including those in the brain, that combat
pathogens, tissue damage or physiological disorder.
All of this is encompassed within the broader term
welfare, so health is a part of welfare.

The assessment of welfare (Broom and Johnson,
1993) should be carried out in an objective way,
taking no account of any ethical questions about the
systems, practices or conditions for individuals that
are being compared. Once the scientific evidence
about welfare has been obtained, ethical decisions
can be taken. Much of the evidence used in welfare
assessment indicates the extent of poor welfare in
individuals, but it is also important to recognize and
assess good welfare, i.e. happiness, contentment,
control of interactions with the environment and
possibilities of exploiting abilities. Good welfare in
general, and a positive status in each of the various
coping systems, should have effects which are a part
of a positive reinforcement system, just as poor
welfare is associated with various negative rein-
forcers. We need to identify and quantify indicators
of good welfare as well as those of poor welfare.

The term ‘well-being’ is often used interchange-
ably with ‘welfare’, but well-being is often used in a
looser, less precise way. Welfare is the word used in
English versions of modern European legislation.
Some other languages have only one word that can
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be used to translate either welfare or well-being.
The words that are equivalent to welfare in other
languages, and that are used in identical legislation,
have similar origins: for example, welzijn in Dutch,
bien-être in French, bem estar in Portuguese, bien-
estar in Spanish, velfaerd in Danish and dobrostan
in Polish. Welzijn, bien-être, bem estar and bienes-
tar are very similar to well-being in origin, but are
used by scientists and legislators in much the same
way as English speakers use welfare. Dobrostan is
close in use to welfare as defined in this chapter,
and velfaerd has a wider meaning but is used
specifically in legislation. In German, Wohlbefinden
and Wohlergehen have similar meanings to welfare
but Tierschutz means animal protection.

Most people who speak of stress refer to a situa-
tion in which an individual is subjected to a poten-
tially or actually damaging effect of its environment.
However, the usage of the term has sometimes been
confusing, as it has been used to mean three different
things: (i) an environmental change that affects an
organism; (ii) the process of affecting the organism;
or (iii) the consequences of effects on the organism.
Some people have limited stress to one kind of
physiological response mechanism, hypothalamic–
pituitary–adrenal cortex (HPA) activity or to mental
rather than physiological responses.

However, it was demonstrated by Mason (1971)
and in many other studies that several different
responses to challenges could occur: HPA activity is
temporarily increased during courtship, mating,
active prey catching and active social interaction,
none of which would be considered to be stressful
by the majority of the general public or by scientists.
To equate stress with HPA axis activity renders the
word redundant and is considered unscientific and
unnecessary by most scientists working in the area.
Another meaning that has been ascribed to stress
makes it largely synonymous with stimulation. If
every impact of the environment on an organism is
called stress, then the term has no value. Many stim-
uli that affect individuals in beneficial ways would
never be called stressors by most people. ‘Stress is
an environmental effect on an individual which
overtaxes its control systems and results in adverse
consequences, eventually reduced fitness’ (Broom
and Johnson, 1993, 2000). The ultimate measure of
fitness is the number of offspring reaching future
generations, and there are many different ways in
which challenges overtax control systems and have
such effects.

The environment of an animal is appropriate if it

allows that animal to satisfy its needs. Animals have a
range of functional systems controlling body tempera-
ture, nutritional state, social interactions, etc. (Broom,
1981). Together, these functional systems allow the
individual to control its interactions with its environ-
ment and, hence, to keep each aspect of its state within
a tolerable range. The allocation of time and resources
to different physiological or behavioural activities,
either within a functional system or between systems,
is controlled by motivational mechanisms. When an
animal is actually or potentially homeostatically
maladjusted, or when it must carry out an action
because of some environmental situation, we say that
it has a need. A need is a requirement, which is part of
the basic biology of an animal, to obtain a particular
resource or respond to a particular environmental or
bodily stimulus. There are needs for particular
resources and needs to carry out actions whose func-
tion is to obtain an objective (Toates and Jensen, 1991;
Broom, 1996). Needs can be identified by studies of
motivation and by assessing the welfare of individuals
whose needs are not satisfied (Hughes and Duncan,
1988a, b; Dawkins, 1990; Broom and Johnson, 2000).
Unsatisfied needs are often, but not always, associated
with bad feelings, while satisfied needs may be associ-
ated with good feelings. When needs are not satisfied,
welfare will be poorer than when they are satisfied.

Some needs are for particular resources, such as
water or heat, but control systems have evolved in
animals in such a way that the means of obtaining a
particular objective have become important to the
individual animal. The animal may need to perform
a certain behaviour and may be seriously affected if
unable to carry out the activity, even in the presence
of the ultimate objective of the activity; for example,
rats and ostriches will work – in the sense of carrying
out actions that result in food acquisition – even in
the presence of food. In the same way, pigs need to
root in soil or some similar substratum (Hutson,
1989), hens need to dust-bathe (Vestergaard, 1980)
and both of these species need to build a nest before
giving birth or laying eggs (Brantas, 1980; Arey,
1992). In all of these different examples, the need
itself is in the brain and is not physiological or
behavioural, but may be satisfied only when some
physiological imbalance is prevented or rectified or
when some particular behaviour is shown.

Ethics

The deontological approach to the organization of
human conduct is one in which the structure is a set
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of duties pertinent to all individuals. Hence, the
individual should assess what action duty dictates
using rational thought and carry out that action.

Consequentialism in ethics implies that the extent
to which an act is morally right is determined solely
by the goodness of the act’s consequences. This
approach was extended into utilitarianism by
J.S. Mill (1843), who argued that the right act or
policy is that which will result in the maximum util-
ity, or expected balance of satisfaction minus dissat-
isfaction, in all the sentient beings affected.

Although many aspects of utilitarianism are help-
ful when deciding what is morally right, as a general
approach it may be viewed as incomplete (Broom,
2003). Acting in such a way that general happiness
or general good is promoted will be entirely desir-
able in some circumstances, but following such a
philosophy implies that decisions are taken only on
the basis of the average or overall good of collec-
tions of individuals. This view does not take
account of the fact that humans and other animals
interact with and have concerns for individuals. The
mechanisms underlying moral codes are based on
effects on individuals as well as on collections of
individuals. An example of the flaw in the extreme
utilitarianism approach is that, following this
approach, an individual could be caused extreme
pain or other poor welfare, or could be killed if the
overall effect on a collection of individuals was
good. This individual might be a dangerous crimi-
nal or an entirely innocent person, but should they
be tortured, caused prolonged misery or killed?
Most people would not wish an innocent person to
be killed, however great the resulting good, and
those who hesitated on the issue might be swayed
toward that view if the person were their neighbour,
their mother or themselves.

Criticisms of the utilitarian position have been
made by many, including Williams (1972) and
Midgley (1978). Those who would consider them-
selves deontological ethicists would maintain that
certain rights, rules or principles take precedence
over utility. However, the rights approach also has
flaws. Neither a rights-based approach nor a
wholly utilitarian approach is adequate to further
moral ends, but elements of both deontological and
utilitarian approaches are necessary.

Arguments about the importance of freedom to
control one’s life led to the idea that such freedom is a
‘right’ which all should have. Strong proponents of a
rights structure for determining what are proper
actions regard the stated rights as absolute, so they

cannot be mitigated by other circumstances. A key
issue here is the establishment of what is a right. There
are few so-called rights that would be accepted as valid
in all circumstances. The oft-proclaimed right to free
speech can cause great harm to certain individuals and
hence can be morally wrong, in my view, as can the
‘right’ to drive a car as fast as you wish or to carry a
gun. The concept of rights causes many problems. All
behaviour and laws should be based on the obligations
of each person to act in an acceptable way towards
each other person or other sentient individual.
Arguments based on obligations are better than any
attempts to assert a ‘right’. Laws and other such state-
ments should provide guidelines for the behaviour of
each person rather than stating what the individual
who is the object of an action can demand. For more
detailed discussions of all of the issues mentioned in
this section see Broom (2003, Chapter 4).

The ethics aspects of animal behaviour research
are discussed by Dawkins and Gosling (1992).
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2 Describing, Recording and 
Measuring Behaviour

Some general principles of behaviour organization
are explained in this chapter. Recording and measur-
ing are also discussed in detail by Jensen et al. (1986),
Martin and Bateson (2007) and Lehner (1996).

Levels of Description of Behaviour

The words used to describe behaviour are a conse-
quence of how people think about what they see or
hear. Those words in their turn, however, may
change the way of thinking of the person who uses
them or of the person who hears or reads them.
This occurs especially when the word used to
describe the behaviour implies something about
the emotional state or the intentions of the animal
whose behaviour is described. Hence it is impor-
tant to be accurate and cautious when describing.
As an example of the problem, suppose that a hen
is seen to move rapidly, flapping her wings, over a
distance of 3 m starting at the edge of one group of
birds and finishing next to a wall where a single
bird standing there moves away. An observer
might describe this sequence of behaviour by say-
ing that the hen is frightened, angry or aggressive.
This may be true, but does not inform others about
what has been observed. In order to communicate
effectively with the listener or reader when describ-
ing behaviour, it is best to state what is seen in the
manner of the descriptive sentence above.

Objective description of behaviour can be at
various levels of detail. When considering the hen
mentioned already, her behaviour could be
described in terms of:

● The contraction of each muscle.
● The movement of each group of muscles.
● The movement of one part of the body relative

to another, e.g. the wing is flapped or the legs
are moved with a running gait.

● The movement of the animal, or part of it, in
relation to the environment, e.g. moving from
point A to point B 3 m away or touching the wall.

● An effect on the physical environment, e.g.
flattening straw by stepping on it, knocking
over a food container or pecking a key.

● An effect on another individual, e.g. causing
another bird to move, eliciting a submissive
posture or a courtship display.

The decision as to whether to use much or little
detail, or to describe the consequence of the behav-
iour, depends upon the aims of the observation.

In selecting measures for a particular study it is
useful to know the array of behaviours the animal
is capable of showing. A largely complete descrip-
tion of such an array is called an ethogram, and
papers have been published which present an
ethogram for a species. These papers are necessar-
ily based on an extensive study of that species and
they can be very useful if the behaviour description
is precise enough. It is still necessary, however, for
the observer to spend some time becoming familiar
with the behavioural repertoire of the animal. It is
likely that any detailed behavioural study will add
to our knowledge of the repertoire and organiza-
tion of that animal’s behaviour, so no ethogram is
ever complete. The actual selection of measures
should take account whether or not the measures
are independent of one another; for example, one
activity may necessarily be preceded by another or
may prevent the occurrence of another.

When considering the level of detail of description
it becomes apparent that some behaviours like sleep
are continuous, while others like walking are a series
of repeated movement sequences and others like dis-
plays or grooming are made up of sets of recogniza-
ble units. Rowell (1961) distinguished between acts,
such as a finch bill-wiping: ‘bending forward, wiping
the bill on the perch and resuming an upright pos-
ture’ or a step during walking, and bouts such as a
sequence of walking with a gap before the next
sequence. The question of how to decide, for activi-
ties such as walking, preening, eating or displaying,
when a bout ends is discussed by Broom (1981).
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When acts can be grouped together into longer
units, because they are frequently combined in a
particular way, this probably reflects some neural
control circuit and it is convenient to use a word
for that unit. Many of our measures of behaviour
are of this kind. The units might be movements in:
prey-catching, other food acquisition, grooming,
courtship display, mating or parental behaviour
and these are often referred to as action patterns.
As discussed by Broom (1981), the term ‘fixed
action pattern’ has been used in the past, but care-
ful studies show that the action pattern is fixed
neither in detail of sequence nor in a genetic sense,
so the term is inappropriate: ‘action pattern’ is
sufficient.

More prolonged sequences of individual behav-
iour by domestic animals requiring description on
occasion include stereotypies (see Chapter 23) and
rhythms. ‘A rhythm is a series of events repeated in
time at intervals whose distribution is approximately
regular and the more precise term periodicity means
a series of events separated by equal periods in a
time series’ (Broom, 1980). Rhythmic activities
include heart-beating, breathing, walking, flying,
chewing, being active rather than resting, diurnal
activity, oestrous behaviour and breeding. Some
methods of detecting and analysing activity rhythms
are reviewed by Broom (1979). Investigations of
sequences of behaviour show that rhythms can be
important variables affecting behaviour, so they
must be taken into account in certain sorts of behav-
iour investigation. For example, young domestic
chicks showed periodicities in walking behaviour
and heart rate with wavelengths of 24 h, 20–30 min,
13–15 s and 1–2 s (Forrester, 1979; Broom, 1980).

The basic mechanism for biological clocks is
present in a wide range of animals. Fruit flies, hon-
eybees, hamsters and humans all have a gene that
has the information to produce the PER protein
(Young, 2000; Toh et al., 2001). This protein acts
within the supra-chiasmatic nucleus (SCN) in
mammals to affect circadian rhythms. If the base
sequence in the gene – and hence the amino acid
sequence in the protein – is altered by as little as
one base pair, the circadian rhythm is changed. The
signals from the SCN activate a gene (CREM) in
the pineal gland coding for a protein (ICER) that is
involved in the production of melatonin (Stehle et
al., 1993; Foulkes et al., 1996). Melatonin levels
change with photoperiod length and lead to adjust-
ments in daily rhythms of behaviour.

In addition to the mechanism leading to the

occurrence of daily cycles of activity, there are
mechanisms related to annual cycles of activity
(Gwinner, 1996). Seasonally adaptive changes in
behaviour may be mediated by hormones, for
example an increase in the concentration of testos-
terone in the blood precedes the major changes in
the behaviour of the red deer stag at the beginning
of the rut in September and October in the UK
(Lincoln et al., 1972). Such effects are discussed
further by Wingfield et al. (1997).

The actual measurements of behaviour used will
depend upon the objective of the study. Careful
observation allows more sophisticated description.
For example, in Fig. 2.1, the dog’s posture, eyes,
facial muscles and tongue position indicate an
attentive individual.

Behaviour Measures during
Veterinary Examination

Behaviour is used during clinical appraisal and is
generally qualitative, in that the presence or absence
of a certain kind of behaviour is noted, rather than
quantitative. The examination of the animal is more
reliable if some previous information about that
individual is available and if the reactions, as well as
the posture of animals or groups of animals, can be
assessed. The animal’s attitude, disposition and
temperament should be assessed before any
handling is performed. Its alertness and apparent
awareness of its general environment should be
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Fig. 2.1. Attentive dog: note posture and position of eyes,
face and tongue (photograph courtesy of C. Power).



noted. In particular, efforts should be made to
record the subject’s appreciation of visual, auditory
and positional stimuli. Eye movement, involving the
lids and orbit, is an important feature. A high
degree of exposure and mobility of the orbit sug-
gests anxiety, while a very fixed orbital position
may indicate some distress.

The animal’s willingness to move and the nature
of its gait are both important considerations. Does
the animal show reflex responses, either general –
such as the response to sound, or specific – such as
the response to a local stimulus, e.g. pressure on a
given site on the body? Reflex responses to local-
ized pain such as skin-pricking or pinching may
also be noted if circumstances indicate a need to
determine nerve function. Is there normal behav-
iour? This might include self-maintenance such as
feeding, response to offering food or body care.
The significance of acts of body care in a long
behavioural examination is considerable, since this
behaviour often ceases as a first sign of sickness.

Common actions, or their absence, should be
noted. For example, self-grooming and stretching
commonly occur after rising in healthy animals but
several factors, including illness in general, can
inhibit grooming and stretching reflexes. In cattle,
tonguing of the nostrils may be inhibited during ill-
ness. It has also been suggested that the eructation
reflex in ruminants becomes inhibited in many ill-
nesses and, as a consequence of this, distension of
the rumen develops and leads to the condition of
bloat that is associated with various illnesses in
ruminants. Recognition of such reflexes in normal
behaviour is an indication of good health and, con-
sequently, their absence suggests poor health.

In a behavioural appraisal, many postural
abnormalities are not shown unless the animal is at
rest in its usual environment. For this reason,
patient and quiet observation of the animal may be
necessary before abnormalities of posture can be
detected and appreciated.

Behavioural examinations are best performed in
a quiet space or enclosure with limited light, where
distractions will be minimal. Tranquillization
should be avoided. Parts of the examination that
may tend to excite the animal should be postponed
until the end. At the conclusion of the examination
it may be apparent that further, specialized clinical
tests and specific medical examinations are
required. In the course of convalescence, the behav-
iours of self-maintenance return to the animal’s
behavioural repertoire. An extended period of

behavioural examination of the animal in relaxing
conditions is helpful, perhaps using video recording.

Behavioural signs of pathological state are
reviewed in Chapter 22. In general, the use of
behaviour in clinical examinations has not yet uti-
lized modern techniques of behaviour assessment,
including sophisticated behavioural tests and aids
such as video recorders and telemetric devices,
which can tell the clinician much about the behav-
iour of the animal when it is not being examined.

Design of Experiments and
Observation Procedures

Before commencing a behaviour study it is impor-
tant to consider whether the design of the pro-
cedures to be used is adequate to allow reliable
conclusions to be drawn from the results of the
work. The first precaution concerns the effects of
the presence of the observer on the behaviour of
the animals. As mentioned above, an animal that is
being examined may behave in different ways in
the presence and absence of an observer. Small
animals like chickens, unless handled frequently
and gently from an early age, treat man as a
dangerous predator. Hence, their behaviour can be
affected very substantially by the proximity of a
person watching them. Other animals are also
affected by human presence so it is advisable, when
watching any of these animals, either to observe
from a hide or to carry out checks to ascertain how
much behaviour is changed by the observer.

Behaviour observation can be accurately repli-
cable if the definitions of measures and precision of
recording are sufficiently clear. It is desirable, if
more than one observer is involved, however, for
studies of inter-observer reliability to be carried
out. The possibility of bias, deliberate or unin-
tentional, should also be considered when design-
ing observation procedures. If two treatments are
being compared, wherever possible the observer
should be ‘blind’ in the sense that the treatment
category to which each animal belongs is not
known at the time of observation.

Wherever experiments are carried out, one or
more control situations should also be studied. For
example, in a study of the effect of a hormone
treatment on behaviour, a control group whose
conditions are exactly the same as the experimental
group, but with an inert substance given to the ani-
mal in the same way as the hormone, should be
used. Studies of behaviour often require replica-
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tion, since unknown variables can sometimes lead
to spurious results. An illustration of such necessity
is the study of orders of movement of a group of
animals from one place to another. The order of
animals on one occasion, or in one situation, will
be affected by chance and may be substantially
changed by local conditions, so orders should be
recorded on several occasions and in several differ-
ent situations before any conclusion about social
relationships can be reached.

Whenever sets of observations are replicated, the
experimenter must be aware of any possible effects
of learning on the results. No animal that has 
been exposed to experimental conditions can be
assumed to be unaffected by them, so its behaviour
may be different during any repetition of these con-
ditions. In some studies these very changes are
under investigation or, as in the case of regular
movement orders, the situation is a very frequent
one in the animals’ lives so behaviour is not likely
to change rapidly, because of previous experience
of that situation. In other studies, however, an
unusual stimulus is presented to the animal and a
subsequent response to the same stimulus may be
either much less, due to habituation, or much
greater, due to sensitization. The design of experi-
ments is explained in more detail by Lehner (1996)
and Hawkins (2005).

Marking of Animals

One practical point about setting up experimental
studies concerns the marking of animals (Martin
and Bateson, 1993). Much more information can
be obtained from studies of behaviour where the
identity of individuals is known. The idea that ani-
mals behave in a ‘species-typical’ way has been
shown to be a gross oversimplification by observa-
tions of individuals. There is often considerable
variation amongst individuals in how they respond
to a particular situation and how they attempt to
cope with difficult conditions. If the animals are in
groups, then some form of marking is needed.

Sometimes, animals are sufficiently variable
without additional marking: dogs and cats may be
readily identifiable, and Friesian or Holstein cows
can often be distinguished individually by coat pat-
tern when there are not too many animals in the
group. Horses are commonly described according
to an internationally agreed procedure (Fédération
Équestre Internationale, 1981), and some of these
markings are sufficient to allow recognition during

behaviour observation. Animals such as dairy cows
are often marked with a collar, an ear-tag or a
freeze-brand. They might also be marked using
methods that cause a certain amount of suffering,
like an ear notch, or a great deal of suffering, like a
hot-iron brand.

Whenever animals are marked, care must be
taken to discover whether the mark itself affects the
outcome of the study. In a study by Burley et al.
(1982) with zebra finches, it was found that
coloured plastic leg bands (or rings), put on to
allow individual recognition, altered the attractive-
ness of the birds to the opposite sex. A red leg band
made a male more attractive to females while a
black leg band made a female more attractive to
males. Birds wearing green or blue bands were
avoided by members of the opposite sex. Other
effects of marks on animals include the possibilities
that the marking method or the mark may be
painful, that the social status of the animal may be
changed or that the vulnerability of the animal to
predators may be affected. In order to be aware of
the possible effects of marks on the study that is
being carried out, it is advisable to check such
effects separately. If marks are used, either all or
none of the animals should be marked.

The nature of the mark used will depend on the
requirements of the observer. Animals that are
watched only at feeding time may be identifiable
from a small ear-tag, but those ranging over a large
area need a large mark on the sides and back.
Where video recording is used, a larger and clearer
mark is needed than when direct observation only
is carried out.

Electronic methods of marking animals were at
one time too expensive or too bulky for widespread
use. However, very small attachable or implantable
capsules are now available, even for small animals.
These can produce a signal that identifies the ani-
mal if the appropriate receiver unit is available and
can also provide data on variables such as body
temperature, chemical concentration and physio-
logical change (Lehner, 1996). The advantages to
animal welfare of the traceability of animals that
are adequately marked are described in Chapter
21.

In some studies, a mark that persists throughout
the life of the animal is needed. This can be a tattoo
for dogs, cats, pigs or horses; an ear-tag for pigs,
sheep, goats, buffalo or cattle; a freeze-brand for
cattle, buffalo or horses; or a leg-ring or wing-tag
for poultry. Some electronic tags or transponders
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may function for a significant part of the animal’s
life, while some transponders are useful only when
the animal is close to the identifying equipment.
However, this equipment can be located in a
human home for companion animals or, for farm
animals, in animal accommodation and can oper-
ate gates, for example at the entrances to an elec-
tronic sow feeder, a boar pen or a farrowing area.

Temporary marking of animals can be carried
out using leg-rings or feather dyes for poultry and
hair dyes, paint, collars or coat-clipping for mam-
mals. Paints and dyes are available commercially,
as many farmers need to mark animals. Some dyes
or paints last for only a short time because the
mark itself fades quickly or because the animals
rub or lick it off themselves – or one another. The
life of the mark in the experimental situation
should be checked before the investigation proper
is initiated. It is possible to use numbers or letters
as marks on farm animals but it is easy to confuse
some of these if they become indistinct. Letters are
better than numbers as there are more of them,
even after confusingly similar letters have been
excluded. An example of heifers marked in this
way is shown in Fig. 2.2. If wear or other effects
might reduce clarity it is better to use combinations
of simple marks. Figure 2.3 shows an example of
marks on poultry that are distinguishable even if
feathers are ruffled or some loss of mark occurs.
The presence or absence of each of these marks in
four positions gives 15 possible combinations,
excluding complete absence of marks. Spots or bars
can also be used on pigs or other mammals. Collars
are suitable for dogs, cats, cattle, buffalo, goats and

some sheep, but there is a risk that they will come
off so a permanent mark is also necessary.

Sampling and Measuring

Several decisions have to be taken when behaviour
is to be measured and these are interrelated in that
they are limited by the capabilities of the observer,
and greater detail in one aspect means potentially
less detail in another. The first decision concerns
which animals to observe. If much detail from
direct observation is required, then it will be possi-
ble to observe only one animal at a time. This may
be an individual in its own pen or home or it may
be a focal animal that can move around within a
group. With appropriate sampling methods, data
on several or many animals at once can be collected
by scanning them, but information about each indi-
vidual is lost by sampling.

The information about one kind of behaviour
that can be obtained from observation and record-
ing might include:

● The presence or absence of the particular activity.
● The frequency of occurrence of each activity

during the observation period.
● The duration of each bout of each activity.
● The intensity of the activity at each occurrence.
● The latency of occurrence of the activity.
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Fig. 2.2. The dairy heifers in this photograph are each
marked with a letter to facilitate individual recognition in
a study of social interactions (photograph courtesy of
D.M. Broom).

Fig. 2.3. One example of how poultry may be marked
with spray colour. By painting lines across the backs of
the birds, one or more of the four positions may be
used, giving a large number of possible combinations.
The symbols are easily recognized, even when the
plumage is ruffled (after Jensen et al., 1986).



● The timing and nature of subsequent activities.
● The timing and nature of behaviour changes in

relation to physiological changes.

Continuous recording of behaviour

This technique can be difficult if many measures
are used, and recording aids (see below) are often
needed, but it offers opportunities for all the differ-
ent methods of analysis. Sampling behaviour
makes possible the collection of data on more than
one individual and it allows an estimate of the
duration of activities in situations where continu-
ous recording is not possible, but some information
is lost. There are three sorts of sampling that can be
used: two types of time sampling and behaviour
sampling (see Fig. 2.4).

Behaviour sampling

Also known as ‘conspicuous behaviour recording’,
this involves continuous observation of animals but
recording only certain kinds of behaviour. For
example, a group of dogs may be watched and all
occasions where one animal sniffs another
recorded in detail. Behaviour sampling may also
occur automatically in that a single action, such as
pecking a key by a chicken, may be automatically
recorded but all other actions are ignored. This
method is particularly useful for rare behaviour
patterns that might otherwise be missed.

Point sampling

Also known as ‘instantaneous sampling’, this
involves observing animals at regular, predeter-
mined points in time and recording whether or not
each of a range of behaviours is being shown at that
instant. As shown in Fig. 2.3, a useful estimate of
duration of the more common activities is obtained
if the observation period lasts long enough and if
the interval between the samples is not too long.
Rare activities might be missed altogether, however.
It is a problem of the method that observers tend to
try to include activities that do not actually occur at
the moment of sampling. A further problem is that
some activities take some time to recognize. For
example, when a cow is ruminating it takes a few
seconds to be sure of this since the characteristic jaw
movement takes time to identify and the animal
might be swallowing just at the moment of sam-
pling. The major advantage of this method is that it
can be used when many individuals are scanned, so
one person can collect much information.

Period occurrence

This type of recording (Broom, 1968b), often rather
confusingly called ‘one-zero sampling’, is another
form of time sampling in which the events which
have occurred during a predetermined time period
are recorded at the end of the period. Several
animals can be observed simultaneously because the
data do not have to be recorded continuously. As
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Fig. 2.4. Comparison of behaviour recording methods. A series of pecks by a chick are shown as if produced by an
event-recorder moving at a constant speed. If Continuous Recording was used, lines like those shown – or precise
times of stopping and starting each bout of pecking – would be produced. Point Sampling and Period Occurrence
would produce Yes or No answers at each time mark, as shown.



apparent from Fig. 2.3, this method has the advan-
tage that even rare events are not missed, but its
important disadvantage is that the figure obtained is
not a true representation of the actual duration of
each behaviour. If the period between samples is
short in relation to the activity bout length, how-
ever, then the figures obtained are quite good esti-
mates of activity duration. Period occurrence
recording is much easier than continuous recording,
except in some studies and where computer-linked
systems are available.

When social behaviour is described, it is often
desirable to produce data on general activity and
on specific kinds of interactions. In these circum-
stances more than one method of behaviour meas-
urement can be used simultaneously. In a herd of
cows, general activity can be recorded by point
sampling whilst rare events such as fights or mutual
grooming can be recorded by behaviour sampling.
The data from such behaviour sampling are pro-
duced as a list of initiators and targets of attacks, as
winners and losers of fights, as groomers and
groomed or as pairs of individuals associating.
These data are best analysed further by incorporat-
ing them in a spreadsheet. One important final step
is the statistical analysis of data. A survey of com-
mon statistical tests useful in behaviour studies,
modified after Martin and Bateson, is summarized
below. These tests are non-parametric if unmarked
or are parametric if marked with an asterisk.

1. Question 1: Does the sample come from a
specified population? (Tests of goodness of fit for
single examples)
Chi square test for one sample (nominal data)
Binomial test (nominal data)
Kolmogorov–Smirnov one-sample test.
2. Question 2: Is there a significant difference
between the scores of two unrelated samples; for
example, between the scores of two different
groups of subjects? (Tests of difference between
two unmatched samples)
Chi square test for two independent samples
(nominal data)
Fisher exact probability test (nominal data)
Mann–Whitney U test
Student’s t test for unmatched samples (‘t-test’)*.
3. Question 3: Is there a significant difference
between the scores of two related samples; for
example, between the scores of the same subjects
under two different conditions, or between siblings?
(Tests of difference between two matched samples)

Wilcoxon matched-pairs signed ranks test
Student’s t test for unmatched samples (‘t-test’)*.
4. Question 4: Are there significant differences
between the scores of several related samples?
(Tests of difference between k unmatched samples)
Chi square test for k independent samples (nominal
data)
Kruskall–Wallis one-way analysis of variance
Analysis of variance*.
5. Question 5: Are there significant differences
between the scores of several related samples; for
example, between the scores of the same subjects
measured under several different conditions? (Tests
of difference between k matched samples)
Friedman two-way analysis of variance
Repeated measures analysis of variance*.
6. Question 6: Are two sets of scores associated?
(Measures of correlation between two samples)
Spearman rank correlation coefficient
Kendall rank correlation coefficient
Pearson product–moment correlation coefficient
(‘correlation’)*.
7. Question 7: Are several sets of scores associated;
for example, are the scores of one group of subjects
consistent when measured several times, or is there
an overall association between several different
measures for the same set of subjects? (Test of
concordance between k rankings of the same subject)
Kendall coefficient of concordance.

Recording Aids

Behaviour recording is often difficult because events
occur too quickly to write down both the nature of
the event and the time at which it occurs. When
making a written record of behaviour, much time is
saved by using a single-symbol abbreviation of the
title of a measure. If a sampling procedure is used,
then a recording sheet can be prepared with spaces
for writing symbols or ticks at the predetermined
time intervals. For continuous recording, the sim-
plest method is to use a stopwatch on a board with
squared paper on which a line across the page rep-
resents time – for example, 30 or 60 s. The hand is
moved across the page and symbols are written at a
point on the line that represents a certain time. The
duration of each activity can then be measured as
the total distance on all the lines on the page where
that activity was recorded. The next step is to use a
computer-linked recording system. Keyboards
adapted for rapid use facilitate efficient recording.
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Where behaviour changes are very rapid, tape
recording and video recording are of particular
value. The study of birdsong and many other
detailed sequences of behaviour have been facili-
tated by the possibility that behaviour could be
recorded and then slowed down. The data can also
be played back repeatedly. A representation of a
sound sequence can be produced electronically.
Video recording also has the advantage that
animals can be observed by a camera rather than
by a person, so observer disturbance can be mini-
mized and there is no necessity for an observer to
be present. For some sorts of behaviour recording,
automatic systems that monitor movement or out-
put from various forms of sensors can be used.

Field Studies

Studies of animals in a natural or semi-natural
environment provide valuable information about
their range of behaviour and how they allocate
resources, but there is a considerable likelihood
that behaviour will be altered by the presence of an
observer. Hence if wild, feral or free-ranging
animals are to be watched, then aids to distant
observation are needed. Close observation requires
the use of a hide unless the animals are fully habit-
uated to human presence. Experiments can be very
valuable in field situations: for example, animals
can be presented with food items, sounds or scents.

Test Situations

One type of test that has provided information
about the biological needs of animals is the prefer-
ence test. Any investigation of animals in a varied
environment offers the opportunity of finding out
what animals choose to do, but specific choice or
operant tests are also possible. Different foods,

flooring, housing design, companions, tempera-
tures, light levels or air flow conditions can be pre-
sented. Tests of strength of preference are important
in animal welfare research (see Chapter 6).

Another procedure, useful in behavioural
research, is to deprive the animal of some resource
or ability in a controlled way and then to monitor
behaviour when the deprivation period ends. The
effects of deprivation of, for example, particular
foods, social contact or space to flap wings for a
long or a short period can be assessed by recording
immediate and long-term changes in behaviour.
Deprivation is often used as a prelude to studies of
learning. Domestic animals perform very well in
learning tasks provided that they are given
adequate cues and the responses required are
appropriate.

Other test situations include exposure to a novel
environment and tests associated with reproduc-
tion. If an animal is moved to a new pen, some-
times misnamed an ‘open field’, it shows
exploratory behaviour and may also be disturbed
by the conditions, so that responses associated with
adrenal activity are shown. Mating behaviour can
be tested by presenting an individual with a poten-
tial partner or a model, and parental behaviour can
be tested by exposing the animal to young animals,
sounds or models.

Further Reading

Describing and recording behaviour

Lehner, P.N. (1996) Handbook of Ethological Methods,
2nd edn. Cambridge University Press, Cambridge,
UK.

Martin, P. and Bateson, P. (2007) Measuring Behaviour,
3rd edn. Cambridge University Press, Cambridge,
UK.
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3 Experience, Learning and Behaviour
Development

Experience

During development, the expression of genes and
the synthetic processes that lead to the growth of
cells and organs into a particular form are
dependent upon environmental factors. In
adulthood, many genes are still active and a wide
range of bodily processes are modified by input
from the rest of the body – and the world outside
the body. Behaviour is controlled by the nervous
system and effected by muscles, bones, etc. within
the body. The environment affects the development
and continuing functioning of these (Bateson et al.,
2004; Gluckman et al., 2005). One consequence of
this is, as mentioned in Chapter 1, that no
behaviour is independent of the genetic information
in the animal and no behaviour is independent of
all environmental factors. Another consequence is
that every interaction between an individual and its
environment has a potential for modifying that
individual.

An effect of the environment on behaviour may
be mediated via sense organs or via other cells in
the body. For example, a change in environmental
oxygen concentration might result in a change in
behaviour without a sense organ being involved.
There is no fundamental reason for distinguishing
between such an environmental effect and one that
reaches the brain as a perceived stimulus. The
animal might discover that, if it goes to a certain
place, a wide variety of consequences, sensory or
otherwise, due to lack of oxygen follow. If it goes
to a second place a dangerous predator might be
detected. Each of these could be considered to be
part of the experience of the animal.

People often imply, however, that some sensory
perception has occurred when they say that
something is experienced. An experience is thought
of as a mental construct that results from some
event in the environment, not just of the body but
of the brain. Some experiences are a consequence of
changes in hormone levels or of other aspects of the

physical and chemical environment of the brain.
Many other experiences are a result of sensory
input. The input to the brain, however mediated,
will usually result from some change outside the
body. However, it will sometimes result from
physiological changes which are a consequence of
previous changes outside the body or from changes
that are entirely internal. An imaginary event might
lead to adrenal activity that will itself result in a
bodily change being experienced. An experience is a
change in the brain that results from information
acquired from outside the brain. Some experiences
are very brief, indeed, while others are very long-
lasting. Existing information in the brain affects
whether or not they are long-lasting.

Learning

When learning occurs, an experience of some kind
has led to a change in behaviour. This change must
itself be a result of a process within the brain, so a
definition is as follows. Learning is a change in the
brain, which results in behaviour being modified
for longer than a few seconds, as a consequence of
information from outside the brain. The reference
to ‘a few seconds’ excludes simple responses. The
experience and the consequence might range from
the effects of oxygen concentration on enzyme
action during the development of a motor control
mechanism to the effects of scarcely perceptible
signs on the behaviour of an individual in a
complex society. There is thus a wide range of
situations where learning occurs. This means that
it is frequent and involved in almost all aspects of
behaviour.

The brain mechanisms that make learning
possible include very complex processes in which
there is awareness of what is occurring, what has
occurred and what is likely to occur. Some authors
always attempt to provide simple explanations for
apparent learning rather than allowing for the
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possibility that complex leaning has occurred. Such
suggestions should be considered, but it is not
scientific to assume that these simple explanations
are always more likely to explain what is observed,
as is still stated in books and papers on the subject
(Roberts, 2000; Forkman, 2002).

If an animal has complex and efficient abilities, it
will use them where possible. Learning experiments
are important for people with a wide range of
objectives in their research and no-one studying
behaviour can ignore the effects of learning. Having
said this, however, it is apparent that many events in
the environment of an animal do not lead to any
change in future behaviour. Some events are not
detected by the animal; some do not reach decision-
making centres as a consequence of sensory filtering
mechanisms. One question of fundamental import-
ance is how animals learn to ignore irrelevant cues
(Mackintosh, 1973). Such learning occurs partly
because animals have a predisposition to respond to
certain cues, associating them with particular actions
(Lorenz, 1965; Shettleworth, 2000), and partly
because responsiveness changes with the repetition
of cues.

Predispositions to learn

The fact that, out of an array of detectable cues,
animals are much more likely to learn to associate
some of them than others with an action or another
cue has been discussed at length by Bolles (1975). He
points out that a rat is more likely to learn to show an
avoidance reaction to an aversive stimulus, such as
an electric shock, and learns faster than learning to
respond to a signal indicating imminent food arrival
by the pressing of a lever. This is explicable because
rats which modify their behaviour quickly when a
cue indicating danger is recognized, will produce
more offspring than rats which are less good at doing
so. An animal may also learn, because of negative
reinforcement, when a harmful or unpleasant
consequence is prevented by an action of the animal.
Since novel objects that might be poisonous or
otherwise hazardous are best avoided, it may be
adaptive to take time to learn about new food.

The work of Shettleworth (1972, 1975, 2000)
shows that some sorts of responses are very
difficult to associate with food while others are
associated easily. Food was presented to hamsters
on a series of occasions when they were carrying
out some activity. The hamsters learned readily to
associate some activities with food but did not

learn as readily with other activities. Pressing a bar
in the cage, rearing on their hind legs in the centre
of the cage, scrabbling or digging were all increased
in frequency if food was presented at the instant
that they occurred. Washing their faces, scratching
themselves with the hind leg or scent-marking on
the cage were not increased in frequency by food
presentation. The activities that the hamsters did
learn to associate with food were more like those
involved in food-finding and acquisition.

The examples given above are of learning to
associate a cue with an action. Similar examples of
predispositions to learn could also be given for other
learning situations, for example habituation to cues
that might be associated with a dangerous predator is
less likely than habituation to minor disturbances or
social signals of minor importance (see next section).
Predispositions to learn develop as a consequence of
genetic and environmental factors, just like other
behaviour-controlling systems. Animals that had
more effective predispositions would have produced
more offspring, so genes that promoted effective
learning about predators would have spread in the
population.

Habituation and sensitization

If a flock of sheep is moved from a quiet field to one
near a road, they will show an escape response on
the first occasion that they see or hear a motor
vehicle pass along the road. Subsequent vehicles
elicit less and less response until each member of
the flock ceases to show any behavioural response:
it habituates. Habituation is the waning of a
response, which could still be shown, to a repeated
stimulus. The repetition might be very frequent or
as infrequent as once per day, but habituation
could still occur. The likelihood of habituation and
its rate would depend upon the nature of the
stimulus, its rate, its regularity and the state of the
animal. A stimulus like the sound of a falling pine
cone might elicit a startle response initially from a
sheep, but habituation would occur rapidly if pine
cones fell every minute and less rapidly if they fell
irregularly at a rate of five per day.

The sheep would not be likely to habituate to the
sight of a hunting wolf, however. Indeed, the
reverse might occur in that they would become
sensitized. Sensitisation is the increasing of a
response to a repeated stimulus. The wolf might
elicit a greater response the second time it is seen
than the first. A sound like a cracking stick might
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also elicit little response the first time, but more
and more response when it recurred. In each of
these examples the repetition might mean greater
danger than a single stimulus, so sensitization is
advantageous. Habituation is also an adaptive
process for it saves energy that would be wasted on
repeated response to a trivial stimulus, and it may
also prevent the animal from being detected by a
predator during a response to a trivial event.

Habituation could occur as a consequence of
receptor fatigue or adaptation of a neuron in the
brain pathway and it may be that such simple
habituation does occur. It seems likely, however,
that much habituation is just as complex as the
various forms of associative learning because it is
so specific. Sokolov (1960) describes the
habituation of the startle response in dogs to a
tone, but the reappearance of the full response
when these habituated dogs are presented with a
tone differing only slightly in frequency. Sokolov
also demonstrated very specific habituation of the
physiological startle response of dogs to the
duration of a sound. Broom (1968a) carried out a
similar experiment in which the behavioural
response of young domestic chicks, to a light
repeatedly switched on for 10 s and off for 20 s,
habituated. When the light was switched on for
only 5 s, so that it went off early, the chicks
responded and when it was left on for 15 s they
responded at 10 s when it should have gone off.
Such studies demonstrate that the animal must be
establishing a model of the environmental change
in its brain and comparing each input with that
model. This is much more elaborate a form of
learning than mere neuronal adaptation.

Important practical aspects of habituation
concern the waning of the responses of domestic
animals to handling procedures and housing
conditions. If much handling is likely to be needed
during an animal’s lifetime, as it is for most pets,
milking cows, breeding stock or show animals,
then careful habituation of animals to handling
procedures is necessary. Any new procedure or
item of equipment may need further training. The
sudden introduction of a different kind of food
container or vehicle for distributing food may
result in food refusal or escape responses, but
preliminary exposure and slow approach will allow
rapid habituation. Similarly, a different item of
clothing like a suit or white coat may elicit a
response in an animal that has habituated to a
person in their normal clothes. This last point is

especially important for animals taken to shows,
markets or other situations where there are many
people and other novel stimuli. Farm and
companion animals that are transported are often
not adequately habituated to handling, etc. and are
disturbed by the procedure (Grandin, 2000).

Experimental Learning Studies

Much of what is written about learning refers to
learning tests in laboratory situations, perhaps
misleading the reader into thinking that learning is
scarcely relevant to real life. Nothing could be
further from the truth, as learning is involved in all
of the functional systems. It is necessarily
mentioned in every chapter of this book. The
animal that is efficient in its ability to learn about
its physical environment, individuals of its own
species, sources of danger and resources of various
kinds will survive and reproduce. Poor ability to
learn such things means reduced fitness.

Experimental studies are of value, for it is
difficult to carry out controlled studies in the field.
Experimental results are vulnerable to errors of
interpretation, however, because in some studies
animals fail to learn because they are frightened by
the experimental situation or because either the
stimulus presented or the action required of them is
inappropriate. A sheep will not work in a learning
test if what it views as a dangerous predator is
present or if its long-term companions are absent.
Neither will a cat work readily for food that it does
not want to eat or a horse perform an action like
putting its foot on a lever.

Examples of experimental situations that have
been used for domestic animals include: (i) classical
conditioning, in which an animal learns to show an
existing response to a new stimulus; (ii) operant
conditioning, in which the animal learns to
perform an ‘operant’ response in order to obtain a
reward or avoid an aversive experience; and
(iii) maze learning, in which the animal learns to
take a particular path in order to obtain a reward.

These terms are consistent descriptions of
procedures, but it is likely that the changes that
occur in the brain during learning are similar in
different situations. In each situation, an environ-
mental change that acts as a positive reinforcer or
reward – increasing the likelihood of a response – or
as a negative reinforcer – decreasing the response
likelihood – is involved. Positive reinforcers include
various correctors of homeostatic imbalance (see
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Chapter 4) such as food, water, temperature change,
etc., and opportunities for social behaviour, sexual
behaviour or exploration. Negative reinforcers are
painful events, frightening stimuli or extensions of
homeostatic imbalance.

The classical conditioning studies of I.P. Pavlov, in
which the unconditioned response (UR, salivation),
normally shown to the unconditional stimulus (US,
food), is associated with the conditioned stimulus
(CS, a bell) as a conditioned response (CR) after
pairing of CS and US (Pavlov, 1927), may be
interpreted in more than one way (Forkman, 2002).
It could be that the dog reacts to the CS with the CR
because it cannot tell the difference between the CS
and the US. However, an alternative explanation is,
that the idea of food is evoked by the bell and then
salivation results (CS→US→UR).

Dickinson et al. (1995) and Balleine and
Dickinson (1998a) explain how devaluation
experiments can help to discover which of the
above is occurring. If an animal is conditioned to a
sound (CS) with a new food (US), the UR is to
approach the food. After learning, the animals start
to approach the sound. If the new food is given and
a nausea-inducing drug is given, the animals learn
not to eat the food, i.e. it is devalued. If the original
learning was CS→CR, the devaluation of the food
should not affect the approach (CR) response to
the sound (CS). If, however, the original learning
was CS→US→UR, the tone (US) should evoke the
approved response (CR). In rats and hens it is the
latter, more complex, learning that occurs (Holland
and Straub, 1979; Regolin et al., 1995; Forkman,
2001). This suggests a high level of awareness in
animal subjects as it would appear that the
individuals are aware of the significance of the CS,
i.e. the sound, in relation to the food (US). It has
also been shown (Haskell et al., 2000) that
frustrating chickens by depriving them of expected
food leads to behavioural changes that indicate a
CS→US→UR sequence (Forkman, 2002).

The best-known consequence of classical
conditioning on farms is milk let-down by dairy
cows in response to the typical sounds of a milking
parlour. Milk let-down is initiated by oxytocin
release following stimulation of the teat by a calf
attempting to suckle. Cows with calves soon start
to release oxytocin when other stimuli from the calf
are detected, and cows milked using a milking
machine may respond to other cues, such as the
sounds, in the same way. There is variation
amongst breeds of cattle with respect to how

readily such conditioning can occur, and old breeds
such as the Salers in France are much less ready to
let down milk to stimuli other than those
emanating from real calves than are Friesians or
Holsteins.

Pavlov’s original studies of classical conditioning
involved dogs, which show the unconditioned
response of salivation to the unconditioned
stimulus of detecting food. They started to salivate
at the sound of a bell if the bell had been paired
with food presentation on a number of occasions.
The bell is referred to as a conditioned stimulus
and the salivation as a conditioned response. Using
these terms, milk let-down becomes a conditioned
response to the conditioned stimulus of clanking
noises, etc. in the milking parlour.

Farmers need to be aware of the fact that milk
let-down in a parlour is a conditioned response and
that such learning depends upon adequate training.
If disturbing stimuli are present in the milking
parlour, the young animal may not learn and the
older animal that is conditioned may be inhibited
from showing the response. As Kilgour (1987)
pointed out, any veterinary work involving
discomfort for the cow should not be carried out in
the milking parlour but in a separate facility.

Another form of associative learning is operant
conditioning. The action of carrying out the
operant, such as switch pressing, is increased or
decreased according to the outcome of the
behaviour (Domjan, 1998). Sheep and pigs, studied
by Baldwin (1972, 1979), learned to operate a
switch for food, light or heat. A sheep was able to
switch on a heater over its pen by putting its nose
in a slot and breaking a beam monitored by a
photocell; it learned that, when the ambient
temperature was low, it could warm itself by the
operant behaviour of putting its nose in the slot.
Sheep did not do this when they had a full fleece
but only when they had been shorn.

Operant conditioning, which is also called
instrumental conditioning, may involve a reward
or positive reinforcement. For example, when a
dog sits, this operant response is followed by the
receipt of a biscuit. This reward positively
reinforces the action of sitting and increases the
likelihood that the dog will show the behaviour in
the future. If, on the other hand, a response stops
or prevents a negative consequence of that action,
the animal may learn because of negative
reinforcement. For example, a dog showing
submissive behaviour is less likely to be bitten by
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another, stronger dog. The negative reinforcer of
biting increases the probability that the dog will
learn to show the action of showing submissive
behaviour.

Very many studies of this kind have been carried
out by experimental psychologists using rats
pressing a lever for a reinforcer – such as food in a
‘Skinner box’, in which the lever pressing and food
delivery are automatically monitored. Some
experimentation has involved studying the effects
of different schedules of reinforcement. If food is
delivered every fifth time that the lever is pressed,
this is referred to as a fixed ratio of reinforcement
(FR5 in this case). Animals still learn when the
ratio is very high and this is not surprising because,
in wild conditions, they might often need to carry
out a food-searching behaviour many times in
order to obtain a food item.

As a consequence, animals may repeat many
times, a movement that has resulted in reinforce-
ment. A dog was readily trained to bark 33 times
for small food rewards (Salzinger and Waller,
1962). Dogs that are occasionally fed scraps when
their owners are eating and which sometimes bark
in this situation may associate barking with feeding
and bark even more. The operant response of
barking is effectively reinforced on a large, rather
variable, ratio of responses to rewards, but the dog
still learns the association and the barking may be
perceived as a problem by humans. When a
stimulus or behaviour is no longer followed by a
reinforcer, the learned response will rapidly or
gradually disappear: this is extinction of learning. If
the owner of a dog ceases to give a food scrap when
barking occurs, extinction of the barking response
occurs. However, occasional reinforcement with a
food scrap (partial reinforcement) makes the
extinction very slow.

A quite different schedule of reinforcement is
that where the reward follows the operant
behaviour but only after a fixed interval. In a
laboratory experiment the animal still has to press
a lever in order to obtain food, but lever pressing
has no effect except after the predetermined
interval. If the interval is long enough, animals
usually learn not to press the lever except when the
time of reinforcement is close. The existence of
quite accurate internal clocks is apparent from such
studies, as it is from observation of domestic
animals. Dogs may prompt their owners when it is
the time of a regular walk, cows use the operant
response of bellowing when it is time for the farmer

to collect them for milking and sows using an
electronic sow feeder enter the feeder more often at
the time that the daily feed cycle is about to begin.

The extent to which conditioning and other
learning occurs in everyday life, was exemplified by
Forkman (2002) as follows. A hen may approach
(UR) any worm-like object (US) but may also have
leaned by conditioning to approach (CR) any dark
leaves (CS) because it had found that there were
often worms (US) under them. It may have learned
by operant/instrumental conditioning to peck at the
front end of the worm because this stops it moving
quickly, so allowing the positive reinforcement of
ingesting the food to occur. Some worm-like
animals bite or taste bad (negative reinforcement),
so pecking at them is reduced or avoided. In an area
where there are no worms under leaves, extinction
of leaf-turning behaviour may occur.

Learning Ability of Domestic Animals

What learning is possible for domestic animals?
Observations of behaviour and experimental
studies of learning show that they can, for example,
learn to: navigate in their environment, distinguish
the qualities of food, return to food sources, avoid
physical dangers, minimize predation risk,
discriminate individual animals and respond
differentially to individuals according to previously
acquired information. Studies indicating such
abilities are described here.

A form of associative learning in which several
successive responses are associated with a
reinforcer is involved in learning how to get from
one place to another. Domestic animals readily
learn their way around the area available to them
around human houses or on farms, so it is to be
expected that they can learn to run mazes. Kilgour
(1987) compared the performance of several
species in a variable (Hebb–Williams) maze, which
involved a set of six different simple detours to
reach an objective by walking. A score of 100%
could be obtained if the animal solved the problem
in the first four of eight runs given daily, and slower
learning resulted in a lower score. He used various
farm animals, dogs, cats and man. The learning
scores were 99 for children, 90–93 for dogs, cows,
goats and pigs, 85 for sheep, 81 for cats and rats,
61–66 for hens and pigeons and 48–53 for mice
and guinea pigs. Using a score based upon numbers
of errors, sheep were as good as cows and dogs but
pigs were less good.
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Some results from such experiments might be
affected by variation in motivational state,
especially that of being frightened, but it is clear
that the farm animals performed very well. A wide
range of further studies show that farm animal
species and dogs can learn simple and complex
tasks with great rapidity. The maximum possible
performance in any one of a wide range of learning
situations is probably the best indicator of learning
ability. Using such a criterion, cattle, sheep, goats
and pigs learn at least as well as dogs. Horses may
be slightly less good at learning but there are
surprisingly few well-controlled studies on them.
Domestic fowl perform somewhat less well, but all
of these species are very competent at various tasks.
Measurements of brain size, or brain size in
relation to body size, offer little additional
information (Broom, 2003). For mammals, the
degree of folding of the cerebral cortex may be
related to intellectual ability. The ungulates such as
sheep, cattle, goats, pigs and horses have more
folding than most mammals, with only the
primates and whales clearly showing more folding.

Observations of learning in the real world,
which domestic animals encounter, offer the most
impressive evidence of their ability. Pet-owners are
familiar with the abilities of their animals to learn
how to get food and other resources in their daily
lives. Grazing animals are often thought to lead an
uncomplicated life, but recent research shows that
this is certainly not so. As explained in Chapter 8,
sheep and cattle are very selective about what they
eat and they have to learn about all the different
plants they encounter. They also have to learn to
identify patches of good grazing and to return to
them after intervals so that they obtain adequate
quantities of a good mix of plant material without
wasting energy going to places that have not
regrown after the last grazing.

These animals live in groups with an elaborate
social structure and they have to learn a lot about
other individuals. The most complex tasks in the
lives of animals are those associated with
establishing and maintaining social relationships.
Hence, pack-living dogs or wolves and flock- and
herd-living farm animals have to have a
considerable intellect for this purpose alone.
Farmers are accustomed to rapid learning by farm
animals to the extent that they may not appreciate
that much is being demanded of the animals. A
simple form of conditioning with a negative
reinforcer is learning to avoid an electric fence.

Some individuals explore the fence and learn to
avoid it after receiving a shock. Some learn, by
watching others, that the fence has some
unpleasant characteristics. A few discover that,
while a moist nose applied to the fence results in a
substantial shock, a touch with a better-insulated
area has less effect, so they monitor the fence at
intervals to check that it is still activated.

The provision of food in troughs whose lids have
to be lifted requires quite sophisticated operant
conditioning, as does the use of Callan–Broadbent
doors (see Figs 3.1 and 3.2). One of these doors (or
gates) opens only when the cow wearing the correct
transponder comes close to it. Hence, a cow that is
newly equipped with such a transponder and then
faced with a row of doors has to learn that food is
available to it when it pushes down with its head
on one of the doors in this row. This very complex
task is learned very quickly by most cows with little
training. In experimental studies, Langbein et al.
(2004) were easily able to train goats to respond to
a picture in order to obtain water.

Another complex automatic feeder whose
operation is readily learned is the electronic
feeding-stall for cattle or sows, which again
depends upon the wearing of a transponder but in
which the operation is more complex. Problems
associated with training animals to use these stalls
are more to do with social contact with other cows
or sows near the feeder than with the operation of
the system. Not only do the animals learn to
operate these feeders, but they learn how to beat
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used for opening a Callan–Broadbent gate or for entry
to a feeding stall. The transponder is recognized
individually and an appropriate electrical response
initiated (photograph courtesy of D.M. Broom).



the system and obtain extra food by chasing other
animals out, by coming back in through the exit
gate or by banging the food dispenser so that it
delivers a few extra pellets of food. One sow in a
group wearing transponders on their collars and
fed in an electronic feeder learned that, if she
picked up a collar that had fallen off another sow,
she could receive an extra ration of food. In an
experimental study, pigs have been found to
discriminate between food sites, choosing the one
with more food or less difficulty of access (Held et
al., 2005).

The ability of sheep to distinguish other
individual sheep and individual humans has been
demonstrated by choice experiments and by
recording from cells in the modial temporal and
prefrontal cortex (Kendrick et al., 2001). Sheep
could discriminate between 25 pairs of
photographs of other sheep, could remember this
for more than 1.5 years and had the same neuronal
responses in the brain at the beginning and end of
this period (Broad et al., 2002). In the same study it
was shown that, when a ewe recognized a lamb,
there was an increase in the brain-derived
neurotrophic factor, in the density of receptors trk-
B and in the expression of messenger RNA in eight
regions of the brain. Other studies have shown that
young cattle can learn a task that requires them to
discriminate between two herd members (Hagen
and Broom, 2003), and sheep can discriminate
between photographs of calm or disturbed
conspecifics (Broom et al., 2005).

The ability of pet animals to acquire and use
concepts of objects and actions described by words

has long been assumed to exist by their owners, but
experimental studies are now demonstrating some
of these abilities. Ades (personal communication)
recorded the behaviour of a bitch when she was
given verbal orders without the possibility of other
information being provided. She would respond to
spoken words by actions such as pointing to with
body orientation or fetching any one of several
objects, such as a ball, bottle, key or toy bear. She
also learned to press one of eight symbols on a
keyboard when she wanted water, food, to go out,
to urinate, etc. The association of a completely
unrelated stimulus complex – a word or a visual
symbol – with an action or object indicates
considerable cognitive ability.

It is clear that a dog can respond to objects and
to a desirre for an action or resource. However, a
question that has been asked is whether dogs or
other animals have a concept of an object when
they cannot see it or otherwise directly detect it.
Young (2000) addressed the question by putting a
dog in a situation where it was accustomed to
being allowed to feed from one of three bowls. The
dog observed person A enter the room and place
food in one of the covered bowls, but could not see
which bowl had food put in it. The dog could also
see that person B was present in the room (who
could see into which bowl the food had been put).
A third person (C) was not present in the room.
Later, the dog was again allowed to see the three
covered bowls but with no olfactory cues to
distinguish them. One of the bowls was pointed to
by person B and another by person C. When the
dog was able to go to one of the bowls, it went to
the bowl indicated by person B. This study shows,
first, that the dog had a concept of the food that it
could not see; secondly, that information provided
by a person perceived by the dog to have accurate
information was used in preference to that from
another person. Persons B and C did not differ in
their history of providing accurate information.

Both dogs and cats can respond to human
pointing while, in the reverse situation, dogs
observed where a toy had been hidden by a person
and then indicated the position of the toy to
another person who might retrieve it (Miklósi et
al., 2005; Virányi et al., 2006). The same group
reported that dogs could watch a person and learn
to make a detour around a fence to reach a reward
(Pongrácz et al., 2001, 2005). Studies by Held et al.
(2001) showed that pigs could watch another pig
and learn from its actions how to choose correctly
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be opened by an individual cow’s transponder
(photograph courtesy of D.M. Broom).



which of four corridors to go down in order to
receive a food reward.

The most impressive cognitive abilities demon-
strated by a domestic animal are those shown by
parrots. Indeed, their abilities are at least as good as
those of apes. In the studies by Pepperberg (2000)
the subjects were African grey parrots (Psittacus
erithacus). One parrot learned to respond to and
say words referring to 50 different objects, seven
colours, five shapes and quantities from one to six.
The parrot could use the words ‘no’, ‘come here’, ‘I
want to go out’ and ‘I want’ (a particular object).

Combinations of words could be used. For
example, when asked ‘What is in the box?’, the
parrot could answer ‘five red squares’. If asked
‘How many blue circles are in the box?’ when there
were 15 objects of various shapes and colours, the
parrot could answer correctly, ‘four’. The parrot
could also ask for items, for example, ‘want blue
bell’. In the course of Pepperberg’s studies, parrots
were observed to ask for absent objects, react to
hidden objects, use a tool to discover hidden
objects and, on seeing a person discovering an
object, to say after the object could no longer be
seen what it was and what colour it was.

Another kind of study that shows awareness of
learned actions and situations involves assessing
emotional and other responses to them. Mendl et
al. (1997) trained pigs to find hidden food and to
remember the task until the following day.
However, the pig had to work hard to obtain the
food and it thus remembered better how to find it
on the following day (Laughlin and Mendl, 2004).
If the pig was subjected to disturbing treatment
during the day after learning, the efficiency of
remembering was impaired (Laughlin et al., 1999).
It appears that the emotional disturbance affected
memory consolidation.

A different approach is to study the response of
an animal that learns. Langbein et al. (2004),
studying goats that learned to respond to a picture,
found that the heart rate frequency of the goats was
more variable after they had learned than before.
Hagen and Broom (2004) put young cattle (heifers)
in a pen where they had to put their noses in a hole
in the wall of the pen in order to make a gate open,
thus allowing access to a bucket of food 15 m away
in a field. The heifers learned to do this and were
watched by control heifers that spent the same time
in the pen and then gained access to the food
bucket, but the actions of the latter did not cause
the gate to open. When compared with the controls

and with heifers that had already learned to open
the gate, the heifers that were just learning the task
had higher heart rates and were more likely to show
excited behaviour such as running and jumping. It
seemed that the excitation was associated with the
time of learning, and so might be a response to it – a
‘eureka effect’. Broom and Barone (in press)
obtained a similar result with sheep.

Behaviour Development

There are two kinds of problem for the young
developing animal. The immediate problem is how
to survive during the first period of life when it is
very vulnerable to predation, to physical conditions
and to the risk of not obtaining adequate nutrients.
This is often quite a different problem from that of
the adult because the young animal is smaller, less
able to defend itself than are adults, subject to
attack by predators that might not attack its
parents and often requires different physical
conditions and diet from adults. The other problem
for the developing animal is how to change in such
a way that it becomes an effective adult. There is
often an assumption that most behaviour during
development is directed towards the adult
objectives, but the very high incidence of early
mortality in most species means that there is a high
selection pressure promoting efficient survival
mechanisms at this time.

Development of domestic chick behaviour

What does a young domestic chick have to do in
order to survive, grow and eventually become a
successful adult? In the early stages especially, it is
not possible to understand how behaviour changes
without knowing about the development of body
anatomy and the biochemistry and physiology of
the brain. Developmental changes in behaviour
start before hatching, but increase dramatically in
number and complexity after hatching. A summary
of pre-hatching and early post-hatching changes is
shown in Table 3.1. Some behavioural contact with
the mother occurs before hatching by the chick
calling and reacting to parental calls. Just before
hatching, the embryo chicks commence making
clicking noises. Vince (1964, 1966, 1973)
demonstrated that the chicks in a clutch of eggs are
communicating with one another by this means.
The clicks have the effect of accelerating hatching
by some chicks and hence synchronizing the
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hatching of the eggs in a clutch. A chick that
hatches early or late is more vulnerable to
predation, so synchronization is advantageous to
all.

After hatching, the young chick needs to
recognize the mother, keep the mother close or
follow her, make the mother do things which
benefit it, recognize anything dangerous and
respond in a way that minimizes the danger. Within
a short time after hatching, the chick needs to
develop an ability to look after itself: it must learn
about feeding, body temperature regulation and
many other aspects of life. The motor and sensory
ability of the chick is quite good at hatching, but
both improve during the first few days of life
(Kruijt, 1964). Pecking is an important way of
investigating the environment and it improves in
accuracy during the first week after hatching
(Padilla, 1935). Dark-rearing only slightly impairs
this improvement and corrections for distorted
vision are possible. The chick prefers to peck at
objects that are small, shiny, three-dimensional and
of certain colours. These preferences are modified
by experience during the first few days of life. The
chick has the sensory ability to see and hear the
mother in the few hours after hatching.

Newly hatched chicks, ducklings and goslings
approach objects larger than themselves and which
move at approximately walking speed (Lorenz,
1935; Hinde et al., 1956). These do not have to be
the mother, and particular visual or auditory
patterns are attractive. A flashing light or a rotating
disc could also be maximally effective visual stimuli

in attracting chicks. In normal circumstances, the
object that the chick sees with these characteristics
is the mother. The chick rapidly learns her precise
characteristics and is subsequently more likely to
follow something with these characteristics. This
period of rapid learning is associated with
particular structural and biochemical changes in
the chick’s brain.

At the same time as learning about its mother, the
chick is learning the characteristics of other aspects
of its environment and starting to avoid the
unfamiliar. The chick must form a neural model of
this familiar world in order that discrepancies can be
recognized and avoided in case they are dangerous.
The manipulation of maternal behaviour by the
chick is important for early survival. A cold chick
calls loudly and thus encourages the mother to come
and brood it. Chicks make twitter calls that
encourage the mother to stay with them and they are
able to copy her pecking movements. Hence, they
can learn from her as well as deriving protection
from her.

Development in each functional system

The chick whose development is described above is
very different from a sparrow or rabbit in its stage
of development when it emerges into the complex
and dangerous outside world. Animals that are
well developed when they are born or when they
hatch are precocial, whereas those that are helpless
are altricial (see Fig. 3.3). There is a continuum
between the two extremes, man being more
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Table 3.1. Some changes in the domestic chick’s anatomy, pysiology and behaviour during development from
fertilization (from Broom, 1981).

Change in Incubation (days – hatch at 21) First 7 days post-hatching

Behaviour Moves (4) Walk/preen/peck (1)
Reacts to light/sound (17/18) Copulate (2)
Pipping/clicking (18/19) Pecking accuracy improves (1–5)

Brain recording Cerebral activity (13)
Response to light (17) Latency drops (1)
Sleep waves amplitude lower (17–20) Spindle frequency less (1–5)

Brain biochemistry Spinal cord cholinesterase lower (6–10)
Optic lobe cholinesterase lower (18–21) Peak (2)
Alkaline phospatase lower (17–20)

Anatomy Basic structure established (8–12) Cold tolderance less (2–6)
No further gross change (17)
Albumen all utilized (18) Yolk all utilized (modern breeds) (2)



altricial than precocial, but some farm animal
species are at the precocial end of the scale.

After birth or hatching, the development of
sensory systems is affected by experience. For
example, animals reared in darkness have fewer cells
and fewer synapses between neurons in the visual
pathway. Studies of the functioning of the visual
system show that various sophisticated analysers do
not develop if the eyes are alternately covered or if
the environment is limited to vertical stripes during
early rearing (Blakemore and Cooper, 1970). Such
developmental changes will affect all aspects of
behaviour, as will the development of ability to make
certain movements. Altricial mammals do not avoid
a cliff in the early stages of life but, when perceptual
and motor abilities are sufficiently developed, they
do avoid it. Young domestic chicks, on the other
hand, avoid cliffs as early as 3 h after hatching. Their
depth perception and awareness of danger are
adequately developed by that age.

The development of predator avoidance may be
very unspecific initially; for example, there is an
increase with age in avoidance by young domestic
chicks of anything unfamiliar (Broom, 1969a).
Such general effects become more specific as the
complexity of experience increases. Studies with

rhesus monkeys, chimpanzees and domestic chicks
have shown that responses to relatively harmless
novel stimuli were less if the animals had been
reared in more complex early environments than if
they had been kept in more barren environments
(Broom, 1969b).

The recognition of specific predators also depends
upon experience. Lorenz (1939) reported that young
precocial birds showed a flight response to hawks or
falcons but not to flying geese. However, experiments
by Schleidt (1961) showed that this difference could
have been due to habituation to geese but not to
hawks. Models of hawks and geese can be
distinguished by ducklings, and both elicit responses
(Mueller and Parker, 1980), but extreme escape is
more likely to be shown if other birds have been
observed to show it. If an actual predator attack
occurs, surviving individuals usually improve their
ability to deal with such an attack as a result of this
experience. This is apparent when deer are chased by
wolves or larks are chased by falcons. The more
experienced individuals have learned tricks that help
them to escape.

During the neonatal period, a puppy is
comparatively helpless and dependent on the
mother. Suckling and care-soliciting are the main
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Fig. 3.3. Diagram of development from fertilized egg to adult showing that altricial animals emerge into the outside
world at an earlier stage of development than do precocial animals. The origins of arrows show the point of hatching or
birth (modified after Broom, 1981).



behaviours (Serpell and Jagoe, 1996). Before 2
weeks of age, neither their eyes not their ear canals
are open or functional. However, human handling
and noxious stimuli can elicit responses and
learning. In the third week of life, puppies develop
the abilities to crawl backwards as well as forwards,
to stand, to walk, to defaecate outside the nest, to
take an interest in solid food, to play-fight, to growl
and to wag the tail. These dramatic behavioural
changes are accompanied by an increase in alpha
waves in the electroencephalogram (EEG). A more
adult EEG pattern is not seen until about 8 weeks of
age. The socialization period in puppies starts at
3–5 weeks and continues until about 13 weeks. If
the dog does not have experience of a range of its
own species members during this period, it is likely
to have difficulty adjusting to normal canine social
life. Serpell and Jagoe (1996) explain how various
behaviour problems in dogs may be exacerbated or
ameliorated by experiences during development.

Behavioural efficiency in other functional systems
also develops with age and experience. Grazing time
increases during the first 4 months in calves as
ruminal function develops. Young animals are,
however, less efficient as grazers than are older
animals. Arnold and Maller (1977) and Arnold and
Dudzinski (1978) found that sheep reared with no
grazing experience for 3 years grazed much less
efficiently than experienced sheep (see Fig. 3.4).
Feeding by predators is also affected in some ways
by early experience; for example, the opportunity to
play with objects by dogs and cats can lead to some
refinement in sophisticated movements but no
change in certain killing movements (Hall, 1998).

Communication and courtship behaviour are
sometimes not very variable within a species, but
detailed studies show how much the final form
depends upon experience during development.
Although most bird calls develop normally when
birds are reared in isolation, they depend upon the
ability of birds to listen to themselves, for early-
deafened birds are abnormal (Nottebohm, 1967).
Songs of birds like chaffinches (Fringilla coelebs)
and white-crowned sparrows (Zonotrichia
leucophrys) vary according to the sounds of singing
birds heard during the juvenile period (Thorpe,
1958), and the songs of territorial rivals heard
during adulthood (Thielcke and Krome, 1991).

The mechanisms in the brain of a songbird that
are involved in song learning differ from one group
of birds to another and may include four ‘modules’:
(i) brain stem nuclei controlling song production;

(ii) telencephalic nuclei for producing learned
sounds; (iii) telencephalic and thalamic nuclei for
song learning; and (iv) telencephalic nuclei in the
ascending auditory pathway (Nottebohm, 1999).
Song development depends upon the nature of the
development of one or more of these modules as a
consequence of environmental input. For example,
when other birds sing, the bird itself sings or
hormonal changes occur, song may be modified.
Although most changes during the development of
birdsong occur quite early in the bird’s life, there
are circumstances when later innovation in song
occurs and is adaptive (Slater and Lachlan, 2003).

Developmental studies of sexual behaviour in
the jungle fowl, the wild ancestor of the domestic
fowl, show that movements involved in courtship
and mating appear in the behavioural repertoire at
an early age but become organized into sequences
and used at appropriate times as the bird gets older
and more experienced. Jungle fowl, guinea pigs,
rats, cats and rhesus monkeys reared with
insufficient contact with social companions show
abnormal courtship and mating behaviour.

Mate selection is substantially affected by early
experience. The discriminations between potential
mates are very subtle, and many animals devote
much energy to behaviour that maximizes the
chances of obtaining a high-quality mate so that
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offspring are likely to be successful. Many studies
of waterfowl have shown that birds reared by
foster-parents often directed courtship to that
species when they became adult. For example,
Schutz (1965) found that male mallard ducks, the
most common domestic duck species, reared by
their parents for 21 days but by another species
from 21–49 days or later, showed most sexual
behaviour when adult towards the other species.

Studies of zebra finches (Poephila castanotis),
exposed to their own and another finch species by
Immelmann (1972) and then by Cate (1984),
showed that the later mating preferences of males
depend upon the species that is active as a parent
during the rearing period, the species of the other
young reared with them, the species with which
they interact after fledging, their age at each of
these contacts and the duration of the contacts.
Cockerels, turkeys and doves reared alone by hand
will court and attempt to mate with a human hand,
but prolonged contact with females of their own
species usually reverses this (Schein, 1963; Schleidt,
1970; Klinghammer, 1967). Within a species, work
on quail has demonstrated that the sexual partners
chosen are those that are similar to but not
identical to the birds that were present during the
first 35 days of rearing (Bateson, 1978).

Much social behaviour, as mentioned already, is
complex and difficult to learn, so it is not
surprising that its development is slow, prolonged
and greatly affected by experience. Isolation
rearing does not prevent the development of the
motor patterns involved in fighting, threatening or
caring for mate and offspring. It does alter the
production of social signals and the timing of all
behaviour during social interactions, so that
isolation-reared animals are socially incompetent.
Mason (1960) and Harlow (1969), working with
rhesus monkeys, found that their social behaviour
after 6 months of social isolation was drastically
altered and they tended to avoid other members of
their species when exposed to them. Monkeys,
rodents and cattle did badly in social competition
after isolation rearing and failed to ‘acquire
effective elementary communicative skills which
serve to coordinate and control the form and
direction of social interactions’ (Mason, 1961;
Broom and Leaver, 1978).

Broom (1981, 1982) describes how heifers that
had been kept in individual pens over the 8 months
from birth to turnout to pasture in spring were
quite inadequate in their social responses. In

encounters with heifers experienced in social
encounters they did not return the gaze, kept their
ears back much more when approached, failed to
retaliate if attacked and lost most competitive
encounters. As a consequence, they procured less
food in competitive feeding situations. These social
inadequacies persisted for at least 1 year.

Social encounters during development help
individuals to improve their performance in such
encounters. For example, in the development of
feeding, predator avoidance and social skills in
monkeys, innovative behaviour results when
individuals learn from one another in a social
group (Box, 2003). Domestic animals learn from
one another, especially from their mothers (see Fig.
3.5). Some of the improvement in ability to forage
effectively and manage other resources comes from
observing efficient individuals and doing what they
do. Predator avoidance improves with age, and
some of this is a consequence of being with and
copying experienced individuals. Farmers know
that, once an animal in a group learns to open a
gate, to manipulate a piece of equipment so as to
get more food or to intimidate a stockman, others
in the group are likely to learn to do it too. We have
much to learn about the role of social factors in the
development of behaviour and, in particular, of the
animal’s ability to control its environment.
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Fig. 3.5. Young animals learn by following the
behavioural examples of their mothers, for example, in
selection of pasture plants and avoidance of danger.
The mother goat is a Saanen � Toggenburg cross and
the kid is three-quarters Saanen (photograph courtesy
of D.M. Broom).
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4 Motivation

Introduction

When a dog steps out of the house or kennel in
which it lives, or a pig awakens after lying asleep in
the corner of a field or yard, what determines which
movements it will then make and which functional
system will be served by its behaviour? If a young
domestic chick is observed and its behaviour
categorized as shown in Fig. 4.1, what determines
the nature and timing of each transition from one
behaviour to another? What causes the chick to start
or stop pecking, preening or walking when it does?
These are questions about the motivation of the
animal. Motivation is the process within the brain
controlling which behaviours and physiological
changes occur and when. An understanding of
motivation is fundamental to all studies of
behaviour, and is especially relevant to most of the
questions asked about domestic animal behaviour
by those managing animals, e.g. concerning feeding,
reproduction and handling. An appreciation of the
subtleties of motivational systems is also necessary in
order that behaviour can be used as an indicator of
animal welfare. The explanation of causal factors
and motivation below is based on that by Broom
(1981), and a useful discussion of the issues is
provided by Toates (2002).

Causal Factors

The dog, pig or chick might initiate an activity that
is likely to result in obtaining food, such as

standing and walking to a place where food could
be present or starting to peck at the ground in a
particular place. A number of factors could affect
whether or not these behaviours are shown. There
might be sensory input to the brain about the
body’s environment, e.g. when a food odour is
detected or a possible food item is seen. There will
be internal input from body monitors, such as
those affected by gut distension or blood nutrient
levels, which provide information about general or
specific body deficiencies. There could be internal
input from oscillators within the body that produce
an output after a particular time and can indicate
normal feeding time or interval since the last feed.

Each of these factors has some direct relevance
to the feeding functional system, but the likelihood
of food-searching will also be affected by inputs to
the brain about other aspects of the animal’s life.
Possibilities include: (i) input about a skin irritation
that results in scratching and rubbing rather than
food-searching; (ii) input about the presence of a
potential mate, rival or predator that again leads to
some other activity being given priority over food-
searching; or (iii) various aspects of hormonal
status that change the likelihood of occurrence of
the various behaviours.

All of these factors mentioned above – and hence
the behaviour initiated – will be altered by the
previous experience of that animal. Many kinds of
previous experience might make a dog less likely to
start food-searching behaviour: (i) an odour of
food might be detected by the dog which it has
experienced on numerous previous occasions and
has never been followed by food being made
available to the dog, perhaps because it is from a
human food shop; (ii) the gut may be empty, but
experience shows that the gut has to be empty for
several hours before food is forthcoming; (iii) an
oscillator could indicate feeding time, but recent
experience might be that a more dominant dog
always gets to the food first, or the odour of a
potential mate could be detected and the hormone
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Fig. 4.1. Sequence of behaviour shown by young
domestic chick.



level could be high on frequent occasions when a
barrier to that mate is known to be present; or (iv)
the sound of people talking could mean that food
provision is imminent.

Each input to the brain must be interpreted in
relation to previous experience. Some inputs will
never reach the decision-making centre in the brain
because the interpretation results in their relevance
being assessed as zero. It seems likely that most
inputs will reach the centre after modification. The
actual inputs to the decision-making centre, which
are interpretations of a wide variety of external
changes and internal states of the body, are called
causal factors. At any moment there will be very
many different causal factors and the levels of these
will determine what the individual actually does.
Some causal factor levels will change very rapidly
because they are altered by rapidly changing
environmental events. Others, such as those that
depend upon the levels of certain steroid hormones
in the blood, change slowly.

All changes in behaviour are a manifestation of
the animal’s response to changes in causal factors.
The experimental investigation of the relationships
between causal factors and behaviour may involve
either attempting to find out all the effects on
behaviour of a single causal factor, or assessing the
effects of variation in a wide range of causal factors
on a single behaviour (Hinde, 1970). One difficulty
of research in this area is that causal factors cannot
be measured directly and some are very hard to
estimate at all. Many valuable studies have been

carried out, however, in which one activity or one
experimental manipulator of causal factors has
been studied in detail: for example, drinking or
effects of water deprivation. In order to understand
motivation in real life, however, work investigating
situations where more than one experimentally
modifiable set of causal factors is acting needs to be
considered. This approach was pioneered by
McFarland (1965, 1971), who worked initially on
feeding and drinking in doves.

Motivational State

If a pig is deprived of water, after some time there
will be input to the brain from: (i) monitors of
body fluids; (ii) sensory receptors indicating a dry
mouth; (iii) oscillators that would normally prompt
drinking; and (iv) other brain centres, indicating
that the animal is aware of the fact that drinking
has not been possible for some time. The change in
the state of the animal with respect to this group of
causal factors is shown in Fig. 4.2. As the levels of
these causal factors rise, there will also be increases
in the likelihood of drinking if the opportunity
arises and the extent of activities which should
result in water acquisition. If the pig were deprived
of food as well, then its state with respect to
another group of causal factors could be described
and combined in a plot indicating the consequences
of both food and water deprivation. In Fig. 4.3, a
pig whose state has reached B is more likely to eat
and to work in some way to get food than one
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whose state is at O, while an animal whose state is
at A is more likely to drink than one whose state is
at O. Indicating the state of the animal in this two-
dimensional state space plot allows interactions
between the two sets of causal factors to become
clear.

When a pig is deprived of water its state moves
up towards A on the state space plot, but it also
moves to the right because pigs given no water
cannot eat as much. The change in state of the
animal as a consequence of water deprivation is
shown as a trajectory for O to C1. If this animal
were then to be deprived of food as well as water,
its state would then move sharply to the right and
up further to C2.

The behaviour of an animal that is given the
opportunity to either eat or drink will depend upon
its state as represented in Fig. 4.3. A pig whose state
is at C2 is a little higher on the water deficit side, so it
might drink. This would bring its state down across
the boundary line to C3, at which time it might
switch to eating, thus lowering the causal factors
resulting from food deprivation. An example of a
possible course of the animal back to O is shown.
Various actual paths may be chosen by animals
whose state is manipulated in this way, and the
decision-making mechanism for switching from
feeding to drinking can be affected by whether or

not the animal has to search harder for the food or
use more energy to get the water (McFarland and
Sibly, 1975; Sibly, 1975; Toates, 2002).

In the state space plot shown, only two sets of
causal factors are considered. In reality, the
likelihood that the animal would eat or drink at
any moment would be affected by many other
causal factors as well. Each of these could be
plotted in the same way, so the motivational state
of the animal is its position in a multidimensional
causal factor space. Each of these causal factor
levels might interact with others in the same way
that those relating to food and water deficit
interact. A simpler definition, however, is that the
motivational state of an animal is a combination of
the levels of all causal factors.

Motivation Concepts

Early attempts to explain how it came about that
animals showed a behaviour when they did referred
to ‘instincts’, which were thought of as some
inherited property of an animal that made it act in
an automatic way in certain circumstances. The
term implied development without environmental
influence, an idea now discredited, and detailed
studies of behaviour showed that animals,
especially vertebrates, are far from being automata,
so the term is no longer used. The term ‘drive’ was
thought of by some people as a component of a
homeostatic control system and by others as the
agent causing a particular behaviour to occur. The
idea of a thirst drive that caused drinking and an
exploration drive that caused exploration was
criticized by Hinde (1970), who said that ‘Drive
concepts can be useful if defined independently of
the variations in behaviour which they are supposed
to explain’. Hinde follows Miller (1959) in
suggesting that it could be useful to think of ‘thirst’
as an intervening variable between effects on
animals (independent variables) – such as water
deprivation and amount of dry food eaten – and
behavioural responses (dependent variables) such as
amount of water drunk and rate of pressing a bar
for a water reward.

Figure 4.4 shows relationships of ‘thirst’ to six
variables. When these relationships were measured,
both bar-pressing rate and amount of bitter quinine
required to stop drinking had a linear relationship
with the level of a dependent variable supposedly
manipulating thirst, but the amount of water drunk
had quite a different relationship. Toates (2002)
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emphasizes the complexity of motivational systems,
which is demonstrated by such experiments, but
affirms that it is helpful to think of motivation as
involving incentive objects or goals. He explains
that the defence of body fluid volume depends upon
detection of interleukin concentration by neurons in
the brain, release of the hormone vasopressin,
action of this hormone in the kidney to conserve
water, secretion of renin from the kidney and hence
production of angiotensin, which acts in the
hypothalamus to initiate drinking.

Another view of motivation requiring comment
is that of Lorenz (1966), who thought of
motivation as an accumulation of action-specific
energy that is released when the action occurs.
However, energy is clearly an inappropriate term
for the accumulated potential to perform an action
and, although the potential to carry out some
actions may accumulate, this does not happen for
other actions. Hence, the concept might be useful
in certain situations but it is not a general model.
Similarly, ideas about general arousal or activation
(Berlyne, 1967) are clearly important, for animals
sometimes increase their responsiveness to a whole
range of inputs, but they do not explain a high
proportion of changes in behaviour. Levels of
arousal, referring to a defined range of effects, are
best thought of as causal factors that are combined
with others in decision making.

Observations of the behaviour of rats learning to
press a lever for a food reward led to ideas of
motivation as merely the link between a stimulus
and a response. Many people assumed that
behaviour could be explained as being the largely
automatic response to a series of stimuli from
the environment. Toates (1987) explains that
the stimulus–response model is inadequate in
important respects: ‘Contemporary theory sees the
animal as being (i) intrinsically active rather than
passive, even in the absence of impinging stimuli;
(ii) goal-seeking, or, in other words, purposive; (iii)
flexible; (iv) able to learn cognitions; and (v)
exploratory.’

The examples of motivational state already
discussed make it clear that animals are very far
from being automata and that they have complex
concepts about their environment. An appreciation
of an object or an event that is not directly
detectable or is not actually occurring at the time is
a cognitive representation. A dog that searches for
a thrown stick after it has lost sight or smell of it
must have some representation of that stick in its
brain whilst it is looking. A cow whose calf has
been removed has cognition of that calf during the
period when she is showing distress and, perhaps,
thereafter. Any animal that is working towards a
goal is utilizing cognitive processes in its behaviour
control. An example of purposive behaviour that
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requires cognition is the burying, by a rat, of an
object that sometimes delivers electric shocks (Pinel
and Wilkie, 1983). Various behaviours have been
recorded that have the effect of covering the
aversive object with bedding so that the rat does
not receive electric shocks from it.

An animal deprived of an important resource is
seldom just awaiting an appropriate stimulus so
that it can respond. Where the animal has the
capacity for cognition, many of the mechanisms for
preventing the continuation of a deprivation
involve reward and incentive learning (Dickinson
and Balleine, 2002). For example, an animal
deprived of food or water may have lower
perceptual thresholds for relevant stimuli (Aarts et
al., 2001). The cluster of neuronal representations
associated with particular food objects, positive
tastes and the joy of eating may be activated by
food deprivation (Ferguson and Borgh, 2004).

Two other terms that have been used when
referring to motivation are ‘conflict’ and
‘displacement activity’. The idea of motivational
conflict arose when people were trying to explain
situations where an animal was thought to have two
important drives, each of which would make it carry
out a different behaviour. Although the term conflict
appeared to be necessary when it was thought that
one drive operated at a time, it is of much less value
in modern thinking. Where there are very many
different causal factors, in a sense there is conflict all
of the time. Several different causal factors will
always be competing for the animal’s time and
energy. The situation where two activities are both
very likely because of the levels of the causal factors
that promote them is of great interest, but it is
different only in degree from all other motivational
states. The term ‘displacement activity’ has been
used for behaviour that appeared irrelevant to a
human observer, but seems to be of little value.

As emphasized in several chapters of this book,
the feelings and emotional states of animals have
much influence on their behaviour. Many decisions
are influenced by past and present feelings. Stimuli
remembered by an animal as being associated with
positive feelings will lead to quite different
responses from those associated with pain, fear or
other negative feelings. If a stimulus has been
associated with fear, it will tend to induce
avoidance and also a complex of behaviours
whose effect is to reduce the likelihood that there
will be a close encounter with the stimulus (Lang,
1995).

Monitoring Motivation

Although causal factor levels cannot be measured
directly, some estimate of the likely levels of certain
causal factors can be made by direct physiological
measurement. Blood sugar and hormones can be
assayed, for example. Most estimates of
motivational state, however, come from behaviour
observation, especially where the change in state is
rapid. Brain recording and brain chemistry
assessment can also be used. However, both sorts of
measurement can be misleading because, first, many
activities and brain states are common to a wide
variety of motivational states and, secondly, many
causal factor levels may be high without there being
any evidence of this from current activity. Additional
information about motivational state can be
obtained from experiments in which behaviour is
interrupted, stimuli are presented and brain activity
is artificially modified.

There is a large literature on a wide variety of
animals in which sequences of activities are studied
while various attempts are made to manipulate
motivational state. It is clear from such work that
changes from one behaviour to another may
depend much more on some causal factors than on
others. Sometimes, a particular causal factor has
much urgency, for example when a predator is
suddenly detected, so the fact that this input
overrides any others in determining behaviour is
not surprising because of the survival advantage.
Experimental studies have shown that activities
such as feeding and courtship sometimes seem to
have a higher priority than other activities such as
grooming or nest repair. Hence, it seems that the
input to the decision-making centre must include a
weighting that evaluates the importance and
urgency of that input.

These importance or urgency ratings should
therefore be regarded as causal factors. They will
certainly change according to the conditions of the
individual’s life. For example, grooming could be
very important if it is the eyes that require
grooming and the situation is dangerous.

Motivation can be investigated by experiments in
which an animal is trained to carry out an operant
response, and the amount of work that it will do is
related to particular positive or negative reinforcers
(see Chapter 3). Using such experiments, an animal
can be asked about its own criteria of what is
important at that time. Animals will work for food,
water and comfortable physical conditions. They
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will also work for access to social companions, for
opportunities to manipulate bedding material and
for certain kinds of novel stimulation. In some
situations it is clear that positive reinforcers can be
behaviours as well as objects or physical changes.
For example, young calves try hard to suck at teats
as well as to obtain milk, even after milk has been
drunk to satiation: the sucking behaviour itself is a
reinforcer. Herrnstein (1977) suggests that stalking
and capturing prey is a reinforcer for a predator,
this reinforcer being additional to the reinforcers
resulting from the ingestion of the prey. Ideas about
what constitutes a reinforcer are important for our
general understanding of animal behaviour and,
since absence of important positive reinforcers can
cause difficulties for an animal, for appreciation of
welfare (Hogan and Roper, 1978; Dickinson and
Balleine, 2002).

Motivational Control Systems

Body state is maintained within a tolerable range of
temperature, osmotic state, nutrient level, etc. by a
set of homeostatic control systems. The concept of
the tolerable range as that within which the animal
seeks to maintain itself is fundamental in biology. It
implies that there are tolerable ranges outside
which remedial action is taken. Some of the
regulatory actions are physiological, such as
sweating or changing blood vessel dilation, but
many are behavioural. Some of the variations in
state can easily be described in terms of body
physics and chemistry, as in temperature or blood
sodium level. Others, which might be just as
important to the animal, are not easy to describe in
that way: for example, level of total sensory input
or degree of reassurance from parental contact by a
young animal.

One sort of control mechanism works by
negative feedback (see Fig. 4.5). As displacement
from an initial state within the tolerable range
occurs, this change is monitored and, as soon as the
edge of the tolerable range is reached, some
corrective action is taken. Another form of control
that is similar but needs no sensory feedback is that
where a body variable such as blood glucose is
automatically prevented from passing a certain
level by a mechanism such as storage.

The major alternative to negative feedback is
feedforward control (see Fig. 4.6), in which a
displacement from the tolerable range is predicted
and a correction is made before the state changes.

As a consequence of many detailed studies of body
biochemistry and physiology, the importance of
negative feedback control has been apparent for
some time. A decline or an increase in causal factors
can often result in a sufficient change in
motivational state for a corrective behaviour or
physiological response to be made. Research on
animal behaviour is providing more and more
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Fig. 4.5. In negative feedback control, after the state of
the animal has changed a correction is made that
restores the state to the former condition. In the example
shown here, a drop in body temperature is detected and
corrective behavioural or physiological action (marked by
arrow) is taken. The dotted line shows how the state
would change if no correction occurred.
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Fig. 4.6. In feedforward control, a change in state is
predicted and corrective action taken before it can occur
so that the state changes little from its former condition.
In the example shown, a drop in body temperature is
predicted and behaviour or physiological action (marked
by arrow) is taken. The dotted line shows how the state
would change if no correction occurred.



evidence of feedforward control in operation.
Animals use a variety of cues and previous
experience to predict that the state will depart from
the tolerable range, and so they act in a way that
prevents this from happening. When feedforward
control is very efficient an observer may be unaware
that any change in state would have occurred,
because the action compensates for it exactly.

The realization that animals often predict likely
changes in body temperature, body nutrient levels or
social actions has resulted in our view of animals
changing to one of cognitive beings aware of the
complexities of their environment. Animals are
information-processing systems that utilize infor-
mation about how their environment is in relation to
how it should be. The idea that animals have a
‘should-be value’ or Sollwert for each important
aspect of their environment and that they compare
this with an ‘actual value’ or Istwert was presented by
Wiepkema (1985, 1987). The Sollwert is the animal’s
neural construct of the tolerable range. Related to
this is the animal’s expectation of what input it will
receive when it performs a certain action. It is
essential for simple movement control for animals to
have a model of the expected input following actions
with which they can compare actual input (Broom,
1981). With more complex actions too, the animal is
continually predicting changes in input and
comparing actual and expected input.

Many responses to perceived environmental
changes are not related just to that change, but also
involve predictions about what will happen next.
Studies of animals in learning situations show that
they not only associate successive events, but also
assess the probability that events will occur
(Dickinson, 1985; Dickinson and Balleine, 2002).
As Forkman (2002) says: ‘Any animal that can
predict the future has a tremendous advantage over
one that cannot. Predicting and to some extent
controlling the future, is really what learning is all
about.’ Rats running in a maze show clearly their
expectation of a food reward at the end if that
reward is not present or inadequate. Pigs fed at a
particular time of day change their behaviour in the
hour before feeding and cattle show responses if
their feed gate does not work.

Previous unpleasant experiences also result in
expectation, so that a cow that has experienced
unpleasant veterinary treatment in a crush may be
unwilling to enter it later (Broom, 1987b). Rushen
(1986) showed that a sheep which had been
roughly or painfully treated at the end of a race

was difficult to drive into and along that race on
subsequent occasions. Previous experience with
stockpersons can substantially alter later farm
animal behaviour and ease of management by
people (Hemsworth and Coleman, 1998).

If animals live in a world that they organize so that
many of the events in it are predictable and the state
of the animal is closely regulated, then it is logical to
ask whether unpredictability is especially aversive to
those animals. Work by Overmier et al. (1980)
showed that rats and dogs show a clear preference for
prediction and control over unpredictability and lack
of control. Predictable shocks cause fewer ulcers in
rats than do unpredictable shocks (Weiss, 1971), and
unpredictability in feeding after previous regular
feeding leads to increases in adrenal cortical activity
(Levine et al., 1972). If aversive events are predictable,
animals can prepare for them behaviourally or by
brain change. They can also prepare for events that
are not aversive. Inability to prepare makes body
regulation more difficult. Unpredictability of a wide
range of events is hard for animals to cope with and
can lead to adverse effects.

One kind of situation where there is no match
between expected and actual input leads to
frustration. If the levels of most of the causal
factors that promote a behaviour are high enough
for the occurrence of the behaviour to be very
likely, but because of the absence of a key stimulus
or the presence of some physical or social barrier
the behaviour cannot occur, the animal is said to be
frustrated (Broom, 1985). For example, Duncan
and Wood-Gush (1971, 1972) thwarted hens about
to feed by covering their food dish with a
transparent perspex cover. The hens showed
stereotyped pacing and increased aggression.
Feeding is often frustrated by the presence of
stronger rivals in group-housing situations. Some
frustration must be of trivial importance in the life
of the animal, but frustration can be so frequent
and involve so fundamental an activity that the
fitness of that animal is impaired. For a review of
the various circumstances in which frustration can
occur see Amsel (1992).

Brain Structure and Mechanisms in
Relation to Motivation and other

Behaviour Control

Aspects of brain structure and function involved in
behaviour control are listed briefly here. For a
review of neuroanatomy see Dyce et al. (1996) and,
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for nervous system structure in relation to its
potential malfunction, see Bagley (2005). Some of
the central nervous system involvement in the bull’s
threat display is shown in Fig. 4.7.

The vertebrate central nervous system (CNS)
consists of the following principle items:

● A spinal cord and brainstem.
● A highly organized cerebellum connected with

the spinal cord.
● Basal ganglia and their links with the brainstem.
● A diencephalon, including the hypothalamus,

linked to the pituitary and other endocrine glands.
● A limbic system consisting of parts of several

brain structures such as hypothalamus,
hippocampus, amygdala, mammillary bodies,
thalamus and cortex.

● A thalamo-cortical system mediating both
specific and non-specific sensory influences.

The functions of the reticular formation, an
important part of the brain stem, include the
production of general arousal in the CNS. States of
the central nervous system are regulated: for
example, sleep, wakefulness and degrees of alertness
and inattentiveness.

Three large subcortical nuclear groups – the
caudate nucleus, the putamen and the pallidum – are
collectively called the basal ganglia. Together, they
account for 5% of the brain mass. The basal ganglia
and several associated subthalamic and midbrain
structures are referred to as the extra-pyramidal
system. These nuclei participate in the control of
movements, together with the cerebellum, the
corticospinal system and other descending motor
systems. Although part of the motor system, the basal
ganglia do not project directly to the spinal cord.

In the hypothalamus, patterns of nervous
activities become integrated so as to establish the
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adaptive reactions of the animal. Much of the
influence of hypothalamic activity is directed at the
production of hormones in the subjacent pituitary
gland. The pituitary is the principal endocrine
gland in the body and its hormonal production is
all-important in the maintenance of the bulk of the
body’s activities, including behaviour.

The limbic system is a determinant and integrator
of strategic and tactical functions and is involved in
emotional behaviour and is a central representative
of the autonomic system. It includes portions of the
frontal lobe of the cortex, temporal lobe, thalamus
and hypothalamus, together with certain midbrain
parts (see Fig. 4.8). The limbic system contains neural
centres, such as the amygdala, that control aggressive
behaviour in its various forms. The limbic system, or
the paleomammalian brain, represents a device for
helping to cope with the environment. Parts of the
limbic system are concerned with activities related to
food and sex; others are related to emotions and
feelings and still others combine messages from the
external world. On the basis of behavioural analysis,
its regulation seems often to be inhibitory in nature.

Within the brain and spinal cord, many
neurotransmitters are involved in the various
functions. Acetylcholine (ACh) is the transmitter
used by the motor neurons of the spinal cord and
operates, therefore, at all nerve–skeletal muscle
junctions in vertebrates. ACh is diffusely localized
throughout the brain, but is highly concentrated in
neurons of the basal ganglia. It is important in the

autonomic nervous system, being the transmitter
for the parasympathetic neurons. In studies of
decision-making in mammals, much of which has
focused on primates (Damasio et al., 1996),
somatic states can influence decisions via, for
example, pathways to the striatum and anterior
cingulate, serotoninergic pathways to the anterior
cingulate and working memory in the prefrontal
cortex (Bechara et al., 2006).

Dopamine, noradrenaline (norepinephrine) and
serotonin (5-hydroxytryptamine) are important
transmitter amines. In the CNS, noradrenaline-
containing nerve cell bodies are prominent in the
locus coeruleus, a nucleus of the brain stem
concerned with arousal. These neurons project
diffusely throughout the cortex, cerebellum and
spinal cord. In the peripheral nervous system,
noradrenaline is the transmitter in the post-
ganglionic neurons and is thus the transmitter for
the sympathetic nervous system.

Dopamine-containing cells are located in, for
example, the substantia nigra, where the cells
project to the striatum; the midbrain, where they
project to the limbic cortex; and the hypothalamus,
where they project to the pituitary stalk.

Serotonergic cell bodies are found in the midline
of the brain stem and send fibres throughout the
brain and spinal cord. Histamine is concentrated in
the hypothalamus. Noradrenaline and dopamine
are catecholamines and serotonin is an indoleamine.
Catecholamines, indoleamines and histamine are
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all referred to as ‘biogenic amines’ and have
considerable effect on behaviour.

Several amino acids are transmitter substances.
Glycine and glutamate are two of the 20 common
amino acids that are incorporated into the proteins
of all cells; glutamate and 7-aminobutyric acid
(GABA) also serve as substrates of intermediary
metabolism. Glutamate is a transmitter in the
cerebellum and the spinal cord, while glycine is an
inhibitory transmitter in spinal cord interneurons.
GABA is present in neurons in the basal ganglia
which project to the substantia nigra; cells of the
cerebellum are GABA-minergic, as are certain
inhibitory interneurons in the spinal cord.

Many peptides have been found to be localized in
neurons (see Table 4.1) and to be pharmacologically
very active, causing inhibition, excitation or both.
Some of these peptides were previously identified as
hormones with known targets outside the brain, for
example angiotensin – or as products of neuro-
secretion, for example oxytocin, vasopressin,
somatostatin, luteinising hormone (LH) and
thyrotrophin-releasing hormone (TRH). In addition
to being hormones in some tissues, these peptides
may act as neurotransmitters in other tissues. These

neuroactive peptides are localized in regions of the
brain thought to be involved in the perception of
pain, pleasure and emotion. Peptides with opiate-
like actions include the endorphins and enkephalins.
These opioid peptides are involved in a variety of
functions, including the modulation of pain.

The pharmacologically active (alpha, beta and
gamma). An animal deprived of an important
resource is seldom just awaiting an appropriate
stimulus so that it can respond. Where the animal
has the capacity for cognition, many of �-, �- and �-
endorphins, together with adrenocorticotrophic
hormone (ACTH), melanocyte-stimulating hormone
(MSH) and the enkephalins, are derived from a large
peptide with 91 amino acids, pro-opiomelanocortin
(POMC). Particularly active is �-endorphin, which
is synthesized in the hypothalamus as well as in the
pituitary. Two pentapeptide enkephalins are met-
enkephalin and leu-enkephalin. The enkephalins are
also derived from the precursor molecule pre-
enkephalin and are synthesized in ribosomes and
transported within secretory vesicles to nerve
terminals. Unlike �-endorphin, the enkephalins are
widely distributed in the brain. The distribution
matches that of the opiate receptors.
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Table 4.1. Hormones and some of their sources (adapted from Schulkin, 1999).

Source Hormone(s)

Endocrine gland Some hormones secreted
Anterior pituitary/adenohypophysis Growth hormone (GH), prolactin, pro-opio-melanocortin 

(POMC), melanocyte-stimulating hormone (MSH), 
adrenocorticortrophin (ACTH), �-endorphin, luteinizing 
hormone (LH), thyroid-stimulating hormone (TSH), 
follicle-stimulating hormone (FSH)

Posterior intermediate pituitary/neurohypophysis Arginine or lysine vasopressin, oxytocin, dynorphin, POMC, 
enkephalins, �-endorphin,

Pineal gland Melatonin
Thyroid gland Thyroxine, calcitonin
Parathyroid gland Parathyroid hormone
Heart Atrial natriuretic factor
Adrenal cortex Glucocorticoids, mineralocortocoids, androgens
Adrenal medulla Adrenaline ( = epinephrine), noradrenaline ( = norepinephrine)
Kidney Renin
Skin, kidney Vitamin D
Liver, lung Pre-angiotensin/angiotensin
Pancreas Insulin, glucagon
Stomach, intestines Cholecystokinin, vasoactive intestinal peptide, bombesin, 

somatostatin
Ovary Oestrogen, progesterone
Testis Testosterone
Macrophages, lymphocytes Various cytokines



Substance P is a peptide concentrated in certain
neurons of the dorsal root ganglia, basal ganglia,
hypothalamus and cerebral cortex. It has been
proposed as the transmitter for sensory fibres
involved in mediating pain and is a transmitter
involved in the modulation of motor movement.
Transportation of transmitters may be fast, e.g.
acetylcholine, or slow, e.g. the catecholamines,
noradrenaline and dopamine. 

Hormones that Affect Behaviour

The nervous system and the endocrine system are
adapted for different roles, but contact between
them is essential since they are interdependent. The
two systems interact through neural secretion and
the priming effects of hormones on the brain.
Hormone secretion is subject to the influence of
many forms of stimulation. Endocrinologists now
recognize an elaborate system of interactions
between the animal’s own activity, the external
stimuli that it receives and its internal physiological
state. Any of these can alter so as to cause a change
in others.

The generation of cyclic AMP (adenosine
monophosphate) is the common biochemical
action of most hormones. In spite of this common
denominator, different target organ cells vary in
their abilities to be activated by different
hormones. This is a result of qualitative differences
in membrane receptor sites in different tissues.
Consideration of hormone physiology can be based
on the roles and effects of the endocrine system by
hormone production sites.

The actions of many hormones are described in
this book, largely where they affect behaviour or
are affected by behaviour and stimulation resulting
from it. They are involved in sexual behaviour,
regulation of water and salts, regulation of feeding,
biological clocks, parental care, attachment
behaviour, fear, stress and pleasure (Schulkin,
1999; Berne and Levy, 2000; Feldman and Nelson,
2004). The sources of some hormones that effect
behaviour are shown in Table 4.1.

Corticotrophin-releasing hormone (CRH) leads
to ACTH being secreted into the blood from
the anterior pituitary (anatomically the adeno-
hypophysis) and being transported via the blood to
the adrenal gland, where it initiates the output of
glucocorticoids. The most active glucocorticoid is
cortisol in cattle, sheep, pigs, cats, dogs and man
but, in rodents and poultry, corticosterone is the

most active. The role of the hypothalamus includes
the secretions of both anterior and posterior
pituitary lobes, the production of releasing and
inhibiting factors, the operation of feedback
mechanisms and the control of rhythmic phenomena
and sexual behaviour. Amongst releasing factors are
gonadotrophin-releasing hormone (GRH), which
acts on the anterior pituitary gland causing it to
produce and release luteinising hormone (LH) and
follicle-stimulating hormone (FSH).

The adrenal medulla is activated from the
sympathetic nervous system to produce adrenaline
(epinephrine) and noradrenaline (norepinephrine).
The effects on the body of adrenaline are complex
and various. In principle, this hormone prepares the
animal for gross physical activity in situations of
emergency. It is particularly responsible for
temporary increase in blood pressure in response
to stressful stimulation. Sudden increases in
adrenaline output are associated with events such as
male fighting and maternal protection. Adrenaline
also provides the basis for alarm responses in general.

Thyroid-stimulating hormone (TSH) is produced
by the anterior pituitary, which is anatomically
equivalent to the adenohypophysis. This hormone
initiates thyroxine output, which determines
metabolic rates, energy provisions and thermal
homeostasis. It is also concerned with reproductive
behaviour in general, since many reproductive acts
require suddenly increased energy output.

The posterior pituitary, which corresponds
anatomically to the neurohypophysis, produces the
hormones oxytocin and vasopressin. Oxytocin
encourages the outflow (let-down) of milk at
suckling and also plays a predominant part in
parturition. It is produced in various situations
associated with pleasure. Vasopressin is associated
with ACTH and its output and also functions as a
neurotransmitter.
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5 Evolution and Optimality

Introduction

The mechanisms that control behaviour have
evolved by natural selection like any other charac-
teristic of living organisms. Domestic animals still
have the systems of their ancestors, for defence
against predation for example, and these have
important effects on a wide range of their activi-
ties. Domestication has changed these animals
anatomically and, to some extent, physiologically,
but it has changed a relatively small proportion of
their behaviour. Evolution has continued during
domestication; new environments and active
selection by man have been important factors.

Many evolutionary adaptations of animals have
not occurred because of active human selection
during breeding. Man has looked for certain quali-
ties, but very many other qualities have changed
during the generations of association with humans
and some of these are not beneficial to man. The
species that were domesticated had to be suitable for
assisting in hunting, providing companionship or
providing meat, milk, eggs, wool, etc., but they also
had to have certain behavioural characteristics for
domestication to be possible. The potential for
showing reduced anti-predator responses to man,
low aggression to man and effective reproduction in
captivity were essential if these animals were to be
kept for human use. Given this potential in their
animals, the early domesticators and all those
involved with animal husbandry ever since have had
to be able to assess and interpret animal behaviour.

The way in which behaviour control mecha-
nisms must have evolved will be emphasized in
many of the chapters in this book, but it is useful to
refer first to some general principles concerning the
evolution of behaviour.

Variation, Heritability and Selection

There is much variation in behaviour amongst the
individuals of a species, and some of this variation

is a consequence of genetic differences. Much of
the research that has investigated the genetic
aspects of behaviour has been carried out on fruit
flies, other insects, fish or birds. Variation amongst
species of ducks in the displays they perform
during courtship were described by Lorenz (1941)
and used to classify the duck species. Certain
displays of ducks are common to several closely
related species but absent from others, so it is likely
that the mechanism for showing the behaviour has
been inherited from a common ancestor.

One study of variation and heritability of behav-
iour within a species (Scott and Fuller, 1965)
compared the behaviour of two breeds of dogs:
attempts to restrain Cocker Spaniel puppies
resulted in little struggling, but similar attempts to
restrain Basenji puppies led to much struggling,
avoidance and vocalization. Similarly, Jensen
(2002b) describes Retriever puppies as being
generally more inclined to retrieve, while Border
Collie puppies have a strong tendency to herd.
Dogs of these different breeds were selected for
particular characters. The genes function by inter-
acting with their environment, but the average
function following that interaction becomes
substantially different in the different breeds.
When Scott and Fuller crossed the two breeds, the
F1 hybrids behaved like the Basenji parent and the
back-crosses indicated that a single dominant gene
influences this behaviour in Basenjis. Other behav-
ioural characteristics are clearly affected by more
than one gene.

Behavioural differences amongst breeds are also
well known in farm animals; for example, Le
Neindre (1989) showed various consistent differ-
ences in behaviour between Salers and Friesian
cattle. These differences are important when recom-
mendations about management procedures are
being made, as the best method for one breed may
not be suitable for another. Some of the variation in
behaviour is relevant to welfare; for example,
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Håkansson et al. (2007) compared two strains of
jungle-fowl kept in identical conditions and found
that they varied in fear behaviour but not in
exploratory or social behaviour.

To what extent are such behavioural characteris-
tics heritable? Heritability is an indication of how
much a character or trait in an individual is likely to
be passed on to its offspring. Willis (1995) explains
that the mean heritability of those characteristics of
Labrador Retrievers that results in them being a
successful guide dog (Goddard and Beilharz, 1982)
is 44%, whilst the heritability of German Shepherd
dogs for retrieving was 19% for sires but 51% for
dams. Most characters of dogs showed much lower
heritabilities, so more information is now being
taken into account in dog breeding. The Best Linear
Unbiased Prediction (BLUP) technique takes
account of information on the dog itself, its parents,
siblings, half-siblings and progeny.

Natural selection acts on animals so as to
increase the proportion of some genes in the popu-
lation at the expense of others. If a gene’s action is
such that an animal shows a particular kind of
display during courtship and this display is more
effective at attracting a mate and hence producing
offspring than that shown if a different gene is
present, then the bearers of the first gene will be
more common in the next generation. There are
many examples of genetic variations in behaviour
that are less successful than the norm; one such
example comes from the work of Bentley and Hoy
(1972), who studied the songs of the male cricket,
Teleogryllus. These songs are produced by scraping
one wing over another and are a consequence of
nerve impulse output from central ganglia. If there
is a genetic difference that is such that the song has
too many or too few pulses in it, females are much
less likely to approach the singing male. Hybrids
between two cricket species were produced: the
males were intermediate between the parents in
normal output and song characteristics and less
attractive to females of the parent species.

In all aspects of life, some characteristics will
result in more offspring being produced than
others. Genetic variation can lead to more or less
efficient food-finding, predator avoidance, poison
avoidance, etc., and those genes which, on average,
result in better survival and offspring production
will become more common in succeeding genera-
tions. A gene is a length of deoxyribose nucleic acid
(DNA) with its particular arrangement of base
pairs, almost always in the nucleus of a cell. The

gene codes for a protein that could be structural or
could be an enzyme that promotes a key biochemi-
cal reaction in a cell. A very large variety of base
pair combinations, and hence proteins, is possible.
The product may be released from that cell, some-
times influencing hormones or nervous system
function, including sensory and analytical ability.
Many gene mutations result in gross biochemical
changes, for example: (i) improvement in produc-
tion of cyclic adenosine monophosphates (cyclic
AMP) plays a critical role in cell metabolism; or (ii)
in myosin production and hence in efficiency of
muscle contraction.

To say that a gene affects a trait does not mean
that it controls it, as most traits are affected by
many genes, but one gene failure can mean that a
biological feature cannot develop. Genes associated
with particular behavioural traits may be inherited
very frequently together with some other trait such
as an anatomical feature, i.e. the gene affecting the
behavioural trait and that affecting the anatomical
trait are linked. This means that they are close
together on a chromosome so relatively unlikely to
be separated by crossover during meiosis. Since
non-coding sequences of base pairs on chromo-
somes can be identified, it is now possible to use
these quantitative trait loci (QTL) to map genes.
QTL analyses have allowed the identification of
chromosomal regions influencing behaviour, for
example: (i) the tendency of honeybees to sting; (ii)
the cyclicity of activity in mice; (iii) preference for
alcohol in mice; and (iv) hypersensitivity in rats
(Jensen, 2002b).

Another technique, which provides some infor-
mation about the genetic basis of behaviour, is the
production of strains of animals in which genes are
‘knocked out’ or prevented from expression.
‘Knock-out’ animals, which are normal except that
they lack a particular gene, can be studied to help
in elucidating the function of that gene. For ex-
ample, Crawley (1999) showed that mice lacking a
gene for oxytocin production, and which as a
consequence failed to eject milk, also showed
reduced aggressive behaviour. A gene will survive
and spread if its effects promote that spreading and
survival.

Sometimes, behaviour can affect the survival of
other, related individuals and it is the overall
spread of the gene, in whatever individual, that is
important. This point, first made clearly by
Hamilton (1964a, b) and followed up by Wilson
(1975), Dawkins (1976, 1986) and Maynard-
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Smith (1982), has explained how natural selection
has led to many aspects of social and other behav-
iour. A behaviour which promotes the survival of a
close relative, including brothers, nieces, etc. as
well as offspring, can be selected for, in that genes
which promote it can spread in the population.

Since it is easier to consider individuals bearing
genes than the genes themselves, Hamilton (1964a)
introduced the term ‘inclusive fitness’ to refer to
gene frequency in terms of the effects of that gene
on individuals. Some genes affect the survival of the
bearer only, so individual fitness refers to the
number of offspring of that individual which them-
selves survive to breed. Other genes affect relatives,
so the inclusive fitness must take account of this.
Close relatives, such as offspring and siblings
whose coefficient of relatedness is 0.5, must count
for more than distant relatives, such as cousins, for
which the coefficient in this calculation is 0.125.
However, as Grafen (1984) points out, when
considering the effects of a particular gene which
results in helping relatives, only those individuals
which are actually helped should be included in the
calculation of inclusive fitness. In practice, the
number of offspring that survive to adulthood is
generally the best estimate of inclusive fitness.

All evolutionary changes can be explained in
terms of gene survival. The idea that a characteris-
tic might be present in an individual solely for ‘the
good of the species’ is now shown to be incorrect.
The problems of how social behaviour might have
evolved are explicable using Hamilton’s ideas, and
group selection ideas are unnecessary.

Ideas about Optimality and Efficiency

MacArthur and Pianka (1966) proposed that
animals are likely to have mechanisms for ‘the opti-
mal allocation of time and energy expenditures’.
The ‘currency’ which they proposed in order to
assess what was optimal was energy, e.g. for feed-
ing behaviour this would be the energy obtained
from food or utilized during attempts to obtain
food. Later studies have made it clear that energy
measurements are relevant in certain circumstances
but not in others. Energetically efficient food acqui-
sition would be of no use if the individual
concerned was then much more likely to be eaten
by a predator or much less likely ever to obtain a
mate. Where optimal refers to the whole life of an
animal, it should be measured in terms of the
fitness of the animal and, for behaviours that affect

relatives, in inclusive fitness. For behaviours such
as foraging for food (see Chapter 8), energetic effi-
ciency is of particular interest provided that it is
remembered that being able to achieve a good
energy balance is only one of the things that an
animal has to do.

As emphasized in Chapter 4, at all times individ-
ual animals have to decide on the allocation of time
and energy to functional systems. For example,
they decide to try to obtain water and then decide
how to do so. The initiation of behaviour that
serves a new function will also involve the termina-
tion of a previous behaviour, even if this is only
resting. A cow has to decide when to stop tending
her newborn calf, by licking it and staying near it,
and go off to find a patch of pasture and graze.
Genes that increased the chances that a cow would
leave her calf too early, before adequate licking and
a meal of colostrum, or too late, so that the cow
lost weight and could not lactate adequately, would
be less likely to survive in the population than
those that facilitated an accurate assessment of
biological priorities.

Another kind of decision is whether to forage for
food in a risky place where there is much food, or in
a much less risky place where there is less food. For
an animal that behaves in a rational way, the deci-
sion should depend upon the actual risk involved
and the advantages to survival of obtaining more
food. Again, a gene that promotes good decision
making in this situation should survive better in the
population than one that leads to poor decisions
and, as a consequence, motivational systems evolve
(Broom, 1981). There will, of course, be much indi-
vidual variation in decision making, and every indi-
vidual will depend upon its own experience in the
development of its motivational systems.

The Evolution of Social Behaviour

Animals free to move about are almost always
clumped rather than spaced out. Sometimes, clump-
ing is a consequence of individuals choosing the same
resting or living place. However, it is often the case
that one individual remains with another because it
chooses to be near it and not just because of the place
where it is. Once associated, animals of social species
show sophisticated interactions and usually establish
a complex social structure (see Chapter 14). Most
domestic animals show social behaviour, but how
might this have evolved? There are disadvantages
associated with being close to others with the same
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requirements: there might be competition for food,
resting places or a mate, and predators might be
attracted by an aggregation of animals. Presumably
any advantages outweigh these disadvantages, or
social behaviour would not have evolved in so many
species. The arguments summarized here are
discussed in detail by Broom (1981, 2003).

Individuals might benefit from being in a group
in that their local environment is modified by the
others of their own species. Small grazing animals
such as rabbits and prairie dogs have difficulty
feeding in long grass but can graze readily in areas
kept short by others. Termites, ants and bees can
collectively change their physical environment by
building nests, and social animals of many species
can huddle together to reduce heat loss.

Food finding can be facilitated by watching
others, and this may be very important to individu-
als, especially when food is scarce. A hungry indi-
vidual bird in a roost or mammal in a resting place
may be able to find food by following others more
knowledgeable than itself. This would be a major
advantage at a time when an isolated individual
might find little or no food. Feeding methods can be
learned by watching others, so young birds derive
advantage from flocking with others who know
more about how to feed efficiently, and older
animals may benefit from others if new foods
become available. Once found, food may be
acquired more readily if others are present. Packs of
wolves can catch prey that single animals could not
catch, and pelicans synchronizing scoops into the
water for fish catch more than do single pelicans.

One cost of foraging in a group is that the indi-
viduals may have to share some food (Giraldeau
and Caraco, 2000), but it is likely that there is a net
benefit of being in a group or otherwise individuals
would leave. Groups of animals are less likely to
return to a depleted food source. Favre (1975)
found that sheep in alpine pastures did not return
too early to areas that they had grazed, and this was
probably facilitated by the presence of experienced
ewes which controlled flock movements. Groups of
animals may also be able to defend a food source.

Predator attack is a major selective factor in the
evolution of group-living. Individuals can reduce
the risk to themselves simply by ensuring that
another individual is between themselves and any
predator. Animals can hide within a group when no
predator is present and can move into the centre
when danger threatens (Treves, 2000). Colonially
nesting birds do better if they position their nest in

the central part of a colony. Living in a group also
allows the possibility of responding to alarm
signals given by others. For some species, collabo-
ration in defence is possible.

Reproduction may be facilitated by group-living.
Mates are much more readily found in a group, but
this must be balanced against the necessity to
compete for them. For females, males can be more
readily tested if they are forced to compete with
others before they will be accepted. In some species
that live in groups there is collaboration in rearing
young, the most extreme examples coming from
the social insects.

The relative importance to group-living of the
various advantages and disadvantages will vary
from species to species. The first step in the origins
of social behaviour might have been either aggrega-
tion in localities where food was abundant or shel-
ter was good, or parents and offspring failing to
separate. The possible sequences of events are illus-
trated in Fig. 5.1. If aggregation was at a food
source, individuals might subsequently stay
together in order to reduce predation or to find
food more effectively. Individual offspring benefit
in various ways by staying longer with the parents
and, in some species, the parents might tolerate this
if the presence of the older offspring increases the
survival chances of the next set of offspring.

The possibility that altruism might be shown to
relatives other than offspring or parents is explic-
able following Hamilton’s (1964a) and Dawkins’
(1978) arguments that selection acts on the replica-
tors and that a gene which promotes a kin-helping
action could survive if enough kin bearing the same
gene are helped. Altruism can also be directed at
individuals that are not relatives. An altruistic act
by an individual is one which involves some cost to
that individual in terms of reduced fitness but
increases the fitness of one or more other individu-
als. Trivers (1985) said: ‘There can hardly be any
doubt that reciprocal altruism has been an impor-
tant force in human evolution.’ Reciprocal altruism
occurs when an altruistic act by A directed towards
B is followed by some equivalent act by B directed
towards A or by an act directed towards A whose
occurrence is made more likely by the presence or
behaviour of B.

There are many examples of reciprocal altruism
in human society and some in other species. Packer
(1977) reported that two sub-dominant baboons
took it in turn to engage the dominant male in
fighting or chasing while the other mated with
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females. There are also many examples of allo-
grooming, first by animal A on animal B and then
the reverse, amongst primates and ungulates – for
example, the work of Benham (1984) on cattle.
The sharing of food by vampire bats, ravens,
wolves or dogs and chimpanzees (e.g. Wilkinson,
1984; Heinrich, 1989; Savage-Rumbaugh and
Lewin, 1994) is clearly reciprocal altruism.

In addition to the more obvious kinds of cooper-
ation, the commonest kind of altruistic behaviour
in social groups, which is often reciprocated, is to
avoid injuring other individuals (Broom, 2003).
Great care is usually taken by individuals to avoid
collisions, which would benefit the avoider as well
as the avoided, but also not to step on others, to
injure them with horns or teeth or to push others
out of trees, over cliffs or into places of danger
from predators. If any accidental and perhaps
avoidable harm to another does occur, this can be
followed by changed behaviour on the part of the
harmed individual and on the part of the one who
has harmed. Harm may be followed by some form
of retribution, but either accidental or deliberate
harm may also be followed by reconciliation, at

least in primates (de Waal, 1996). The individuals
that take part in reconciliation may form alliances
in order to achieve social and other objectives.

Once altruism occurs and is reciprocated, the
possibility of cheating becomes important. A variety
of characteristics of individuals, any of which
would tend to promote altruistic or moral behav-
iour, is listed below (Broom, 2006b). Amongst these
are ways of detecting and responding to individuals
who cheat, in that they fail to avoid harming others
or make no effort to reciprocate to an individual or
contribute in a more general way within a group if
benefit is received. Something is moral if it pertains
to right rather than wrong (Broom, 2003). True
morality does not include customs or attitudes to
sexual behaviour stemming from mate guarding,
etc., except indirectly by effect.

● Affection for certain types of individuals, perhaps
those that are close relatives or group members,
or are likely to be, which reduces the chances that
harm will be done to them.

● Affection for those same individuals that increases
the likelihood of carrying out behaviour that is
beneficial to them.
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A1 Approach and join groups because they
have probably found food

Then any of the following:

A2(i) Predator approaches, get in the middle
of the group

A2(ii) Stay in group because early warnings
by others can be used

A2(iii) Food depleted, one individual leaves,
follow it for it may know where to find
more food

B1 Parents remain with offspring Parental care
increases survival

Offspring remain with parents chances of offspring

Offspring which remain with parents after the stage at
which independence is possible can learn about social
techniques as well as feeding and predator avoidance methods

Then A2 as above

Possibly also:

B2 Animal stays in group because close relatives survive better if it stays

Path A

Path B }

Fig. 5.1. Possible origins of social behaviour and steps in its evolution (modified after Broom, 1981).



● Ability to recognize individuals that might be
beneficiaries or benefactors.

● Ability to remember the actions of others that
resulted in benefit to oneself or to others in the
group.

● Ability to remember one’s own actions that
resulted in benefit to another individual.

● Ability to assess risk or benefit of own and other
actions and either to compare these or to avoid
high risk and try to attain high benefit.

● Ability to detect and evaluate cheating.
● Ability to punish or facilitate the punishment of

those that cheat.
● Ability to support a social structure that en-

courages cooperation and discourages cheating.
● Having a desire to conform.

One key question in relation to morality and its evolu-
tion is whether or not genes that promoted coopera-
tive, altruistic behaviour would be out-competed by
those that promoted subject benefit at the expense of
others. The question of whether a gene that promoted
altruistic behaviour would spread in a population of a
social species is discussed by Riolo et al. (2001) and
Broom (2006b). Reciprocal altruism is important in
the evolution of morality, but does not comprise all of
the biological basis. Some actions that do not harm,
or that directly benefit others, are not reciprocal but
are directed towards individuals that need help and
that have not previously provided benefit to the actor.
Such actions may make a contribution to the stability
of the social group.

Domestication

Price (1984, 2002) defined domestication as ‘that
process by which a population of animals becomes

adapted to man and to the captive environment by
some combination of genetic changes occurring
over generations and environmentally induced
developmental events recurring during each gener-
ation’. This may have been interpreted as meaning
that there is a genetic change in the animal popula-
tion, that some of this change is in characters that
depend on environmental input during develop-
ment, but that there may also be a potential in the
species to be affected by environmental inputs so
that there is adaptation to people and captivity.
Wild animals vary in their potential to adapt, some
being unable to do so and others having more or
less ability to adapt, so there is likely to be much
variation in chances of surviving and breeding
when animals are first brought into captivity. In
some species all will die, while in others a few will
survive and breed in captivity. Some studies have
been carried out on the effects of genes that help or
hide such adaptation (Price, 2002).
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6 Welfare Assessment

The Range of Measures

The general methods for assessing welfare are
summarized in Table 6.1, with a list of measures of
poor welfare presented below that. Most indica-
tors will help to pinpoint the state of the animal
wherever it is on the scale, from very good to very
poor welfare. Some measures are most relevant to
short-term problems, such as those associated with
human handling or a brief period of adverse physi-
cal conditions, whereas others are more appropri-
ate to long-term problems (Broom, 1988; Broom
and Johnson, 1993; Keeling and Jensen, 2002d;
Broom, 2004).

Measures of welfare include the following
(Broom, 2000):

● Physiological indicators of pleasure.
● Behavioural indicators of pleasure.
● Extent to which strongly preferred behaviours

can be shown.
● Variety of normal behaviours shown or

suppressed.
● Extent to which normal physiological processes

and anatomical development are possible.
● Extent of behavioural aversion shown.
● Physiological attempts to cope.
● Immunosuppression.
● Disease prevalence.
● Behavioural attempts to cope.
● Behaviour pathology.

● Brain changes.
● Body damage prevalence.
● Reduced ability to grow or breed.
● Reduced life expectancy. 

Using many of these measures, some indication of
the positive or negative feelings of the animals may
be obtained. The feelings of another human can
never be known with certainty and, similarly, only
an estimate of the feelings of individuals of other
species can be obtained. In welfare assessment, we
use a variety of direct measurements of welfare in
the categories listed in above, some of which are
measures of pain. Measures of strength of prefer-
ence, etc. (Table 6.1) are used to understand what
is likely to lead to good or poor welfare and to
develop better housing and management methods
(Dawkins, 1983, 1990; Duncan, 1992; Kirkden et
al., 2003).

Direct Measures of Poor Welfare

Physiological measures

Some signs of poor welfare arise from physiological
measurements. For instance, increased heart rate,
adrenal activity, adrenal activity following ACTH
challenge or reduced immunological response
following a challenge can all indicate that welfare is
poorer than in individuals not showing such
changes. Care must be taken when interpreting
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Table 6.1. Summary of welfare assessment (modified after Broom, 1999).

General methods Assessment

Direct indicators of poor welfare How poor
Tests of avoidance Extent to which animals have to live with avoided situations or stimuli
Tests of positive preference Extent to which that which is strongly preferred is available
Measures of ability to carry out How much important normal behaviour or physiological 

normal behaviour and other or anatomical development can or cannot occur
biological functions

Other direct indicators of good welfare How good



such results, as with many other measures described
here. In the case of hypothalamic–pituitary–adrenal
cortex (HPA) activity, which leads to increased
production of cortisol or corticosterone, the
response may occur because of increased activity
level, or courtship or mating excitement. If the
objective is to identify the extent of any emergency
response, the context of the HPA response must be
taken into account. It is usually obvious whether a
response is to potential danger or to a sexual part-
ner and it is usually possible to take account of
activity levels. If a treatment results in more walking
or running this can be measured, and control gluco-
corticoid responses with such activity level can be
used to assess the component of the response that is
emergency response.

The glucocorticoid cortisol is produced by the
HPA axis in primates, Carnivora, Ungulata and
many fish and other animals. Corticosterone has the
same function, in particular making more energy
available from glycogen reserves, in rodents and
many birds – including poultry. Glucocorticoids
have other important functions. There is a daily
fluctuation in plasma cortisol concentration and
this may well be associated with the facilitation of
effective learning via hippocampal function.
Hippocampal cells metabolize cortisol (see Fig. 6.1)
for, when incubated with cortisol, pig hippocampal
cells took it up actively while other control tissues
did not, and there are cortisol receptors in many
parts of the mammalian brain including the
hippocampus, amygdala and frontal cortex (Poletto
et al., 2003; Broom and Zanella, 2004). Holzmann

et al. (personal communication) found that the
diurnal rhythm with a morning peak in cortisol
concentration was suppressed in women who were
severely stressed because of lack of food or being
subjected to violence.

Cortisol is produced as a consequence of, first, the
production in the hypothalamus of interleukin 1-beta
and then corticotrophin-releasing hormone (CRH),
also called corticotrophin-releasing factor (CRF),
which leads to the release of adrenocorticotrophic
hormone (ACTH) from the adenohypophysis, or
anterior pituitary. The ACTH travels in the blood to
the adrenal gland where the outer part of this gland,
the adrenal cortex, produces the glucocorticoid and
releases it into the blood. The ACTH is part of a
larger peptide molecule called pro-opiomelanocortin
(POMC) that breaks up to produce beta-endorphin,
dynorphin, met-enkephalin and leu-enkephalin as
well as ACTH. When ACTH is injected into a pig,
the plasma cortisol concentration increases (see Fig.
6.2). Since cortisol in the form that is not bound to
protein in the blood diffuses into saliva in the salivary
gland after a short delay, it is also possible to measure
cortisol in saliva, although the concentrations are
lower than in plasma.

Measurements of glucocorticoids in plasma and
saliva are of particular use in studies of the welfare
of animals during short-term management prac-
tices. If a dog or cat is handled or treated by a
veterinary surgeon, the magnitude of the coping
response of the animal can be usefully estimated by
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Fig. 6.1. Hippocampal cells and other mammalian tissue
cells were compared when they were put in a medium
containing 100 or 1000 ng of cortisol. The hippocampal
cells actively took up cortisol (from Poletto et al., 2003).
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Fig. 6.2. The concentration of cortisol in pig plasma
and saliva is shown at the basal level and when ACTH
is injected into the animal. The increase in cortisol
following injection is delayed for a few minutes in saliva
because of the time taken to diffuse from blood.



comparing cortisol concentration in handled and
control individuals. When animals are transported,
the effects of the various components of the trans-
port process can be assessed by monitoring gluco-
corticoid concentrations. In all of such studies, the
effects of the sampling procedure itself on the
animal must be assessed. Since the time to the
increase in cortisol concentration is usually 1.5–3.0
min, if samples can be taken quickly the true
response is seen. If samples can be taken with mini-
mal disturbance of the animal, the coping response
can be evaluated effectively. In a study of the effects
on rabbits of various adverse conditions that might
be encountered during transport, a period of 4.5 h
at 42°C caused greater elevation of cortisol and
other physiological measures than a temperature of
–5°C, a 96 dB noise or social mixing (De la Fuente
et al., 2007).

During the period of monitoring of sheep during a
road journey shown in Fig. 6.3, the sheep showed a
very marked increase in plasma cortisol when they
were loaded on to the vehicle. This occurred despite
the fact that the staff concerned were experienced
animal handlers and did not treat the animals
roughly. The sheep were clearly very disturbed by
the loading, and the response lasted for 6 h. The
cortisol concentration then dropped to close to the
basal level as the sheep became accustomed to their
new environment. During the last 3 h of the journey,
cornering and acceleration caused problems for the

sheep, so cortisol concentration increased. It is clear
from studies like this that measurement of cortisol
concentration can provide information about the
welfare of animals over relatively short periods.

Where it is not easy to take a sample of blood or
saliva, HPA axis activity can be assessed by measur-
ing glucocorticoids or their metabolites in urine or
faeces. The time for the excreted substances to get
into the urine or faeces must be taken into account.

Glucocorticoid measurements are of less use when
housing or other long-term treatment is being evalu-
ated, because the response adapts after some minutes or
hours. Multiple activation of the HPA axis can some-
times lead to measurements of elevation in cortisol over
a period of some days. However, lack of increase in
glucocorticoids over long periods in a particular hous-
ing condition or other treatment does not mean that the
welfare is good. For example, severe chronic pain, an
ambient temperature above the readily tolerable range
or close confinement that allows little movement are
welfare issues not usually associated with elevated
cortisol: other indicators of welfare are needed in these
circumstances. Increased glucocorticoid production
may lead to immunosuppression. The impaired
immune system function and some of the physiological
changes can indicate what has been termed a pre-
pathological state (Moberg, 1985).

The heart rate of animals changes according to
activity and perceived need for activity. The
response is relatively rapid and brief, often adapt-
ing in a minute or two. If a cat stands up from a
lying position, starts walking, then starts running,
its heart rate will increase with each of these activ-
ity changes. Were the cat to detect imminent danger
at any stage during these changes, a further
increase in heart rate would be superimposed.
Heart rate can be a useful indicator of short-term
welfare problems, provided that the component of
the heart rate change that is a coping response can
be evaluated. An example of a study in which this
was done produced the data shown in Table 6.2.
Baldock and Sibly (1990) recorded the ovine heart
rate during different activities and hence were able
to assess the magnitude of responses to stimuli
presented to the animals. In these animals, which
were accustomed to frequent human contact, one
very striking response was the almost maximal
response to the approach of a dog.

A variety of other measurements can be used when
attempting to assess the welfare of animals during
transport or other relatively short-term treatments,
and a summary of such measurements is shown in
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Fig. 6.3. The mean plasma cortisol concentration in
two groups of sheep during a road journey are shown.
The basal concentration is about 40 nmol/l of cortisol.
The changes at loading (L) and during a 14 h motorway
journey, a 1 h rest period, a further 13 h on a motorway
and 3 h on rural roads can be seen (from Parrott et al.,
1998).



Table 6.3. If transport is prolonged, food deprivation
and rapid metabolism can lead to the metabolism of,
first, food reserves and the functional body tissues,
and the metabolites of each can be identified in
blood. Dehydration, bruising, fear, distress, motion
sickness and attempts to combat pathogens also lead
to recognizable changes in blood.

Behavioural measures

Behavioural measures are also of particular value in
welfare assessment. The fact that an animal avoids
an object or event strongly gives information about
its feelings and hence about its welfare. The
stronger the avoidance the worse the welfare while
the object is present or the event is occurring. An
individual which is completely unable to adopt a
preferred lying posture despite repeated attempts
will be assessed as having poorer welfare than
one which can adopt the preferred posture.
Other abnormal behaviour such as stereotypies,

self-mutilation, tail-biting in pigs, feather-pecking in
hens or excessively aggressive behaviour indicates
that the perpetrator’s welfare is poor.

Stereotypies and other abnormal behaviours that
can be used as welfare indicators are described in
detail in Chapters 23 to 27. The sow shown in Fig.
6.4 is repeatedly pressing the drinker without drink-
ing. A stereotypy is a repeated, relatively invariate
sequence of movements that has no obvious func-
tion. Some sows confined in stalls or tethers may
spend many hours showing such behaviour. The
sequence of events recorded using video for such a
sow is shown below.

● Sow standing.
● 5–8 s: press drinker with snout.
● 1–2 s: pause.
● 5–8 s: press drinker (water pouring on to floor).
● 1–2 s: pause.
● Above pattern repeated seven to 15 times.
● 5–8 s: press drinker, swing head to left and put

snout into neighbour’s pen.
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Table 6.3. Physiological indicators of welfare: short-term problems.

Stressor Physiological variable(s)

Food deprivation ↑ FFA, ↑ �-OHB, ↓ glucose, ↑ urea
Dehydration ↑ osmolality, ↑ total protein, ↑ albumin, ↑ PCV
Physical exertion, bruising ↑ CK, ↑ LDH5, ↑ lactate
Fear/arousal ↑ cortisol, ↑ PCV ↑ heart rate, ↑ heart rate variability, 

↑ respiration rate, ↑ LDH5
Motion sickness ↑ vasopressin
Inflammation, large immunological responses Acute phase proteins, e.g. haptoglobin, C-reactive protein, 

serum amyloid-A
Hypothermia/hyperthermia Change in body and skin temperature, prolactin

FFA, free fatty acids; �-OHB, beta-hydroxy butyrate; PCV, packed cell volume; CK, creatine kinase; LDH5, lactate
dehydrogenase isoenzyme 5.

Table 6.2. The heart rate of sheep subjected to management procedures (from
Baldock and Sibly, 1990).

Treatment Heart ratea (beats/min)

Spatial isolation +20
Standing in stationary trailer +20
Visual isolation +20
Introduction to new flock (0–30 min) +30
Introduction to new flock (30–120 min) +14
Transport +14
Approach of man +50
Approach of man with dog +84

a Taking account of activity performed.



Other examples of stereotypies include tail-chas-
ing in dogs and crib-biting and tongue-drawing in
horses (see Figs 6.5 and 6.6). All stereotypies tend
to occur in circumstances where the individual
lacks control over its interactions with its environ-
ment, and indicate poor welfare. Other abnormal
behaviours that can be quantified and used as
indicators of long-term welfare problems include
excessively aggressive behaviour and inactive
unresponsive behaviour.

In some of these physiological and behavioural
measures it is clear that the individual is trying to
cope with adversity, and the extent of the attempts
to cope can be measured. In other cases, however,
some responses are solely pathological and the indi-
vidual is failing to cope. In either case, the measure
indicates poor welfare. Mason et al. (2007) review
methods of using environmental enrichment as a
means of reducing the extent of poor welfare associ-
ated with the occurrence of stereotypies.

Measures of pain

One type of poor welfare is pain. Although some
people have thought of pain as limited to humans
or mammals, many of those involved in pain
research have found such ideas improbable.
Melzack and Dennis (1980) made these statements:
‘The nervous systems of all vertebrates are organ-
ized in fundamentally the same way’; and ‘the
experience of pain is often inferred from the be-
haviours of mammals, and it is not unreasonable to
attribute pain experience to birds, amphibia and
fish’ (and presumably, reptiles).
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Fig. 6.4. Sow in stall showing drinker-pressing
stereotypy (photograph courtesy of D.M. Broom)

Figs 6.5 and 6.6. Horses showing the crib-biting
stereotypy, usually involving repeated biting on a stable
door, and tongue-drawing, in which the tongue is
extruded and then drawn back through partly closed
teeth (photographs courtesy of H.H. Sambraus).



The problem often expressed in relation to pain
in species other than man is that the animals
cannot tell you when they are in pain or how bad it
is. The major method used in human pain studies is
self-reporting, for example on a scale from no pain
to very severe pain, but how reliable is this? People
can lie or deceive themselves in relation to pain.
Perhaps measures of observed behaviour or physio-
logical change in people, like those used in non-
human studies, are generally more accurate
(Broom, 2001).

Some methods for recognizing and assessing
non-human pain have been used for a long time.
For example, the tail-flick response of rats (since
1941), the jaw-opening response (since 1964),
limb-withdrawal (since 1975) and self-mutilation
(for much longer, Dubner, 1994). Sophisticated
behavioural measures are being used more and
more in studies of pain. However, there are prob-
lems in pain recognition which make comparisons
between species difficult. Severe pain can exist
without any detectable sign. Individuals within a
species vary in the thresholds for the elicitation of
pain responses. Most difficult for the general
public, as well as for those studying the subject, is
that species vary in the kinds of behavioural
responses which are elicited by pain (Morton and
Griffiths, 1985). Hence it is important to consider
which behavioural pain responses are likely to be
adaptive for any species which is being considered.

Humans, like other large primates, dogs and
pigs, live socially and can help one another when
attacked by a predator. Parents may help offspring
and other group members may help individuals
who are attacked or otherwise in pain. Hence,
distress signals such as loud vocalizations are adap-
tive when pain resulting from an injury is felt. In
species that can very seldom collaborate in defence
– for example, African antelopes which are subject
to attack by lions, leopards, hyaenas or hunting
dogs, or sheep which are subject to attack by
wolves, lynx, leopards or mountain lions – the
biological situation is quite different. The predators
select apparently weak individuals for attack and
vocalizations when injured might well attract pred-
ators rather than conferring any benefit. As a
result, these animals do not vocalize when injured.

In the mulesing operation, devised by Mr Mules
to reduce the likelihood of fly-strike, a sheep is
caught by humans, held upside down in a holding
frame, has a 15 cm-diameter area of skin around
the anogenital apertures cut off with a pair of scis-

sors and is then turned over and released. The
animal often makes no sound and walks away.
Farm staff who carry out this procedure may
believe that sheep do not feel pain. However, sheep
have all of the normal mammalian pain system and
they produce high levels of cortisol and β-endorphin
after the mutilation (Shutt et al., 1987). Another
example concerns monkeys, which, although nor-
mally very noisy, are very quiet when giving birth, a
time when they are at increased risk from predators.
Their silence does not mean that parturition
involves no pain.

A knowledge of the selective pressures affecting
the species is needed before behavioural responses
to pain can be properly interpreted. Having
explained the difficulties in using behavioural
measures of pain, however, there are many exam-
ples of studies in which quantitative measurement
of pain has been carried out and these are reported
in later chapters. A dog or pig in pain will often
vocalize, and the pitch and loudness of the sound
can be measured. A rat will change its behaviour in
several ways, including changes in the amount of
locomotion and adopting recognizable postures, all
of which can be quantified (Flecknell, 2001).

Peripheral anatomical and most physiological
aspects of the pain system, on the other hand, vary
little between species. Most vertebrate animals that
have been investigated seem to have very similar
pain receptors and associated central nervous
pathways. Even some invertebrates have such
systems; for example, Kavaliers (1989) reports that
gastropod molluscs have nociceptors where output
following tissue damage that indicates that such
damage causes sensitization. The most primitive
vertebrates are the lampreys and hagfish, which are
considerably more different from modern teleost
fish than are humans. When Martin and
Wickelgren (1971) and Mathews and Wickelgren
(1978) made intracellular recordings from sensory
neurones in the skin and mouth of a lamprey
(Petromyzon) during heavy pressure, puncture,
pinching or burning, the output was like that
which would be recorded in a mammalian pain
receptor. The conduction velocity was slow relative
to other sensory neurones, and so these are proba-
bly of small diameter. There was no fatigue with
repeated stimulation, and the receptors were sensi-
tized following local tissue damage.

The neurotransmitter substance P occurs in small
fibres in the dorsal horn of the spinal cord in both
mammals and fish. In studies of elasmobranch fish,
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Cameron et al. (1990) found substance P, serotonin,
calcitonin, neuropeptide Y and bombesin in the
outer part of the substantia gelatinosa of the dorsal
horn and met-enkephalin in the lateral part. Ritchie
and Leonard (1983) found substance P in the affer-
ent neurones of the elasmabranch substantia gelati-
nosa. These distributions are similar to those in
mammals (Gregory, 1999), and substance P occurs
more in the regions of the trout brain receiving input
from pain receptors, the hypothalamus and fore-
brain, than in other parts of the brain (Kelly, 1979).

Within the Mammalia, there is considerable
uniformity in the areas of the brain having particu-
lar functions. However, different vertebrate groups
vary considerably in the locations of function.
Some analysis that occurs in the neocortex in
mammals takes place in the striatum in birds.
Within the different groups of fish there is diversity
in the localization of complex analysis. It is neces-
sary to look for the site of any particular function
rather than assuming that it will be in the same
area as in man, and it is not logical to assume that,
because an area that has a certain function in man
is small or absent in another group of vertebrates,
the function itself is missing.

Behavioural responses to stimuli that would be
expected to be painful occur in many vertebrates
studied. For example, Verheijen and Buwalda (1988)
stimulated the mouth of a carp electrically and,
while a mild stimulation led to some fin movements
and bradycardia, a current three times as strong
resulted in freezing or in erratic darting movements
in which the glass tank was bumped. When carp
were hooked in the mouth using a certain kind of
bait, both Beukema (1970) and Verheijen and
Buwalda (1988) reported avoidance of such bait
afterwards for many weeks – or 1 year in one case.
This shows that the carp showed learned avoidance
as a result of the hooking experience.

Avoidance learning is reported for fish by several
authors; for example, Brookshire and Hoegnander
(1968) administered a shock to paradise fish when
they entered a black compartment and found that
they avoided the black compartment subsequently
and learned to activate an escape hatch to avoid
further shocks. In a study of pain thresholds to pres-
sure and thermal stimuli, Chambers (1992) found
these to be the same for various species of animal.

Opioids have many functions, one of which
is natural analgesia. Met-enkephalin and leu-
enkephalin are present in all vertebrates that have
been tested. When goldfish are subjected to difficult

conditions, there is an elevation of pro-opiome-
lanocortin, just as there would be in man (Denzer
and Laudien, 1987). Goldfish given an electric
shock show agitated swimming, but the threshold
for this response is increased if morphine is injected
and naloxone blocks the morphine effect (Jansen
and Greene, 1970). Work by Ehrensing et al.
(1982) showed that the endogenous opioid antago-
nist MIFI down-regulates sensitivity to opioids in
both goldfish and rats. In general, it is clear that
there are very many similarities amongst all verte-
brates in their pain systems.

Pain receptors are often called nociceptors and a
specific term for them that distinguishes their input
to the pain pathways from that of other kinds of
receptor seems useful. It would seem that the
distinction between nociception and pain is a relic
of attempts to emphasize differences between
humans and other animals, or between ‘higher’ and
‘lower’ animals. The visual and auditory systems
involve receptors, pathways and high-level analysis
in the brain, but the simpler and more complex
aspects are not given different names. A perception
of pain can exist without the involvement of pain
receptors, but so can visual or auditory perceptions
exist without their receptors being involved. Wall
(1992) said that the problem of pain in man and
animals was ‘confused by the pseudoscience
surrounding the word nociception’. The use of the
term nociception, which separates one part of the
pain system from other parts when the system
should be considered as a whole, should be discon-
tinued (Broom, 2001).

Disease, injury, movement and 
growth measures

Disease, injury, movement difficulties and growth
abnormality all indicate poor welfare. If two hous-
ing systems are compared in a carefully controlled
experiment and the incidence of any of the above is
significantly increased in one of them, the welfare
of the animals is worse in that system. The welfare
of any diseased animal (see Chapter 22 for defini-
tion) is worse than that of an animal that is not
diseased, but much remains to be discovered about
the magnitude of the effects of disease on welfare.
Little is known about how much suffering is associ-
ated with different diseases.

A specific example of an effect on housing 
conditions which leads to poor welfare is the con-
sequence of severely reduced exercise for bone
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strength. In studies of hens (Knowles and Broom,
1990; Nørgaard-Nielsen, 1990), birds which could
not sufficiently exercise their wings and legs
because they were housed in battery cages had
considerably weaker bones than birds in percheries
that could exercise. Similarly, Marchant and
Broom (1996) found that sows in stalls had leg
bones only 65% as strong as sows in group-
housing systems. The actual weakness of bones
means that the animals are coping less well with
their environment, so welfare is poorer in the
confined housing. If such an animal’s bones are
broken there will be considerable pain and the
welfare will be worse.

Inhibited behaviour and behaviour strategies

A further general method of welfare assessment
listed in Table 6.1 involves measuring what behav-
iour and other functions cannot be carried out in
particular living conditions. Hens prefer to flap
their wings at intervals but cannot in a battery
cage, while veal calves and some caged laboratory
animals try hard to groom themselves thoroughly
but cannot in a small crate, cage or restraining
apparatus.

In all welfare assessment it is necessary to take
account of individual variation in attempts to cope
with adversity and of the effects that adversity has
on the animal. When pigs have been confined in
stalls or tethers for some time, a proportion of indi-
viduals show high levels of stereotypies, while
others are very inactive and unresponsive (Broom,
1987b). There may also be a change, with time
spent in that condition, in the amount and type
of abnormal behaviour shown (Cronin and
Wiepkema, 1984).

In rats, mice and tree shrews, it is known that
different physiological and behavioural responses
are shown by an individual confined with an
aggressor, and these responses have been catego-
rized as active and passive coping (Koolhaas et al.,
1983; von Holst, 1986; Benus, 1988). Active
animals fight vigorously whereas passive animals
submit. A study of the strategies adopted by gilts in
a competitive social situation showed that some
sows were aggressive and successful, a second cate-
gory of animals defended vigorously if attacked
while a third category of sows avoided social
confrontation if possible. These categories of
animals differed in their adrenal responses and in
reproductive success (Mendl et al., 1992). As a

result of differences in the extent of different physi-
ological and behavioural responses to problems, it
is necessary that any assessment of welfare should
include a wide range of measures. Our knowledge
of how the various measurements combine to indi-
cate the severity of the problem must also be
improved.

Direct Measures of Good Welfare

Most indicators of good welfare are behaviours,
but care should be taken in interpreting these. For
example, smiling in humans, tail-wagging in dogs
and purring in cats are all behaviours that can indi-
cate more than one motivational state in the
animals, and that may or may not mean that the
welfare of the individual is good at that time.
Observations of behaviour with some detail of its
context are needed before good welfare can be
identified and assessed.

Physiological changes in the brain do seem to be
associated with good welfare on some occasions
(Broom and Zanella, 2004). When people were
shown happy pictures there was an increase in
magnetic resonance imaging (MRI) activity on one
side of the frontal area of the cerebral cortex, and
amygdala activity dropped. A set of regions was
found in which there was activity during sad, but
not during neutral or cheerful, situations.

It is also known that oxytocin concentration in
the blood is higher during some pleasurable events.
One of such events is nursing the young in a female
mammal. Oxytocin is not only associated with the
let-down of milk but also leads to a feeling of pleas-
ure as well. Oxytocin is synthesized in the paraven-
tricular nucleus (PVN) of the hypothalamus and in
the supraoptic nucleus. It binds to receptors that
regulate HPA axis activity and its increase is associ-
ated with: ACTH and glucocorticoid decrease,
lymphocyte proliferation, brain GABA increase
and cardiac vagal tone increase (Carter and
Altemus, 1997; Altemus et al., 2001; Redwine et
al., 2001).

Studies of Preferences and their Strength

Since aspects of motivational systems have evolved
and exist now because they are adaptive, most of the
strong preferences of animals are for resources or
actions that benefit them, i.e. that help them to
survive and breed successfully. During development,
individuals will have acquired further information
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that helps them to take decisions that lead to bene-
fits. One consequence of this, pointed out by Duncan
(1978, 1992), Dawkins (1983, 1990), Broom and
Johnson (1993, 2000) and others, is that the assess-
ment of motivational strength during tests of prefer-
ence is important in any attempt to ensure that poor
welfare is avoided and good welfare is maximized in
animals kept or affected by man.

Some studies of preferences have involved obser-
vation of what animals choose to do or to obtain
when they have a wide variety of opportunities for
action. Stolba and Wood-Gush (1989) recorded
how sows allocated their time and energy to differ-
ent behaviours when put in an area of grassland
and woodland but were provided with the same
concentrate food, in the same quantity, as that
given to confined sows. The sows spent 31% of
their time during daylight grazing, 21% rooting,
14% in locomotion and only 6% lying. Any prefer-
ence action requires the animal to make a sacrifice
of some sort when it gains access to some quantity
of the resource or spends time consuming it. These
sows paid a price for carrying out each activity in
that they could have done something else instead.
Some examples of the many types of preference
tests (Fraser and Matthews, 1997) are described
below.

The majority of indicators of good welfare we
can use are obtained by studies demonstrating posi-
tive preferences by animals. An early study of this
kind was that by Hughes and Black (1973), show-
ing that hens given a choice of different kinds of
floor to stand on would choose to stand on one of
them (see Fig. 6.7). In this simple choice test, the
cost of choosing involves only the expenditure of
the small amount of energy required to move from
one floor area to another, so the major sacrifice
made when choosing one floor type is not to be
standing or lying on another floor type.

The choice test is of some value to the animal
welfare scientist when comparing resources that
satisfy the same or a very similar need. Even in
that case, more information is required because, of
two resources compared, both may be of low value
to the animal or both may be of value but only as
luxury items. As Dawkins (1992) explained, a
person may choose caviar over smoked salmon,
but welfare would not be poor if only one of these
were available. Choice tests are of little value
where resources associated with different needs,
whose motivational basis is quite different, are to
be compared (Kirkden et al., 2003). The needs

may vary, not only in motivational strength but
also in the rate at which they can be satiated or the
quantity of the resource required for satiation.
Hence more sophisticated preference tests are
needed.

As techniques of preference tests developed, it
became apparent that good measures of strength of
preference were needed. Taking advantage of the
fact that gilts preferred to lie in a pen adjacent to
other gilts, van Rooijen (1980) offered them the
choice of different kinds of floors that were either
in pens next to another gilt or in pens further away.
With the floor preference titrated against the social
preference, he was able to gain better information
about strength of preference.

A further example of preference tests, in which
operant conditioning with different fixed-ratios of
reinforcement was used, is the work of Arey
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Fig. 6.7. Hens given a choice of several different floors
to stand on preferred the one that gave greatest support
to their toes rather than the most rigid floor (from Hughes
and Black, 1973).



(1992). Pre-parturient sows would press a panel for
access to a room containing straw, one that was
empty or one containing food and water (see Fig.
6.8). If it was cheap, in terms of energy and time, to
get to the straw, the sows opened the door to the
straw much more often than the door to the empty
compartment. With straw on one side and food on
the other, both were chosen if the cost, in terms of
plate presses, was low. Increasing the ratio of
presses to each door opening increased the cost of
access. Up to 2 days before parturition they
pressed, at ratios of 50–300 per reinforcement,
more often for access to food than for access to
straw. At this time, food was more important to the
sow than straw for manipulation or nest-building.
However, on the day before parturition, at which
time a nest would normally be built, sows pressed
just as often, at a fixed ratio of 50–300, for straw
as for food.

The sow pressing a plate to open a door is carry-
ing out an operant. In operant tests, a cost is
imposed upon access to a resource by requiring the
subject to perform a task. This task requires time
and effort that could otherwise have been spent on
other actions. In some cases, the task is unpleasant
to the subject. The operant is varied, for example,
by altering the reinforcement ratio as in Arey’s
study, in order to find out how great is the demand
of the animal for the resource.

Another indicator of the effort that an individual
is willing to use to obtain a resource is the weight
of a door that is lifted. Manser et al. (1996), study-
ing floor preferences of laboratory rats, found that
rats would rather lift a heavier door to reach a solid
floor on which they could rest than lift a lighter one
to reach a grid floor.

This work started with an investigation of the
choice of rats for a solid or a wire grid floor.
Manser et al. (1995) found that rats in connected
cages (see Fig. 6.9) would walk on either kind of
floor but always rested on a solid floor if given the
opportunity. The maximum weight of door that the
rats would lift (see Fig. 6.10) in order to reach any
resource was ascertained, and the weight lifted in
order reach a solid floor for resting was found to be
very close to that. In similar experiments, rats were
found to choose bedding and a dark nest box and
to be willing to lift 150 g in order to reach a novel
empty cage, 290 g to reach a cage with bedding
material in it, 330 g to reach a cage with a nest box
and 430 g to reach a cage with both bedding and
nest box (Manser et al., 1998a, b).

The terminology used when motivational strength
is being estimated is that of micro-economics
(Kirkden et al., 2003):
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Fig. 6.8. Sows would press a plate in order to gain
access to: 1. a pen with straw in it rather than an empty
pen and 2. a pen with straw as often as a pen with food
but only on the day when nest-building would normally
occur (from Arey, 1992).

Fig. 6.9. A rat cage with a wire-grid floor is connected
to one with a solid floor for a choice test. The rats
preferred to rest on the solid floor (from Manser et al.,
1995; photograph courtesy of C.M. Manser).

Fig. 6.10. When two rat cages were connected to this
box, the rats had to lift the weighted barrier (an operant)
in order to go from one cage to another with a resource
in it (as used by Manser et al., 1995; photograph
courtesy of C.M. Manser).



A resource is a commodity that the animal can use
or an activity that it can carry out. The demand of
the animal is the amount of action, for example,
operant responses, which the animal shows in order
to obtain a resource. The price that the animal pays
is the amount of action required to obtain a unit of
resource. The income of the animal is the amount of
time, energy or other variable limiting the action
that the animal has available to it.

If an animal has to indicate, for example, by pressing
a plate, what its demand for a resource is, it is possi-
ble to find out the animal’s demand when one varies
the price of that resource by making the animal press
one, five, ten, 20, 100 or 500 times in order to gain
access to it. For example, the pig in Arey’s study had
to press the plate to gain a period of access to a pen
with straw in it, and the rat in Manser et al.’s studies
had to lift various weights to reach a cage with a
particular floor or nest-site. If various prices are
used, the animal’s behaviour can be described using
an inverse demand curve in which price is plotted
against demand (see Fig. 6.11). The demand value is
how often the animal carried out the work required
to obtain the resource.

Dawkins (1983, 1988, 1990) proposed the use of
elasticity of demand as an index of motivational
strength. If the demand for a resource does not
decline much when the price increases, the demand is
inelastic, whereas if demand drops as price increases
it is elastic. For example, if the price of coffee
increases by 100% but most people still buy the same
amount of coffee, those people’s demand for coffee is
inelastic. On the other hand, if the price of beef
increases by 100% and most people stop buying beef
or buy very much less of it, those people’s demand for

beef is elastic. The price elasticity of demand is the
proportional rate at which a subject’s consumption of
the resource changes with the price of the resource, as
indicated in Fig. 6.11 at a point on the curve.

Following Dawkins’ suggestion of the use of
elasticity of demand, Kirkden et al. (2003)
explained how researchers used the rate at which
demand changes with price, the rate at which
expenditure changes with price, the rate at which
expenditure or expenditure share changes with
income and the slope of a bilogarithmic plot of
expenditure against income (e.g. Matthews and
Ladewig, 1994; Bubier, 1996; Cooper and Mason,
1997, 2000; Warburton and Nicol, 2001).

Kirkden et al. (2003) also describe in detail four
shortcomings of elasticity of demand indices. First,
since price elasticity of demand varies with price
and successive units of a commodity are not worth
the same as one another to an animal, it is not
reasonable to assign a single value to the price elas-
ticity of demand for a resource. Secondly, since
individuals have a tendency to defend a preferred
consumption level and to become satiated, the
price elasticity of demand index will tend to over-
estimate the value of resources for which satiation
occurs rapidly. Thirdly, the price elasticity of
demand tends to underestimate the relative value of
resources whose initial consumption levels are
high. For example, bread is consumed by humans
at higher levels than salt, so demand for salt would
be more inelastic than demand for bread, not
because salt is more important to people than
bread but because it is consumed in smaller quanti-
ties when cheap. Fourthly, the income available to
an animal will vary, but the price elasticity of
demand does not take account of this. Since
demand increases with income, the price elasticity
of demand will underestimate the value of
resources when a decrease in income causes an
increase in demand, and overestimate it when an
increase in income causes a reduction in demand.

Another index of strength of preference shown
in Fig. 6.11, consumer surplus, is the area under
the demand curve and can be readily measured
whenever a demand curve can be generated. The
first three shortcomings of elasticity of demand
indices described above do not apply to the
consumer surplus index. The income of the animal
will affect the consumer surplus index so, in studies
of motivational strength, income should be set at
the level that might occur in real life. If this can be
done, the consumer surplus is the best indicator of
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Fig. 6.11. An example of an inverse demand curve that
shows how an animal’s demand for a resource is
related to the price that it has to pay for that resource.
The price elasticity of demand and the consumer
surplus are indicated for a given demand.
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motivational strength and should be used instead
of elasticity of demand indices. In some cases,
elasticity of demand indices have provided a good
indication of motivational strength, but the
consumer surplus will always be more reliable.

In the experiments of Duncan and Kite (1987),
Manser et al. (1996), Mason et al. (2001), Olsson et al.
(2002) and others, the reservation price, which is the
maximum price paid for a resource, e.g. the maximum
weight lifted by a rat, was measured. This value can be
a useful shortcut to the consumer surplus in the circum-
stances where a demand curve cannot be generated. All
of the above arguments are explained by Kirkden et al.
(2003), and a useful example of comparisons of the
different methods of assessing motivational strength is
that of Mason et al. (2001). The general conclusion of
this review of measures of motivational strength is that
preference tests, including those requiring the animal to
use quantifiable operants, are of particular value in
trying to find out what is important to animals. The
consumer surplus is the best index of motivational
strength when a demand curve can be produced, and
the reservation price is a useful indicator when this is
not possible. Once such information has been obtained,
better housing and management conditions can be
designed, and these can be compared with existing
conditions using direct indicators of welfare.
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7 Behaviour Towards Predators and
Social Attackers

Anti-predator Strategies

All wild animals are subject to attack by predators
and parasites, and there are substantial selection
pressures promoting efficient means of countering
these attacks. Domestic animals still have these
anti-predator and anti-parasite mechanisms, so
everyone involved with companion animals or
animals on farms needs to know about them. The
everyday physiological responses are described in
Chapter 6, while the behaviour of mammalian
predators of domestic animals is described by
Kruuk (2002). Anti-predator behaviour is summa-
rized here and discussed at greater length by Broom
(1981). Exploration is also important in anti-preda-
tor behaviour and is discussed in Chapter 11. The
two basic types of defensive mechanisms are
primary defence mechanisms, which operate
regardless of whether or not there is a predator in
the vicinity, and secondary defence mechanisms,
which operate during an encounter with a predator
(Edmunds, 1974). Secondary defence mechanisms
are used when a predator is detected, when detec-
tion is supposed or when an actual attack occurs.

Primary defence mechanisms include the follow-
ing (Broom, 1981):

● Hiding in holes, e.g. rabbits resting in holes.
● The use of crypsis, e.g. moths that are difficult

to see on a tree trunk or mammalian prey
species that minimize their body odours.

● Mimicry of inedible objects, e.g. caterpillars
that look like bird droppings.

● Exhibition of a warning of danger to predators,
e.g. skunk coloration.

● Mimicry of individuals in category immediately
above, e.g. flies that look like bees.

● Timing activities to minimize that chance of
detection by a predator, e.g. being active at
night.

● Remaining in a situation where any predator
attack is likely to be unsuccessful because of

possibilities for secondary defence, e.g. rabbits
feeding near their holes or small antelope
grazing near thorn bushes.

● Maintaining vigilance to maximize the chance
of detecting the advent of a predator, e.g. sheep
spending time looking, sniffing and listening for
predators.

Types of active secondary defence mechanisms
include the following (Broom, 1981):

● Exaggerating primary defence, e.g. a camouflaged
caterpillar remaining entirely motionless when a
predator approaches.

● Withdrawal to a safe retreat, e.g. a rabbit running
to its burrow or an armadillo curling up.

● Flight and evasion, e.g. a hare running and
jinking when pursued by a dog.

● Use of a display that deters attack, e.g. moths
moving wings to reveal large eyespots.

● Feigning death, e.g. American opossums and
many birds, including chickens.

● Behaviour that deflects attack, e.g. some
butterfly eye markings that deflect bird pecks
away from the body, and broken wing displays
by plovers that deflect predators away from the
nest.

● Retaliation, e.g. biting, butting or chemical
secretions.

The most obvious avoidance reaction is flight. The
anti-predator response will generally be stronger to
a more dangerous stimulus. Hansen et al. (2001)
found that sheep took longer to recover and
showed a greater flight distance, i.e. the distance at
which they showed escape behaviour, when
exposed to a stuffed wolverine, lynx or bear on a
moving trolley than to a man or an inanimate
object. A man with a dog elicited a quicker and
more prolonged response than a man alone. Flight
may be socially controlled or uncontrolled. When
herd flight is controlled, the animals flee in their
normal travelling order (Sato, 1982), in which a
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high-ranking individual female is usually the
leader. When panic occurs there is uncontrolled
flight without commitment to any order. The
promptness of flight in horses in their original
habitat on the plains served as a vital survival
tactic. Horses can be frightened by sound, but stim-
uli that suddenly become visible are more likely to
cause an alarm reaction in the horse than are
disturbing sounds (see Fig. 7.1).

Avoidance reactions of cattle in response to
threatening approach can be passive or active.
Social submission, for example when attack by a
conspecific is perceived to be likely, may vary from
slight head depression with deviation away from the
stimulus to the animal assuming recumbency and
refusing to rise. This latter behaviour is a confusing
condition in the presence of a concurrent illness
contributing to recumbency. The characteristic
feature of such submission in cattle is vigorous, low
extension of the head and neck and an abnormally
low level of reactivity when aversive stimulation is
received. The recognition of submissive reactions is

essential in handling sick or ‘fallen’ livestock of all
species, to ensure that their condition is given
appropriate consideration.

Agonistic Reactivity

Aggressive behaviour is mostly seen when groups
of social animals are first formed. Although sheep
seldom show fighting behaviour, rams compete at
the start of each breeding season and sheep may
show aggressive butting if intensive husbandry
conditions increase competition over food or
bedded areas. Butting in cattle and sheep, biting of
the mane or withers in the horse, pushing and
biting in pigs and growling, hissing and biting in
dogs and cats are common forms of agonistic
behaviour (see Fig. 7.2).

Agonistic behaviour embodies many of the
behavioural activities of fight-or-flight and those of
aggressive and passive behaviour. Agonistic behav-
iour includes all forms of behaviour by an animal
associated with conflict with another animal.
Aggressive acts are most evident when the aggres-
sion of the initiating animal is countered with
equivalent aggression. This is common in
exchanges between individuals closely matched in
status (Fig. 7.2).

An interesting case of agonistic reactivity is
found in livestock-guarding dogs (Coppinger and
Schneider, 1995). These dogs socialize with sheep
or other livestock and limit agonistic motor
patterns towards sheep to play only, but show
vigorous defence of their sheep flock-mates if the
latter are menaced by wolves, coyotes or other
predators. The form of fighting varies from species
to species. Horses are often unpredictable in the
way in which they react aggressively. Their
response to alarm or threat may be flight or
attempted flight on the one hand, or attack on the
other, depending largely on temperament. Sparring
matches and real fights occur between young stal-
lions. In sparring there is skirmishing in which they
circle, sniff each other and stamp with a forefoot.
In the fight each tries to force his opponent to the
ground. In reaction to this, the defending animal
uses neck movements to ward off the attack.
Attempts are made to bite the opponent’s muzzle,
forelegs, neck, shoulder and ribs while whirling
round, rearing and kneeling. Serious fights begin
without skirmishing and start by attempting to
bite, rear up and strike out with the forefeet. When
an animal is losing a fight he takes flight, defending
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Fig. 7.1. This is a horse showing alarm, including
putting its ears back, opening the eyes wide and
opening the nostrils (drawing courtesy of A.F. Fraser).



himself as he does so by kicking out with the hind
feet. In stallion fights, loud bellowing vocalizations
are made.

To minimize aggressive events, horses maintain
large individual distances. The individual distance
is that at which some response to the advancing
animal is made. In the case of the ‘critical distance’,
the animal will be more likely to attack than take
flight. These distances vary according to the typical
reactivity of the animal resulting from its inherent
temperament, its experience, domesticated train-
ing, competition, housing, feeding and so on.

Fighting between pigs is most severe among
adults. Mixing adult pigs together, therefore, is an
operation that must be carried out with care. If a
strange sow is introduced to an established group
of sows, the collective aggressive behaviour of the
group directed at the stranger can be so severe that

physical injuries may result in death. When two
strange boars are first put together, they circle
around and sniff each other and in some cases may
paw the ground. Deep-throated barking grunts
may be made and jaw-snapping engaged in as fight-
ing starts. The opponents adopt a shoulder-to-
shoulder position, applying side pressure against
each other. Boars tend to use the side of the face
permitting the upwardly directed, lower tusks to be
brought into use as weapons. Boars attack the sides
of their opponents’ bodies in this fashion. Fighting
may continue for an hour before submission in one
animal. The loser then disengages from the conflict
and runs away squealing loudly. With the other’s
dominance thus established, the encounter ends.

When fighting begins in cattle, the animals fight
with their heads and horns. They try to butt each
other’s flanks. If one animal manoeuvres itself into
a position where it can butt the flank of the other,
the second animal turns around to defend itself and
attempts a similar attack. Fighting sessions do not
normally last longer than a few minutes, but in
cases where the animals are equally matched the
‘clinch’ move may be repeatedly employed. This is
a move where the animal being attacked from the
side turns itself parallel to the other and pushes its
head and horns into the region of the other’s lower
flank. This often arrests fighting for several minutes
before action is resumed. When one animal
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Fig. 7.2. Agonistic interactions of (a) cattle and (b) pigs
in evenly matched pairs (photographs courtesy of
A.F. Fraser).
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submits, it turns and runs from the other, which
then may assert its dominance by chasing after the
former for a short distance. If neither animal
submits, fighting may continue until both tire.

When a fight between two tomcats is imminent,
they may circle one another vocalizing loudly. The
aggressive contacts that cause injury are biting and
raking the opponent’s body with the claws of the
forelimbs. The bite that is most dangerous is on the
head and neck, and each individual endeavours to
move so as to avoid being bitten in these vulnerable
areas. As a consequence, bites on the shoulders and
flanks are easier to make. A form of defence by a
cat that is pushed over or grasped is to throw itself
onto its back and strike at the opponent with the
claws of the hind feet as well as the forefeet.
Scratch wounds are a much commoner conse-
quence of involvement in a fight than bite wounds.
Fights between dogs are usually considerably
quieter than catfights and, as the claws are not used
as weapons, more pushing is involved. The large
canines of a dog, similar in size and shape to its
wolf ancestor, may be used for biting or for slash-
ing. More prolonged bites involve the substantial
muscles that hold the mouth shut. Slashing bites
tear with the canine teeth and are usually preceded
and followed by rapid body movement. The fight-
ing strategy of a dog will depend upon whether it is
fast-moving, or heavy and powerful, in comparison
with its opponent.

As a feature of social reactivity, mock fighting is
seen as a variant of play. The form of mock fighting
is somewhat ritualized. The initial activity is one of
solicitation: this usually takes the form of the
approaching animal bounding towards the associ-
ate animal with jerky head movements. In cattle
there is head-lowering and tail-raising. In horses,
pigs, dogs and cats there is biting of the neck of the
associate. The following phase in mock fighting is
usually in the form of a contest, in which one
animal pushes or applies weight to the other.
During this it is common for the animals to circle.
Such circling motions are a feature of mock fight
behaviour in calves and piglets reacting to associ-
ates. Head butting also takes place. The termina-
tion of mock fights involves neither harm nor
chasing. The development of motor patterns, such
as those involved in fighting, can occur in the
absence of opportunities for play during develop-
ment, but the refinement of skills is likely when
play-fighting is carried out (Pellis and Pellis, 1998).

Defensive Reactions to Man by
Farm Animals

Man was a dangerous predator to the ancestors of
our farm animals, and people are often treated as a
source of potential danger by present-day farm
animals. This fact is often ignored by those who
work on farms but competent stockmen, both
female and male, learn to recognize such responses
and to treat the animals in a way that minimizes
their occurrence. If a person enters an animal house
rapidly and noisily, the animals may show a violent
escape response. This can occur in a calf, pig or
poultry house, but the response of poultry can be
the most damaging. A wave of escape behaviour,
often called hysteria, can pass down the house and
result in a pile-up of birds against the wall of cages
or of the house. Many birds may die in this situa-
tion. If entering is preceded by a knock and avoid-
ance of unexpected movements and noises, such
problems can be minimized.

The qualities of a good stockman include the
avoidance of causing panic, as described above, and
an ability to act calmly and predictably when coming
close to animals. Early studies on stockman behav-
iour and effects referred especially to dairy cows.
Baryshnikov and Kokorina (1959) showed that milk
let-down occurred faster if the cows saw the familiar
milker, and Seabrook (1977) showed that milk yield
was higher if the cowman moved in a deliberate,
calm way, talked quietly to the cows and followed a
regular routine. Management efficiency and milk
production have been improved by studies of defen-
sive behaviour of cows to cowmen and by amending
aspects of milking parlour design (Albright and
Arave, 1997). Recent studies of stockmanship
emphasize the advantages of the good stockman,
both for animal welfare and for production efficiency
(Hemsworth and Coleman, 1998).
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8 Feeding

Introduction

Feeding involves a complex series of decisions and
depends upon an elaborate array of mental, motor
and digestive abilities. Wild animals, or free-
ranging domestic animals, need to find the right
sort of habitat and then to find concentrations, or
patches, of food before they can start looking for
particular food items. Finding the food source is
also important for young animals, which have to
find their mother’s teats or another food source
that they have not seen before. Foraging is the
behaviour of animals when they are moving
around in such a way that they are likely to
encounter and acquire food for themselves or their
offspring (Broom, 1981).

A hunger system comprises: (i) perceptual mech-
anisms for recognizing food; (ii) a central hunger
mechanism for integrating causal factors for eating
and coordinating necessary movements; and (iii)
motor mechanisms for locating and ingesting food
(Hogan, 2005). The initiation of feeding behaviour
can be affected by diurnal rhythms and social
factors, but inputs from monitors of body state are
of particular importance. Inputs to the brain
reported to be of importance in several species
include visual input, input from taste receptors,
input resulting from stomach contractions, insulin
effects, plasma glucose detector input and fat store
monitor inputs (Mogenson and Calaresu, 1978;
Rowland et al., 1996). Stimulation of the lateral
hypothalamus can lead to eating by rats or cattle,
but the lateral hypothalamus is not essential for
eating to occur. Glucose levels are clearly of little
importance to feeding in ruminants (Baile and
Forbes, 1974).

Once food is found, the rate of ingestion will
limit intake. This will depend upon: (i) oral
mechanics and other abilities of the animal; (ii) the
physical and mechanical properties of the food;
(iii) the availability of water; (iv) the nutrient qual-
ities of the food; and (v) the effects of disturbances

such as those due to danger of predation, attacks
by insects or competition from other members of
the species. Both the efficiency of finding food and
the various effects on the rate of ingestion will be
modified according to the previous experience of
the individual. The point at which ingestion of a
meal ceases will depend on gut size and input to
the brain from sensory receptors, such as those
which signal that the gut is full. Booth (1978)
proposed that eating occurs when the flow of
energy from absorption becomes too small and
disappears again when absorptive flow becomes
adequate. Such explanations, whether or not refer-
ring to satiety centres in the hypothalamus, cannot
explain the many different situations in which
feeding is initiated or terminated. As Rowland et
al. (1996) explain, the control of feeding depends
upon several interacting systems. The roles of the
lateral hypothalamus, lateral preoptic area, amyg-
dala, temporal cortex, orbito-frontal cortex and
striatum in the control of feeding in rodents and
primates are reviewed by Rolls (1994).

During the delay before the next meal, the food
is processed. The rate of processing, which depends
on gut cross-sectional area, enzyme activity in the
gut and food quality, will often be a major factor
limiting food intake. The next meal may be delayed
by more than the digestion time if there is input to
the brain which indicates that the general meta-
bolic state as indicated by, for example, the fat
store level, is such that no further meal is needed. If
extra food is needed due to metabolic needs, e.g.
external temperature is low, then the onset of the
next meal is accelerated. Another important factor
that can affect the delay before the next meal is the
quality of the ingested food. If this is insufficient
then the animal may move to a better place before
recommencing eating. The efficiency of digestion
can be impaired by illness, parasites or by adverse
conditions that lead to adrenal activity, as well as
by the quality of food, so any of these factors can
have an effect on intake.
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Physiological changes alone do not explain all of
the variation in feeding behaviour. Feeding behav-
iour is strongly influenced by reinforcement, both
positive and negative, from food palatability and by
the environmental and social associations of feed-
ing. It is necessary for concepts of motivation and
reinforcement to be incorporated into any compre-
hensive view of food-intake control. It has been
suggested that, as the animal develops, drinking and
feeding may occur as natural complements of each
other and they may occur frequently and in modest
amounts, not because the animal is compelled to
restore accumulated deficits but because it antici-
pates the pleasures of ingestion and thereby avoids
the deficits entirely (Epstein, 1983). Berridge (1996)
explains how different regions of the brain control
two separable components of pleasure associated
with eating, the pleasantness of the food itself and
satisfaction of the desire to eat certain foods.
Studies of various animals with food continuously
available, including rats (Le Magnen, 1971) and
cattle (Metz, 1975), show that meal size is more
often correlated with the interval before the follow-
ing meal than with the interval since the last meal.
These animals are not compensating for an accumu-
lated deficit but are using a feedforward control
system. They must have learned that food has a
certain effect, so they consume enough for a certain
future period duration.

The following sections will deal with: (i) grazing
behaviour as an example of how feeding is organ-
ized; (ii) finding food; (iii) the ability to obtain
food; (iv) meal size and food selection; (v) the
effects of disturbance on feeding; (vi) social facilita-
tion; (vii) competition and feeding behaviour; and
finally (viii) some specific details about feeding in
cattle, sheep, horses, dogs, cats, pigs and poultry.

Grazing Behaviour

Any animal that wishes to feed must take a series of
decisions about how to behave in order to find,
ingest and digest food (Broom, 1981). A goat will
often choose to browse on shrubby herbage, while a
sheep or cow will graze on pasture plants (Rutter et
al., 2002). A grazing cow must first find a suitable
patch of herbage on which to graze. In doing this it
will usually remember where such a patch may be
found and it will do best if it returns to a patch that
has been allowed to regrow since it was last
harvested. There is evidence from the work of Favre
(1975) on sheep grazing on mountain pastures that

the flocks return to small areas of pasture at inter-
vals that would allow effective regrowth. When a
grazer is standing in utilizable pasture, it does not
eat all green material at random but must still take a
series of decisions that will allow it to harvest the
food effectively (Broom, 1981; Penning et al.,
1995). The grazer (see Fig. 8.1) must assess the
herbage and decide whether to lower the head and
take a bite, how large a bite to take, at what rate to
bite, whether to stop biting and chew or otherwise
manipulate the grass in the mouth, whether to
swing the head to one side, whether to take one or
more steps forwards and whether to raise the head
and carry out some other behaviour. Then it must
decide when to start grazing again.

Patterns of eating, in which there is variation from
nil to maximum rate, are characteristic of grazing
behaviour in horses, cattle and sheep (see Fig. 8.2).
The actual duration of active eating is influenced by
food quality and availability (Rutter et al., 2002).
Grazing activity is largely confined to the daytime,
except when day temperatures are so high as to be
aversive, and the onset of active grazing is closely
correlated with the time of sunrise. Most of the
daylight hours are occupied with grazing periods.
These periods usually add up to more than half of
total daylight time, but some night grazing is also
practised. The most active grazing season coincides
with spring in most temperate regions.

During very hot weather in summer, more night
grazing occurs. Cold and wet spells of weather in
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Fig. 8.1. An example of complex behaviour: a Merino
sheep grazing (photograph courtesy of D.M. Broom).



winter can reduce grazing, but they do not have a
very significant effect upon the ratio of day to night
grazing. In winter, horses spend most of their time
grazing while less time is spent grazing during very
warm weather. Summer grazing behaviour in both
cattle and horses is modified and reduced by fly
attacks.

On arid ranges, sheep and horses have been
observed to travel long distances each day to water.
It is likely that usable range is determined by the
furthest distance from available water that live-
stock are able to travel on a daily basis. Grazing
animals can ingest snow as an alternative to water
if the latter is difficult to reach, or is frozen, in
winter. Range grazing animals, in the presence of
snow, can afford to forage outside the usual
watered territory. Cattle drink twice daily, on aver-
age, in warm weather, but once-daily drinking is
more common in winter.

Grazing uses up energy for travel in addition to
time. The nature of the grazing territory or home
range, and its quality, influence grazing travel.
Horses may travel 3–10 km/day and spend about
2–3 h in grazing travel. Cattle move from 2 to 8
km/day in grazing travel distance and spend about
2 h in grazing travel time. Sheep on range travel
about 6 km/day and spend 2 h on this travel. On
good pasture land, sheep may travel only 1 km/day.
Range livestock also travel considerable distances
regularly to salt-lick locations which should, there-
fore, be sited to allow sufficient visits.

The grazing activities of milking cows are
synchronized and arranged around the milking
times. Active grazing bouts are followed by rumina-
tion, usually in sternal recumbency. Synchronized
grazing may occur in response to environmental
cues such as dawn, dusk, rain, management meth-
ods and social factors.

The investigation of grazing behaviour is greatly
facilitated by the use of automatic recording meth-
ods. The rate at which grazers bite at the herbage
and the duration of grazing and ruminating can be
determined using a recorder with an elastic tube
placed around the jaw of the animal, its stretching
can be monitored and records produced such as
that in Fig. 8.3. Biting, rumination and swallowing
are distinguishable and can be recorded on a
recorder carried by the animal, or telemetrically
(Penning et al., 1984).

Finding Food

The methods of finding food in domestic animals
are very diverse. In Fig. 8.4 a characteristic feeding
method in mallard or domestic duck is seen.

Sheep, goats or cattle on sparse pasture often
have to use much energy searching for plant mate-
rial that is worth harvesting. They may have to
travel long distances and remember where suitable
patches of pasture are to be found. Since less suit-
able plants may be more readily available, foraging
in such conditions may involve selection and is
considered under that heading. On some occasions,
however, suitable food is present but at very low
density. Sheep in dry conditions in Australia may
have so little green material available that it is
worthwhile for them to dig in the ground for the
shoots and seeds of subterranean clover Trifolium
subterraneum. Given a choice, sheep in temperate
Europe will select 70% of clover in their diet
(Parsons et al., 1994), but always take some grass,
probably because of its fibre content (Rutter et al.,
2000). Grazers may also turn to browsing on
plants that are normally avoided.

When a predator such as a cat or dog has to look
for its own food, it may use one of several strate-
gies. Dogs are very flexible in their food finding and
selection behaviour as they can utilize a wide range
of nutrients (Manteca, 2002). Cats may move
through an area where prey species are likely to be
present, ready to give chase if one is detected. The
chase will often be preceded by a period during
which the cat attempts to get close to the prey indi-
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vidual by stalking it quietly. An alternative strategy
is to wait at a place where prey individuals may
appear, for example by a frequently used path or at
a waterhole, and then to attack. The cat needs to
know how best to overcome the prey species. A
dog would also use either of the two methods

described above. However, packs of wolves and
dogs are generally much more successful at catch-
ing the larger prey by concerted action. Pack hunt-
ing may allow the effective capture of prey that
would not be caught by individuals.

When a calf is born and left with its mother, it is
important for its disease resistance that it obtains the
colostrum, or first milk, from the mother. Dairy
cows that have had several calves have large, pendu-
lous udders and fat teats and this causes difficulty for
the young calf when it makes searching movements
that would result in teat finding if the teats were
higher and smaller (Selman et al., 1970b; Edwards
and Broom, 1979). In a study of 161 calvings, 80%
of heifers’ calves were successful in finding a teat and
ingesting colostrum within 6 h, but 50% of calves of
cows of 3 or more years of age failed to find a teat in
this time (Edwards, 1982). Hence, it is important for
farm staff to put the calves of older dairy cows on to
a teat, preferably within 3 h of birth, as colostrum
production and the ability of calves to absorb
immunoglobulins from colostrum both decline
rapidly after birth (Broom, 1983a).

There is seldom any teat-finding problem for
calves of beef cows or for other farm animals.
Lambs may, however, be deserted by their mothers
and hence fail to obtain colostrum or milk. This
problem is worse if twin lambs are born and is
much greater in some breeds, such as Merinos,
than in other breeds. Piglets are usually able to find
the udder unless they are very weak at birth, but
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Fig. 8.3. Traces produced by the jaw movements of a
sheep with a thin elastic tube, containing carbon fibre,
around its jaws. The stretching or contracting of the tube
changes electrical resistance and this is converted to a
trace: (a) jaw movements during grazing; (b) the
characteristic trace during ruminating and swallowing
(after Penning et al., 1984).

Fig. 8.4. Ducks in shallow
water feed by up-ending to
get plant or animal material
from the bottom (photograph
A.F. Fraser).



there may not be enough functional teats if the
litter is very large. Due to the very brief milk ejec-
tion period and the competition between piglets for
teats, piglets that are weak at birth, overlain by the
sow or which become separated from the sow may
fail to suckle. The problem of finding the food
source may be even greater for young animals fed
artificially. A young calf, lamb or kid will often not
drink milk from a bucket unless actively trained to
do so. Calves fed from artificial teats sometimes do
not suck from these. In a study of dairy calves
reared in groups from 24 h of age, an artificial teat
was put in the mouth of each calf, but some calves
were not readily stimulated to go to the teat and
drink. Such problems are discussed further in the
section on social facilitation.

Ability to Obtain Food

It is easy for a chicken to obtain a food grain, once
it has found it, but the harvesting of pasture plants
is more difficult because of the structure of the
plants. Vincent (1982, 1983) has shown that grass
leaves cannot be broken by the propagation of a
crack across the leaf, following local damage but
require a considerable amount of force, as many
fibres have to be broken. As a consequence of the
relatively large amount of energy and time needed
on each occasion that the grass, or other pasture
plant, must be broken, long pasture is more worth-
while energetically to the grazer than shorter
pasture. Even if the animal is offered cut fodder,
larger particles may be more profitable energeti-
cally than smaller particles of the same digestibility,
for cattle prefer unchopped silage to chopped
silage. Presumably, the larger amount of material
per mouthful that can be obtained is the reason for
this. The ease of harvesting food is clearly a factor
that the grazer takes into account when deciding
how and what to eat.

The mechanical difficulties associated with
breaking growing plant material, the movements
involved in gathering the food and the manipula-
tions necessary before swallowing set limits on the
rates at which animals can eat. Such rates are of
importance where animals are required to eat
quickly, for example a cow in a milking parlour. A
cow requires 2–4 min to eat 1 kg of grain or manu-
factured concentrates. Hence, high-producing cows
fed mostly or all concentrates at the time of milking
may have difficulty in consuming their ration before
they are required to leave. The efficiency of feeding

by animals is altered by experience. In studies of
developing domestic chicks, Cruze (1935) showed
that accuracy of pecking at food grains improved in
all chicks as they matured but that practice had a
considerable effect on pecking accuracy (see Fig.
8.5). The efficiency of grazing in young sheep also
improves with experience. Arnold and Maller
(1977) reared sheep without grazing experience for
3 years and then found that their intakes were
considerably lower than those of experienced graz-
ers on the same pastures (see Fig. 3.4).

Domestic animals usually learn very fast when
food is provided in a new place or when a new
procedure for obtaining food is required of them.
Modern methods for individual feeding are exam-
ples of such situations. There are systems where
cows, calves or pigs wear around their necks a
transponder that is recognized electronically and
causes a door to open or food to be provided. The
Callan–Broadbent gate system for dairy cows
involves individual mangers being accessible
through a movable, hinged gate that opens and
allows the cow to lower its head into the manger,
but only if the transponder on the cow’s neck is
recognized. Hence cows have to learn which gate is
theirs and most do this very quickly. Systems where
rations are provided on a daily basis at a single
feeder, when a cow, calf or pig approaches and its
transponder is recognized, are also readily learned.
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Farm animals are also remarkably adept at learning
how to gain food when the stockman does not
intend that they should do so!

Meal Size and Food Selection

Many studies of animal feeding show that animals
can recognize the energetic value of foods and can
take account of the energetic cost of obtaining food
when organizing their feeding behaviour so it is clear
that they have an appetite for energy. This does not
mean that energy intake is always paramount in
determining how feeding will occur, however.
Nutrient quality, other functional systems including
water balance, predator avoidance and social factors
also influence feeding. The termination of feeding
can occur because ingested food releases hormones,
such as the neuropeptide cholecystokinin, from the
gastrointestinal tract. Brain opioids also have some
involvement because their inhibition, e.g. by nalox-
one, which is an opioid receptor blocker, can
suppress ingestion (see Cooper and Higg, 1994 for a
brief summary of such information). Plasma
glucagon, produced in the pancreas, increases during
feeding and injection of glucagon can reduce meal
size, so this would seem to be another mechanism
whereby meals can be terminated (Geary, 1996).

The amount of food eaten over a period of
several days by a fully grown individual with free
access to food is generally just sufficient to maintain
body weight. The energy value of the intake, which
we would measure in joules, is that which keeps the
body fat stores at a set point (Baile and Forbes,
1974). If a pig, for example, is given food diluted
with low energy material, it eats more so that the
energy intake remains constant (Owen and
Ridgman, 1967). The energy intake is reduced,
however, if energy intake has been higher than
normal. The establishment of the set point occurs
during rearing, so animals that are starved early in
life, may remain thin when adult even if abundant
food is present and young animals, which are
overfed, may become obese adults. One conse-
quence of the operation of the system controlling
intake is that changing nutritional demands, such as
those due to pregnancy or lactation, can be allowed
for if adequate food is available, as can extra energy
requirements due to adverse climatic conditions.

Domestic animals require a variety of nutrients,
often obtained from different sorts of food. Taste
has an effect on food selection. Dogs have many
taste receptors that respond to sugars and also show

a rather weaker response to amino acids (Thorne,
2002). The cat, on the other hand, shows little
response to sugars and is clearly an obligate carni-
vore highly adapted to meat eating and remaining
on a high-protein diet (Manteca, 2002). In addition
to choosing food, which gives the best net energy
return, do homeostatic mechanisms exist to stimu-
late consumption of specific and essential nutrients,
in proportion to their need by the body?

The answer appears to be in two parts. First,
regulatory systems exist for water and sodium,
creating thirst and salt appetites (Fitzsimons, 1979;
Booth et al., 1994). There is also evidence for a
specific calcium appetite in birds. Secondly, nutri-
tional deficiencies in general do not have specific
homeostatic methods of self-correction. Centres
mediating thirst are located in the hypothalamus.
Pigs, sheep and cattle rendered sodium deficient will
consume appropriate amounts of solutions contain-
ing sodium ions and can be trained to show an
operant response for a sodium reward (Sly and Bell,
1979). An ability to recognize a body calcium deficit
is present in domestic fowl, for calcium-deprived
hens will choose a calcium-enriched diet even if that
same diet without the calcium would be rejected as
unpalatable (Hughes and Wood-Gush, 1971).

Salt deficiency results in freely available salt-licks
for animals being put to full use. They provide one
way of supplying trace elements that might not be
ingested even if made equally freely available in
another mixture. Sometimes, a salt appetite in
animals can be very acute and can lead individuals
or groups into long searches for salt. Grazing
animals with access to the seashore can be seen
foraging on the shore below the high tide line,
where they will frequently ingest seaweeds and will
lick and chew other salted material. Occasionally,
in various species, voluntary salt ingestion can be
excessive enough to create salt poisoning.

There are no regulatory ingestive systems for
specific deficiencies of minerals or essential organic
substances, but animals can learn that certain foods
reduce illness. Garcia et al. (1967) found that
thiamine-deficient rats learn to eat more of thiamine-
rich foods. Animals can compensate for deficiencies
and provide for special needs, e.g. during pregnancy,
by trying a variety of foods not normally eaten and
continuing to eat foods that have beneficial effects. A
variety of species of animals learn much about what
foods are acceptable or valuable for remedying
dietary inadequacies from parents, siblings or social
group members (Galef, 1996).
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The absence of most nutrients in the diet of farm
animals is not recognized directly, and the animals
must use trial and error learning to attempt to
compensate for dietary deficiencies. The conse-
quence of this is that the food selected may fulfil
nutrient requirements but, especially when the food
is manufactured, the wrong amounts of various
nutrients may be taken. Tribe (1950) found that
sheep offered linseed cake meal consumed twice as
much protein as necessary but, if the protein was in
the form of fishmeal, they took less than the neces-
sary amount. Growing pigs may select an optimal
amount of protein for weight gain in some circum-
stances or a non-protein diet in others.

Mineral deficiencies can lead to pica, the seeking
out and eating of objects and materials that are not
normally food; for example, the chewing of wood,
bones, soil, etc. Pica is a notable feature of phos-
phorus (P) deficiency in cattle. Even when given free
access to bonemeal, deficient animals still do not
change the pica to selective ingestion of the appro-
priate foodstuff. When P-deficient cattle can eat
such bonemeal they seldom eat enough to correct
completely a deficiency great enough to have caused
the pica. Horses have been found incapable of
correcting mineral deficiency when given free access
to a digestible mixture rich in the necessary mineral.

In obtaining food, animals not only have to
obtain sufficient energy and nutrients but they have
to contend with the defences of the food animals and
plants. Natural selection has acted on both plants
and animals so as to minimize the chances that they
will be eaten. Physical defences include weapons and
mechanical defence. The weapons of a group of
buffalo menaced by a lion are obvious, but the
thorns of an acacia or bramble and the irritant
chemicals of a nettle or poison ivy are just as effec-
tive. Some animals have tough hides or bony plates
to protect them, and plants can also have tough
outer layers. Grasses and other pasture plants have
developed rows of parallel fibres within their tissue,
which makes the leaf and stem very difficult to break
(Vincent, 1982). Plants often have chemical defences
(Arnold and Hill, 1972; Harborne, 1982) and may
change their growth form so as to make grazing on
them more difficult (Broom and Arnold, 1986).

Animals deal with poisons by recognizing that a
poison has been ingested and getting rid of it from
the gut, developing enzyme detoxification mecha-
nisms or by learning to avoid consuming an
amount that poisons them (Freeland and Janzen,
1974). Cats show such food neophobia (Manteca,

2002). If new foods are eaten it is important to the
majority of animal species to be able to deal with
poisons. The simplest method for avoiding poisons
is to avoid eating any new food; the desirable
behavioural characteristics are: (i) consume only
small quantities of new food; (ii) have a good
memory for different food characteristics; (iii) be
able to seek out special foods; (iv) sample foods
while eating staple foods; (v) prefer familiar foods;
(vi) prefer foods with small amounts of toxic
compounds; (vii) have a searching strategy that
compromises between maximizing variety and
maximising intake. Galef (1996) explains how
aversion for some foods that are, or are perceived
to be, toxic, can be learned as a result of social
influences by various rodents and primates.

Food preferences can also serve a useful function
in that they allow animals to avoid foods contain-
ing toxins. Foods may be avoided when first
encountered because of their taste or other charac-
teristics. It is also possible, however, that domestic
animals could learn that certain foods lead to later
illness. Laboratory experiments on rats show that
foods containing poisons, which took up to 12 h to
cause effects, were subsequently avoided by rats
(Garcia et al., 1966; Rozin, 1968, 1976). Studies
on cattle, sheep, goats and horses by Zahorik and
Houpt (1981) demonstrated that novel food whose
consumption was followed by sickness and discom-
fort within 15 min was avoided subsequently but, if
the delay before the discomfort was 30 min, the
animals did not seem to associate that discomfort
with the novel food and that food was not avoided
subsequently. When animals are grazing they do
very often show clear rejection of plants with
toxins in them and, in many cases, this must be a
consequence of learning from the effects, perhaps
immediate, of eating the plants.

Chemicals whose presence led to rejection
include tannins, coumarins, isoflavones and alka-
loids (Arnold and Dudzinski, 1978). Grazers also
avoid pasture contaminated by their own dung, a
behaviour that reduces the likelihood of parasite or
disease transmission. Since dung, especially slurry
from cowsheds, is important as a fertilizer for
pasture, this avoidance behaviour is important.
Cattle offered clean pasture or pastures treated 
7 weeks earlier with slurry preferred to eat the
clean pasture (Broom et al., 1975). If the only
pasture available was slurry treated, the cows ate
only the tops of the grass. They stopped grazing
and walked more often than on clean pasture and
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they were involved in more competitive encounters
(Pain et al., 1974; Pain and Broom, 1978).

Given the opportunity, all grazers are selective in
their diet, but this selection depends upon net
energy return from each plant species as well as on
any toxic substances that might be present.
Preferences for particular plants over others occur
both when food is plentiful and when herbage
availability is low, for example in sheep grazing
annual pastures in Western Australia (Broom and
Arnold, 1986). The senses used in selection of
plants from pasture are sight, touch on the lips,
taste and smell (Arnold and Dudzinski, 1978;
Rutter et al., 2002), but sight seems to be the least
important sense, in this respect, for Merino sheep.
Many man-made diets include several different
components and animals will take some of these
preferentially, and hence will not consume the
supposedly balanced diet that is provided for them.
For a review of food preference studies on various
domestic animals, see Houpt and Wolski (1982).

If young pigs obtain a flavour from their
mother’s milk or a strong-tasting food shortly
before weaning, they will accept food with that
taste more readily later (Kilgour, 1978). Early expe-
rience can have a considerable effect on the food
preferences of domestic animals. Arnold and
Mailer (1977) found that sheep reared on range-
land areas of Australia had different preferences
from those reared on sown pastures. Similar factors
can result in animals refusing to accept foods that
would be beneficial to them. Lynch (1980) found
that up to 82% of cattle totally rejected food
supplements. Arnold and Mailer (1974) showed
that the reluctance of sheep to eat grain early in life
was reduced if they were fed it as lambs. Keogh and
Lynch (1982) found that a similar improvement in
adult grain consumption could be obtained if
lambs observed their mothers eating grain, even if
they themselves did not eat it.

The Effects of Disturbance

The times of starting and stopping feeding and the
rate of feeding can be considerably affected by
climatic conditions, predators, insects and competi-
tors. Animals may refrain from eating during the
hottest part of the day because they must seek
shade at this time (Johnson, 1987), or may cease
eating during heavy rain or high wind because the
normal feeding movements are difficult in these
conditions. If an animal detects the presence of a

predator it will stop feeding, and all domestic
animals maintain some vigilance for potential pred-
ators. A chicken or a sheep that spends much of its
time looking out for possible predator attack may
be unable to consume an adequate amount of food
and may feed in a different way when it does feed.
Man is often treated as a predator by domestic
animals, and disturbance by people may have
considerable effects on feeding. Animals may not
feed normally when they have to come close to
people to obtain food, and precise records of
normal feeding behaviour are often not obtained
by experimenters for this reason.

Insect attack may have very large effects on feed-
ing behaviour. Cattle attacked by warble flies
(Hypoderma) and sheep attacked by the sheep-bot
fly Oestrus may show panic reactions that certainly
affect feeding behaviour (Edwards et al., 1939).
Biting flies may also have considerable effects on
where and when animals feed as well as on the
number of interruptions during feeding. The stable
fly (Stomoxys calcitrans) and other flies that bite or
cause annoyance to cattle can impair growth rates
or milk production (Bruce and Decker, 1958). This
may be due to decreased intake, or increased
energy demands caused by fly attack. These flies
and others, such as the headfly (Hydrotaea irritans)
that transmit disease, attack specific parts of the
body of the animal (Hillerton et al., 1984). Their
attacks can be reduced considerably by the use of
insecticidal ear tags (Hillerton et al., 1986).

Social Facilitation

Many domestic animals are species that live in
social groups, and members of a pack of dogs or a
flock of sheep are often observed to eat at the same
time as other group members. If cattle, sheep or
pigs are taken from their group and housed indi-
vidually they eat less (Cole et al., 1976). This could
be a response to lack of companions in general or
to lack of companions at feeding time. Even when
food is continually available, social animals usually
synchronize their feeding (see Fig. 8.6). Hughes
(1971) found that chickens in cages synchronized
their feeding much more often than would be
expected by chance. As a consequence of such
effects, the duration of grazing is much more
constant when animals graze in a herd than when
they graze individually. Pigs also prefer to eat when
other pigs do (Hsia and Wood-Gush, 1982) and
piglets synchronize suckling. This is part of the
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general phenomenon of social facilitation. Social
facilitation is behaviour by an individual that is
initiated or increased in rate or frequency by the
presence of another individual carrying out that
behaviour. This is a more specific definition than
the mere social enhancement of a behaviour in the
presence of other individuals (Zentall, 1996).

The rate of feeding is also affected by the pres-
ence of one or more companions. Chicks pecked
more frequently and ingested more when a
companion was present (Tolman and Wilson,
1965), and an apparently satiated hen took more
food if a hungry hen was introduced to its cage
(Katz and Revesz, 1921). A similar effect among
calves has been demonstrated. A calf fed on a milk
replacer was fed alone early in the morning, but its
companion calf was not fed. If the companion was
then reintroduced to the adjacent pen and given
milk, which it drank, the first calf – which could see
the second drinking – consumed more milk
replacer. In a subsequent experiment, the first calf
was again fed alone then the second calf was intro-
duced to the same pen but was muzzled. When
milk replacer was made available, the muzzled calf
tried to drink and stimulated the first calf to take
even more milk. The results are shown in Table 8.1.
These results, together with observations of calves
feeding when housed in groups of ten, showed that
food intake by young calves can be increased when
others can be seen and heard feeding. Hence, since
competition is relatively unimportant in these
calves, the chances that any calf will receive too
little milk replacer are reduced if several teats
(about one per two calves) are provided close
together (Barton and Broom, 1985).

In dogs, the presence of other members of a
group can lead to individuals consuming 50%
more food than would occur if they were alone
and, when previously satiated dogs were joined by
hungry individuals, they often ate more food
(Manteca, 2002).
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Fig. 8.6. The percentage of horses, Merino sheep and
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Sheep graze together for concentrated periods but
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Table 8.1. Social facilitation of milk feeding by calves (from Barton and Broom, 1985).

Mean Mean
Mean Sucking sucking
milk rate duration 

intake (l) (l/min) (s/day)

Calf alone 5.5 0.68 487
Calf with hungry calf in next pen 7.5 0.62 724
Calf with muzzled calf in same pen 9.2 0.64 864



Competition and Feeding Behaviour

Individuals competing for food may be successful
because of their fighting ability, or because of
threats that provide some information about their
fighting ability. This is not the only ability that
might lead to success, however, for competition for
a food item is often resolved by the faster-moving
individual acquiring it. The hen that runs and
pecks fastest is most likely to obtain a grain
thrown to a group of hens. If a limited amount of
food is available, the faster eater often obtains
more than slower eaters. This applies especially to
pigs or cattle feeding from a trough. For many
generations, trough-feeding of a limited quantity
of food has resulted in selection for animals that
can ingest food at a high rate. Even at pasture,
animals graze at faster rates when they know that
the herbage available is limited. Benham (1982a)
found that a herd of cows, moved to a new strip of
pasture every day, grazed most immediately after
introduction to the new strip. The biting rates and
the incidence of aggression were highest at this
time.

In wild ungulates, high levels of competition for
a particular food resource often lead to individuals
moving to another source in the same area or to a
new area (Owen-Smith, 2002), but farm animals
often cannot do this. The effects of competition on
food intake have been apparent from many farm
animal studies. Wagnon (1965) found that heifers
kept with older cows lost weight, while those with
older cows fed separately gained weight. The
heifers were unable to feed adequately because the
space available at the feed bunker or trough was
inadequate for all of the animals, and the older
cows actively prevented the heifers from feeding on
many occasions.

Observation of fights and other competitive
encounters often makes it clear that individuals
recognize one another and consistently defer to
some and take precedence over others. The
competitive order that can be described need not be
linear and need not be the same in all situations or
when assessed using different measures (Broom,
1981), but the behaviour of animals at the top and
bottom of the order are often very different when
the animals are feeding. The frequency of distur-
bance while feeding and the consequent duration of
feeding are both apparent when the paths of cows
high and low in the competitive order are
compared (Albright, 1969). Calves that did badly

in competition were found to obtain less concen-
trate food and to gain weight less well when the
trough length was insufficient for all animals to
feed at once (Broom, 1982).

All situations where animals in a group are
unable to feed at one time should be avoided when-
ever possible. Feeding troughs should also be
designed to minimize any fighting or threats at the
time of communal feeding. Bouissou (1970) found
that cattle would feed from a trough alongside
other animals much higher in the competitive order
if a barrier extending over the trough was present,
but they would not do so if there was no barrier or
an inadequate barrier. Where clearly demarcated
feeding places with a place for each animal to put
its head are provided, there should be enough of
these places for each animal in the group. More
space per animal is required if no barriers of any
kind are provided.

Hunger, Starvation and Inability 
to Obtain Food

When an animal is not able to obtain any food, at a
time when feeding would normally occur, the moti-
vation to search for food increases. If food is not
found, further attempts to obtain food will gradu-
ally be replaced by the changed behaviour associ-
ated with reduced energy availability. In a
previously well-nourished individual, the first
metabolic change during a period of food depriva-
tion will be utilization of food reserves. This will be
associated with the increased presence of the
metabolites of the food reserves in the blood. Once
the readily available food reserves have been used
up by the food-deprived animal, other body tissues
such as muscle will be broken down, in order to
provide the energy required for survival or for
other urgent processes. An urgent process for a
pregnant mammal is to provide nutrients for the
developing fetus, for a lactating mammal it is to
provide milk for the young and for a bird about to
lay a clutch of eggs it is to produce enough eggs for
the clutch to be complete.

Hunger is a term referring to motivation (see
Chapter 4). If the levels of the set of causal factors
relating to obtaining nutrients are high, actions
that tend to reduce the causal factor levels will be
promoted. An animal making great efforts to
conserve energy because of food deficit or to obtain
food is said to be hungry. The more the individual
tries to do either of these, the hungrier it is consid-
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ered to be. An animal may be hungry because food
is not available at a time that its biological clock
indicates that food is expected. It will be more
hungry if the interval since the last meal is two or
three times the normal inter-feeding interval, and
very hungry if the deprivation is sufficient to intiti-
ate utilization of food reserves or other body
tissues. Hunger may change behaviour because of
the changes in motivational state, so that greater
risks are taken in attempts to obtain access to a
feeding place, or prey in the case of predators.

During a period of food deprivation, when does
starvation start? A useful threshold point is that
starvation starts when the animal starts to metabo-
lize tissues that are not food reserves, but are func-
tional tissues. If the animal starts to metabolize
muscle that is needed for effective body function-
ing, the welfare is poor because there is less ability
to cope with the environment. There will also be
changes in body condition so that the individual
becomes thin. Starvation is occurring if functional
body tissues other than specially adapted reserve
tissues such as glycogen in the liver, or body fat, are
being metabolized because energy levels from food
are absent or are too low. Starvation refers to a
metabolic change associated with overall energy
availability deficit. There may also be metabolic
changes associated with the lack of a specific nutri-
ent such as a mineral, vitamin or essential amino
acid.

Starvation is most often a consequence of lack of
food, but it can also occur because the energetic
expenditure of the animal is more than the energetic
input from that individual’s food. Hence a cow that
is producing so much milk that the energy input
from food is not sufficient to provide the production
may become thin as it is using up muscle, liver and
other body tissues to allow the high level of milk
production to continue. Similarly, a hen could be
starving because egg production costs are greater
than the energy income from food.

Some farm management practices frequently
lead to hunger frequently or even normally
(Lawrence et al., 1993; Lawrence, 2005), and some
have sufficient impact to cause starvation. Most
animals that have been selected for meat produc-
tion, with rapid growth and a high level of feed
conversion efficiency, can be fed ad libitum during
the growing period of young animals. However, the
animals used for breeding also have the genes
promoting high food intake and fast growth.
Hence, they have a large appetite for food and a

potential to grow too fast, for good body function-
ing and health are poor: broiler breeders and
breeding sows are examples of this. In order to
reduce both food costs and the likelihood of patho-
logical conditions associated with very fast growth,
people managing these animals restrict their food
to less that one-third of their voluntary food intake.
As a consequence, all of these animals are hungry
for much of their lives. Dairy cows may be hungry
or starving because, as mentioned before, the meta-
bolic output is greater than their input from food
(Webster, 1993).

Neglect in providing food for domestic animals,
or deliberate provision of no food or of too little
food, can also lead to hunger and subsequently,
perhaps, starvation. The most widely used method
of detecting hunger is to assess the level of motiva-
tion to obtain and ingest food. One method of
recognizing starvation is to assess body condition.
If the individual has no areas of fat, muscles are
reduced in size and bones such as the ribcage very
readily seen, it is clear that starvation has occurred.
Early recognition of starvation involves detecting
the metabolites of muscle and other tissue break-
down. Work on starved cattle by Agenäs et al.
(2006) and subsequent studies (Heath, personal
comment) have indicated that combinations of
metabolites are needed to show that significant
starvation has occurred.

Cattle

Cattle have to rely for food intake on the high
mobility of the tongue, which is used to encircle a
patch of grass and then to draw it into the mouth,
where the lower teeth and the tongue are used to
hold the bound grass while it is broken by a head
movement. The nature of a cow’s eating process is
such that it is virtually impossible for the animal to
take pasture plants closer than 1 cm from the
ground. After taking a series of bites, the cow
manipulates the plant material, chewing only two
or three times before swallowing. The head is
swung and steps are taken so that the next bites can
be taken from a new area. The bite size, rate of
biting, number of head swings and rate of stepping
are affected by the pasture height. Some data from
a study carried out on a rotationally grazed pasture
in Berkshire, UK, are shown in Table 8.2.

When similar measurements were made by
Broom and Penning on cows on two set-stocked
pastures, each with two average pasture heights,
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bite rates were not proportional to average pasture
height. The cows avoided longer, coarser grass and
grazed at a constant rate on shorter grass with a
higher proportion of leaf on both pastures. Chacon
and Stobbs (1976) found that as Setaria pasture in
Australia was eaten down, bite size declined
markedly and bite rate increased to a maximum.
This and other work by Stobbs emphasized that
cows show clear selection for leaf. On day 1 of the
study, 32% of the herbage dry matter available was
leaf, the rest being stem and dead material, but 98%
of the intake was leaf. The intake was assessed using
fistula samples. By day 13, only 5% of available
herbage was leaf but 50% of intake was still leaf.

When cattle on free range have grazed down an
area they will move to another area. Decisions
about whether or not to move will depend upon the
average return from that area as compared with
what the animals know to be the average return
from the habitat as a whole. Cattle in fields also use
their previous experience in deciding how much
energy to invest in attempting to graze after pasture
has been grazed down. If they know that they will
be moved to a new paddock or strip each day they
graze very fast at the beginning of the day, thus
competing with one another for the available
herbage, and do not graze much in the latter part of
the period on the day’s strip. When animals are
moved on after a few days when the pasture has
been grazed down, they learn how to train farmers
to move them at the appropriate time. The cue with
which they train the farmer is the sight and sound of
a row of cows standing by the fence and bellowing.

For cattle, as for other ruminant grazers, the
amount of energy obtained from the food is often
limited by food processing time. The maximum
rate of processing is limited by the cross-sectional
area of the gut. A consequence of this is that it is

important for the grazer not to waste digestion
time on poor-quality food if good-quality food is
available (Westoby, 1974). This is the reason
behind the active selection of leaf over stem. It is
also a reason for choosing to eat some pasture
plant species rather than others. Selectivity results
in certain plants being eaten down in the pasture
while others are left untouched. In addition to
those of poor nutritional quality, plants may be
avoided because they are hairy, spiny or poisonous.
Cattle in loose housing spend about 5 h/day eating
and their rumination time is also reduced.
Although cattle in feedlots are in a very unnatural
environment, they still show diurnal rhythms simi-
lar to those evident in natural grazing, but their
total eating time is much reduced. In place of natu-
ral grazing bouts, feedlot cattle have about ten to
14 feeding periods, with approximately 75% of
these occurring during daylight hours. If hay or
silage is fed, 5 h/day may be spent on active eating,
as in the loose-housing system. Eating time
becomes reduced as roughage is reduced and the
proportion of concentrate feed is increased.

Eating space is important in determining the
number of cattle that can eat at one time, and this
establishes the maximum amount of time during
which a pen of animals may eat over a 24 h period.
When eating space is restricted, feed intake of the
group shows a compensatory increase in rate of
consumption. Groups of feedlot beef cattle were fed
experimentally in single stalls, with only one eating
space provided for each pen of animals. The eating
behaviour of the stall-fed groups was compared
with that of trough-fed groups. The stall-fed cattle
ate faster and differed in their diurnal eating pattern
when compared with the cattle fed from troughs.
The diurnal pattern of cattle waiting to eat from the
single stalls did not differ from the diurnal eating
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Table 8.2. Grazing by Friesian cows on ryegrass pasture of two different
heights (in part from Broom, 1981).

Grazing characteristic Short grass Long grass

Mean length of longest shoot (cm) 13.0 30.0a

Time grazing in 24 h (h) 7.9 6.9a

Time walking in 24 h (min) 56.0 30.0a

Mean bite rate (bites/min) 51.0 47.0b

Mean chews per 100 bites 30.0 38.0a

Distance walked, head down (m/min) 2.5 1.9a

a P < 0.01; b P < 0.02.



pattern of trough-fed cattle. The ability of cattle to
eat successfully from a single feeding space was
related to the protection offered by the stall.
Dominant cattle did not prevent subordinates from
gaining access to the stall. Low-ranking cattle
replaced higher-ranking cattle as frequently as they
themselves were replaced by higher-ranking cattle
(Gonyou and Stricklin, 1981).

Cattle feeding indoors also modify their feeding
behaviour according to the food supplied, and show
clear preferences. The time taken to consume food
varies according to its volume, the concentrates that
may be in it, whether it is wet or dry and the way it
has been processed before being given to the
animals. Alfalfa requires more chewing before
ingestion than ground maize which, in its turn,
requires more chewing than shelled maize. Given a
choice between silage and hay, milking cows will
spend more time at the silage, often two-thirds of
the total eating time, while spending the remaining
one-third at hay. In a study of food choice it was
found that green fodders and roots were preferred
to protein, while cereal chaff was preferred to straw.

Many studies of cattle in field situations show
that they graze mostly during the hours of daylight
and cover, on average, about 4 km/day. The
distance travelled increases if the weather is hot or
wet or if there is an abundance of flies around.
During the season of hot weather, more grazing
may be done at night than during the day.

The time cattle spend grazing during the 24 h
period is 4–14 h. The number of drinks taken per
day is between one and four, and the time spent
lying down is usually in the 9–12 h range. These
figures may vary between beef cattle and dairy
cattle, tropical and temperate cattle, and restricted
or free-ranging herds. (Stricklin et al., 1976).

European breeds of cattle drink more than trop-
ical breeds. European cattle (Bos taurus) drink
30% more water per unit dry matter ingested at
28°C than Zebu cattle (Bos indicus) and 100%
more at 38°C (Winchester and Morris, 1956). This
is because Zebu cattle conserve water better. Cattle
fed on foodstuffs with a high level of protein drink
much more than those on a lower-protein supple-
ment. The amount of water consumed by pregnant
heifers has been calculated to be 28–32 l/day, while
the average daily intake of water by non-pregnant
adults is about 14 l.

Grazing behaviour has been studied in the
Chillingham herd of wild cattle in Northumberland,
UK, which for centuries has been free from interfer-

ence except during part of the winter when hay is
given (Hall, 1983; Hall and Clutton-Brock, 1995).
The general pattern of grazing during summer has
major grazing periods around dawn and dusk,
during mid-morning and early afternoon. During
winter, little night-time grazing takes place. Grazing
bouts, defined as periods of uninterrupted grazing,
can be up to 3 h in length. Grazing-bout length is
longer for females than for males in summer, but
this difference is not evident in winter. Grazing-bout
length is correlated with time since the last grazing
bout and with time to the next.

Following ingestion comes rumination, which
allows cattle to regurgitate, masticate and then
swallow food that they have previously ingested
into the rumen. Thus, animals can continue their
digestive activities at leisure, when away from a
preferred grazing area or sheltering during bad
weather. Cattle prefer to lie down during rumina-
tion except in bad weather. Rumination starts in
young calves of 4–6 weeks of age after they have
eaten solid, fibrous food such as pasture plants.
The growth of normal gut papillae and gut enzyme
development, typical of a herbivore, does not occur
unless such food is eaten. A calf of this age
deprived of solid food still tries to show a form of
rumination behaviour.

The duration of rumination increases with the
amount of solid – especially fibrous – food eaten.
During the 24 h cycle rumination takes place about
15–20 times, but the duration of each period may
last only a few minutes or it may continue up to 1 h
or more. The time spent ruminating amounts, on
average, to three-quarters of the time spent grazing.
The peak period for rumination is shortly after
nightfall; thereafter, it declines steadily until shortly
before dawn, when grazing begins. The factors that
may disturb or cause the cessation of rumination are
various. During oestrus, ruminating nearly always
declines. Any incident giving rise to pain, fear, mater-
nal anxiety or illness affects ruminating activities.

Sheep

Grazing activity by sheep is largely confined to the
daytime, and the onset of grazing is closely corre-
lated with sunrise. Grazing is punctuated by rumi-
nating, resting and other activities. The number of
grazing periods over each 24 h cycle averages four
to seven and the total grazing time usually amounts
to about 10 h.

The number of rumination periods may amount
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to 15 during the 24 h cycle. Although the total time
of rumination may be from 8 to 10 h, the length of
each period varies from 1 min up to 2 h. Where
3–6 l of water are consumed, the number of urina-
tions and defaecations total approximately nine to
13 and six to eight, respectively. It is widely recog-
nized that sheep prefer certain pasture plants
(Arnold, 1964; Broom and Arnold, 1986). Sheep
do not normally consume plants or grass that have
been contaminated by faeces. On average, sheep
consume food equivalent to 2–5%/day of their
body weight.

In a study of grazing by unmanaged Soay sheep
on a Scottish island with a diversity of ecotypes
available to the sheep, the best predictor of spatial
variation in sheep density was the total biomass of
green grass of all palatable species (Crawley et al.,
2004). The sheep tended to avoid tussocks, which
include dead grass stems and may include other
plant species, and to graze the areas between them.
Bite size was greater on long pasture including
tussocks. Before April the pasture available to the
sheep was lower than the amount that they could
eat, so the sheep were less selective and had to eat
plant material poor in energy quality. After April,
plant production exceeded consumption. In years
when the sheep population was too high for the
food availability, sheep died and in some years
there was a great drop in the sheep population 
to < 50%. After a sheep population crash, the
pasture plant population was significantly changed,
emphasizing the effects on pasture plants of
selective grazing by the sheep.

Sheep generally frequent a particular watering
place. They often use specific paths to water
sources and follow a recognized route rather than a
direct one. As with feeding, the amount of water
consumed varies according to breed, quality of
pasture and weather conditions.

Horses

Horses graze by cropping the pasture close to the
roots with their incisors. While grazing, they cover
large areas and seldom take more than two mouth-
fuls before moving at least one step further, avoid-
ing grass patches covered in dung. They maintain
some distance between one another when grazing
in groups. The young foal does not graze very effi-
ciently until it is several weeks old. By about the
end of the first week of life, however, the foal has

begun to nibble the herbage in association with its
dam.

Horses do not drink very frequently in a 24 h
period and many may only drink once a day. When
they do drink they typically consume very large
quantities of water, taking up to 15–20 swallows.
Horses were found to prefer grazing a clover-rich
pasture – with varieties of perennial ryegrass, timo-
thy and cocksfoot – to other species present
(Archer, 1971). Less palatable pasture plants were
red clover, brown top and red fescue. Observations
on eliminative behaviour and grazing indicate that
olfactory stimuli are important in directing feeding
behaviour towards certain plants and away from
dunging regions (Odberg and Francis-Smith,
1977). Most horses select the short, young growth
of plants, and often show a preference for the more
fibrous grasses. They also graze the higher-carbo-
hydrate grasses in a mixed pasture.

Studies have been made on browsing in the
ingestive behaviour of native Scottish ponies
(Shetland and Highland) in various environments
and geographical regions (Fraser and Brownlee,
1974) and of other horses (Fraser, 2003). These
ponies showed preferential selection of rough graz-
ing including privet hedges, dead nettles, burdock
and fallen leaves, in autumn and winter particu-
larly. Ash leaves seemed to be particularly
favoured. The bark of trees was often eaten; in
restricted areas of grazing, a number of trees could
be debarked to a height of 2 m, the bark-eating
commencing at the lower levels of the tree trunk.
The bark of some trees was apparently sought in
preference to others; while poplar was a principal
choice, ash, oak and rowan were also favoured.
Ponies were observed to paw out thistles and eat
them with their roots. Thistle and nettle eating
were practised more noticeably in winter than at
other seasons and were observed even in pastures
where no scarcity of other herbage was notable.

Social facilitation strongly influences grazing in
horses. There is transmission of feeding habits from
the mare to young foals. Group size and leadership
may also influence grazing by dictating the timing
of group activity.

Extremes of weather such as strong heat, wind
or rain reduce the time that horses spend grazing.
Season affects the grazing animal through seasonal
changes in the weather and the state of the sward.
Grazing at night is more common during the
summer than the winter in ponies.

90 Domestic Animal Behaviour and Welfare



Pigs

Rooting is a salient feature of ingestive behaviour
in pigs. Even when pigs are fed with finely ground
foodstuffs, they continue to show rooting activities.
The snout of the pig is a highly developed sense
organ and olfaction plays a large part in their
behaviour, not least in feeding activities. Pigs are
omnivorous and, at free range, eat a variety of
vegetable materials. They may also eat some
animals such as earthworms. Under modern
systems of husbandry, however, it is usual for pigs
to be fed on compounded feedstuffs. Pigs consume
a sufficient quantity of food of this type for 24 h, in
as little as 15 min of each day.

When food is continuously available, whether or
not searching is required to obtain it, pigs space their
eating and drinking periods throughout the day. Pigs
quickly learn to drink from mechanical devices that
supply water when some plate or button is pressed.
Water drinking is influenced by both animal size
and environmental conditions. Under normal con-
ditions of management, fully grown pigs consume
approximately 8 l/day. Pregnant sows may drink in
excess of 10 l/day and lactating sows up to 30.

The quantity of food that pigs consume is
affected by the palatability of the feedstuff.
Preference is shown for constituents such as sugar,
fishmeal, yeast, wheat and soybean. Substances that
reduce the intake of food include salt, fat, meat-
meal and cellulose. As a general rule, pigs eat wet
foodstuffs more readily than dry, though much
depends upon palatability. Under management con-
ditions where pigs are hand-fed they typically show
hunger when feeding time approaches, and it is
evident that the temporal arrangement of their feed-
ing activities is very well defined. The speed of
eating in the pig is found to increase as body weight
increases.

Breeding sows must regain body weight after the
end of lactation, and this is one reason why they
are very competitive at feeding time. If the head
and shoulders of sows feeding alongside one
another are separated by a barrier, aggression is
reduced. Hence, group housing in pens with access
to individual feeding stalls is an effective manage-
ment system. Electronic sow feeders can also work
well, probably with one meal of concentrates per
day and access to low energy-density roughage
such as straw. The feeders should have a front exit
so that sows to not have to back out – when they
could be bitten by a queueing sow.

The pig is a highly social animal and social facil-
itation is a common feature in its behaviour, includ-
ing its ingestive habits. When a group of pigs
unknown to each other are mixed, aggression
initially is the dominant behaviour but this soon
becomes increasingly inhibited and, as it does so,
social order results. Social facilitation of feeding
behaviour leads to intakes by sows in groups
greater than those peculiar to any individual pig
isolated from the group. In grouped growing pigs
where food is provided for all at once, there should
be enough room for all pigs to feed simultaneously.
Even when the hoppers are all filled, if these are too
few the pigs will not be able to avoid competition
in obtaining their full daily quota of food.

Fighting among feeder-pigs in groups is signifi-
cantly greater with single trough-space feeding than
with long trough feeders. Competition can be mini-
mized by giving groups of self-fed pigs access to
several feeders at a time, and the incidence of behav-
iour such as tail-biting and ear-biting can be reduced
considerably when these are provided. Growing pigs
have a daily water turnover of about 250 ml/kg
when fed dry pellets at the rate of 4–5%/day of body
weight. Water intake is little changed when food
intake increases. Both reduction of food supply to
half its usual amount, and fasting, significantly
increase drinking and water turnover rate. Pigs,
therefore, consume more water when food is
restricted, a behaviour attributable to hunger.

Some pig husbandry systems require food to be
delivered at regular intervals at less than the ad libi-
tum intake. Such a feeding routine can cause the
water consumption of some pigs to increase by up
to five to six times its normal level. Polydipsia also
occurs as an aberration when pigs are kept in close
confinement.

Poultry

Pecking and swallowing is the main, minor inges-
tive behaviour of the fowl. Free-range poultry,
when they grasp a large food object in the bill, may
run with it while calling. Again on free range, the
domestic hen typically makes two or three back-
ward scratching movements with alternate feet
before stepping back one pace to peck at the area
of ground that has just been disturbed. Poultry
typically peck at their food with jerky head move-
ments directed like small hammer blows.
Sometimes, poultry will sweep their bills in hoppers
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of soft feed, displacing it from side to side. In the
typical food-pecking action, the bird’s eyes are
closed at the time of the strike; the pecked item,
such as grain, is then grasped between the
mandibles and the head is jerked upwards and
backwards as the food is swallowed.

Fowls usually eat most at the start or at the end
of the day. Laying birds tend to eat more at the end
of the day than non-layers, and non-layers more in
the morning. Reproductive state appears to be the
most important single factor causing variation in
feeding patterns. The type of feeding pattern shown
depends mainly on how much is stored in the crop
at the end of the day and how hungry birds are in
the morning. With non-laying birds, an increase in
feeding at the end of the day depends on an ability
to predict the onset of darkness, but with laying
birds it can also be a direct consequence of the
timing of oviposition or egg formation.

Poultry drink frequently each day, and some
studies have shown that fowl will visit a drinking
fountain in their pen 30–40 times per day. As birds
get older and, usually, crowding increases, fewer,
longer-volume drinks are taken.

Dogs

Dogs are largely carnivorous, but will also eat a
variety of foods of plant origin. Like humans, they
cannot digest cellulose, which forms the cell wall in
plants, but their gut structure and enzymes deal
with bones and indigestible fibre better than does
the human gut. Associated with adaptation for a
high-protein diet, dogs select meat and other foods
rich in protein. Their ability to find, chase and
catch active animal prey is well known. The hunt-
ing behaviour of wolves, the ancestor of the domes-
tic dog, involves individual searching for small prey
such as mice or pack hunting for large animals such
as deer. Much hunting is carried out at night and at
dawn and dusk. Cooperative hunts are often led by
an older female and there is frequently alternation
of leading driving chases.

Domestic dogs may be deprived of aspects of
chasing and other behaviour that their ancestors

would have carried out during hunting. Dogs need
to carry out the behaviours associated with feeding,
as well as the ingestion of nutrients. A balanced
diet is some-times obtained by eating small quanti-
ties of grass or other materials that are not parts of
the dog’s everyday diet.

Cats

Cats are almost entirely carnivorous so they cannot
thrive on a vegetarian diet. They hunt for active
prey, whether by moving through their environ-
ment and chasing what prey animals they
encounter or by lying in wait in an appropriate
place and pouncing on prey that arrive there. When
animal prey are ingested, bones and inedible fibre
are either processed by the digestive system or
ejected from the mouth.

As with dogs, hunting behaviour is a necessity
for the cat as well as the actual nutrients obtained
from the animal food. Cats may be inactive for
long periods after taking a large meal.
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9 Body Care

Care of the body, through skin hygiene, evacuation
and actions that regulate body temperature, are
important for survival. Indeed, the provision of
appropriate environmental conditions so that
animals can maintain themselves is very important
for good welfare. Acts of body care, such as
scratching, shaking and licking, are usually brief
but these acts are numerous and their total occur-
rences, per day, constitute a significant proportion
of total activity. As well as grooming and preening,
body care includes defaecation and urination, shel-
tering from wind, shading from sunshine, bathing
and wetting the body in heat.

Animals take care of their body surfaces in an
organized, deliberate way. Body care contributes to
the attainment of comfort and the avoidance of
discomfort. Animals usually seek and secure
comfort as a matter of high priority.

Cats spend long periods grooming themselves,
provided that they receive adequate food. Dogs
groom and scratch themselves frequently.
Members of both species select resting places and
respond to sensory information about their envi-
ronment in ways that facilitate body care.

Cattle may stand in the cool water of a pond or

stream in high temperatures, turn their faces away
from strong chill winds, or turn their backs into
driving snow. The entire herd often adopts a simi-
lar orientation in the course of thermoregulatory
tactics. Open, sunlit places are used freely and pref-
erentially by cattle in mild temperatures, e.g. about
23°C, but shade from direct sunlight is sought in
temperatures over 28°C by most European breeds
of cattle.

In high temperatures, pigs will bathe in water to
head height and wallow in mud, giving their bodies
muddy and moist surfaces suitable for heat loss
and protection from the sun. Sheep will shelter
under hillside ledges and alongside hedges when
cooled after shearing or heated with full fleeces on
hot days (see Fig. 9.1). Animals in cold conditions
will huddle to afford mutual shelter or to conserve
body heat. Shorn and unshorn sheep in early
summer will seek shade from direct sunshine and
shelter from wind according to fleece cover and
ambient temperatures (Alexander et al., 1979;
Johnson, 1987). Horses often generate herd
gallops in snow, thus raising body temperature.

Shelter from flies is often difficult for grazing
animals to achieve unless they can find an area
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Fig. 9.1. Thermoregulatory tactics in warm weather: (a) rams sheltering from sunshine; (b) pigs bathing and wallowing
(photographs courtesy of A.F. Fraser).
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receiving air currents, for example high ground.
Cattle respond to flies that irritate or bite by agitat-
ing the head and ears, shaking folds of neck skin,
other skin movements, tail-switching, kicking and
stamping. Hillerton et al. (1986) and Harris et al.
(1987) found that the frequency of ear flicks by
cows was proportional to the numbers of the fly
Musca autumnalis on the faeces of the cows and
that the numbers of kicks and stamps were propor-
tional to the numbers of the biting fly Stomoxys
calcitrans on the legs. If the cows had fenvalerate-
impregnated ear-tags, fly numbers were reduced
and fly-dislodging behaviour was reduced. Horses
show similar behaviour when troubled by flies,
often shaking manes and forelocks as an additional
means of dislodging flies and creating air turbu-
lance to deter settling. There may also be social
responses to a fly problem; cattle and horses may
gather closely together and with tail-switching they
can set up a fairly proficient fly screen for them-
selves. In the presence of very dense fly popula-
tions, cattle will be more likely to stand in close
groups with their heads together. Occasionally they
lie with their underparts – belly, brisket, neck and
throat – on the ground. This ‘grounding’ action
seals off many sensitive skin areas from exposure to
fly irritation. Such behavioural defences against
flies may be very important since flies may carry
disease. For example, the fly Hydrotaea irritans
carries the pathogens that cause summer mastitis in
cattle (Hillerton et al., 1983; Hillerton, 2004).

The rectum and bladder are normally emptied
when they become distended, and postures of
defaecation and micturition or urination are
adopted that limit soiling of the hind limbs and tail.
Grazing or penned animals avoid soiling the sites
that they have chosen for eating and sleeping, by
evacuating their urine and faeces at other selected
locations. The ruminating species do not generally
localize defaecation, but horses and pigs show very
clear forms of eliminative behaviour which mini-
mize the soiling of chosen eating and grazing sites
(Odberg and Francis-Smith, 1977; Petherick,
1983a). They avoid lying down where they have
eliminated, when afforded space to do so. Horses
often urinate at the edge of restricted grazing areas
and will return regularly to defaecate at a specific
site chosen for this until, in some cases, large faecal
piles are formed. The controlled eliminative behav-
iour of the pig is remarkable and is well organized,
even in very young pigs, in that they have clearly
demarcated dunging areas. These are normally

located in the coolest, dampest part of their pen. It
is only in very crowded or spatially restricted hous-
ing that pigs cannot form and use a dunging area.

The behaviour of grooming has certain charac-
teristics common to many species. Scratching the
head with a hind foot is one; licking certain accessi-
ble parts is another. There are few body areas that
are not scratched or groomed in this way by dogs,
cats, cattle, horses and pigs. Other grooming activ-
ities are peculiar to the species: cats use their
tongues for most of their fur-care behaviour;
horned cattle frequently rub their horns and horn
bases against accessible solid structures; rolling in
horses is a form of skin attention; chickens will
dust-bathe if sand or other suitable material is
available but will dust-bathe in dry food or feathers
if there is no alternative. When prevented from
dust-bathing, they will show the behaviour with a
lower latency and a higher frequency than if they
had not previously been thus prevented
(Vestergaard, 1980).

The eye, face, nose and nostrils of ungulate
animals receive hygienic attention by the animal
rubbing its face up and down the side of the appro-
priate foreleg, which may be held out in front of
the other to be more accessible. In nasal cleaning,
horses do not use their tongues to clean out their
nostrils as do cattle, but they snort to do so. Nasal
secretions in livestock can be considerable; in
severely cold weather these secretions can freeze
and become obvious on the muzzle. Abnormal
nasal discharge in all livestock may accumulate in
some illnesses. This is partly due to their excessive
production and partly due to the fact that body
care behaviour is suppressed in most illnesses, so
nasal cleaning may cease.

Organization of Body Care

Some of the tactics employed in general body care
are practised with remarkable precision with
regard to location, position, posture group density
and duration. The timing of grooming behaviour is
affected by various causal factors including
hormone levels; for example, prolactin induces
grooming. Comfort behaviour may be opiate-
related (Cools et al., 1974). Prolactin may stimu-
late dopaminergic turnover in some brain areas,
including the nigrostriatal system inducing groom-
ing (Drago et al., 1980).

In ill-health generally, the body care activities
become reduced or arrested. In many illnesses the
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coats of affected animals lose their normal clean
and orderly appearance. Such coats, lacking the
effects of friction from rubbing, moisturizing from
licking and removal of debris from scratching and
brisk shaking, become ‘staring’ or ‘harsh’ in
appearance. Sick animals, with reduced body care
motivation, may not discriminate in choice of rest-
ing place or time and place of evacuation. Since
they are probably also lying for longer periods than
usual, their coats may become heavily soiled,
particularly about the hindquarters. Similar deteri-
oration in coat condition is also the result of
prolonged stall-housing or enclosure with inade-
quate bedding, as these are circumstances which
prevent or impair the operation of body care
behaviour. For example, veal calves kept in crates
that do not allow turning round cannot groom
normally, often being unable to reach the
hindquarters at all and having difficulty in carrying
out other grooming movements. Since grooming
generally follows a pattern, starting at the head and
moving gradually to the hindquarters, if some
grooming movements are difficult or impossible the
result may be frustration and repetition of that part
of grooming that can occur. This leads to excessive
grooming that may be a stereotypy and may result
in hair ingestion and hair-ball formation in the gut
(Broom, 2004; Chapter 28).

Comfort-shifts occur periodically in resting
phases, including recumbency. Many of them are
minor positional changes such as partial rotation of
the trunk; most are small postural adjustments of
the limbs, and tail movements. Such comfort-shifts
will be familiar to those who have watched sleeping
dogs. Some dogs adjust their body position
frequently during sleep. Other movements during
sleep are identifiable as components of sniffing,
agonistic or other social interaction and have been
found to be associated with the rapid-eye-
movement (REM) sleep that is associated with
temporary loss of slow-wave, e.g. delta, sleep. Such
REM sleep is generally associated with dreaming in
humans who are awoken after showing it.
Grooming is occasionally shown during REM sleep
in dogs.

The frequency of comfort-shifts in domestic
animals is commonly several times per hour, but
this is reduced during some illnesses. Their absence
or reduction can lead to the development of
oedema, necrosis, ulceration or abscesses over
points of pressure, e.g. the tarsal joint. In other
instances the occurrence of comfort-shifts in behav-

iour increases significantly, and this is indicative of
a state of discomfort. Such discomfort may be asso-
ciated with pain, as in colic, or the first stage of
parturition, for example. Frequent comfort-shifts
can relate to less specific forms of discomfort asso-
ciated with poor quality of accommodation.
Comfort-shifts can become so frequent and intense
as to constitute a state of agitation in conditions of
extreme pain or discomfort.

Special and Species Features of 
Body Care

Grooming

Cattle and goats lick and thereby clean every part
of their bodies that they can reach (see Fig. 9.2). To
groom inaccessible parts they often rub parts of
their bodies against trees and fences and use their
tails to keep off flies and brush their skins. The
value of grooming is seen in that it helps to remove
mud, faeces, urine and parasites and thus greatly
reduces the risk of disease. It has been estimated
that calves groom themselves on 152 occasions and
scratch 28 times per day for a total time of almost
1 h daily.

Grooming behaviour includes auto-grooming
(self-grooming) or allogrooming (of others). Auto-
grooming can be contact between two parts of the
body, as in licking, scratching with a horn or foot,
rubbing one part on another, such as head on leg.
Alternatively it may be environment-based contact,
for example, when an animal rubs against a post, a
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Fig. 9.2. Self-grooming activity in Golden Guernsey
goat. Most parts of the body surface can be reached by
these acts. Inaccessible areas are groomed by friction
against objects (photograph courtesy of D.M. Broom).



tree, a stone, a wall, a fence or a cooperating associ-
ation animal. Allogrooming includes mutual licking,
nipping with the teeth, massaging, nose-rubbing and
body-rubbing. When dogs groom one another the
groomer is often, but not always, subordinate to the
individual being groomed. Allogrooming in cats is
usually between preferred associates, one cat may
solicit grooming from another (Wolfe, 2001) and it
may occur when feral cats reunite after hunting
(Barry and Crowell-Davis, 1999). Dogs are able to
groom themselves using the mouth and all four paws
to reach all parts of the body but also rub their body
on objects (Manteca, 2002). Cattle in stable, long-
lasting groups often form grooming partnerships.

Horses show self-grooming, mutual grooming
and ‘environment-based’ grooming when they rub
and roll their bodies on the ground (Fraser, 2003).
When the horse is about to roll it sets itself down,
with some care, on a selected spot of ground. It rolls
on to its side and rubs its body on to the ground
surface. The rubbing lasts a few moments and the
horse rotates towards sternal recumbency, from
which position it rolls once more on to its side to
rub again. This process is usually repeated and in
some of these rolls the horse rotates on to its back,
holding this position long enough to twist its back
once or twice, working the skin of the whole of its
back on to the ground. From this position the horse
usually rolls back to the starting position, but occa-
sionally the entire rolling episode may terminate
with the horse rolling from the supine position on
to its other side, thereby going through 180 degrees
of rotation. At the conclusion of rolling, the horse
stands and carries out very vigorous shaking of the
whole body. Each shake begins at the anterior end
and passes down the body to the hind limbs. During
this shaking the animal’s entire hide ripples and
dislodges debris, including dust picked up in rolling.

This skin-rippling effect is revealed by slow-
motion replay. Another form of equine grooming is
nipping of accessible body areas with sharp, repeti-
tive biting actions. Mutual grooming between
horses in pairs is common. The horses face towards
each other and nip areas of the other’s back not
accessible to themselves, usually behind the with-
ers. This behaviour can be sustained for many
minutes. Horses groom their crests by rubbing
them to and fro beneath a manger, tree branch, etc.
Manes can become damaged in this way under
some circumstances.

Yet another form of equine grooming is scrubbing
of the buttocks. A swaying action of the rump is used

against a convenient structure such as a post, tree,
building, gate or fence that may become adopted and
be broken down by continual use. While this behav-
iour can be a sign of parasitism in the horse, it is also
normal grooming with no clinical relevance.

Preening and dust-bathing are forms of body care
in poultry. In preening, the bird cleans its plumage
with its beak, using brisk and repeated head actions
as feather vanes are combed and separated. Ducks
oil their feathers by such action, which has a water-
proofing effect because, first, the feather with fully
knitted barbules does not allow water through and,
secondly, the oil from the preen gland further
prevents wetting of the feather surfaces. A duck 
that is unable to carry out preening and oiling
behaviour can become wet and hence cold in cooler
conditions. Ducks need water on the head and body
for proper preening to occur. If water is supplied
from a nipple drinker only, proper preening does
not occur. For many water birds, it seems that enter-
ing water to swim is needed for fully effective
preening and oiling. If preening is inadequate, the
ducks are at greater risk of being cold and wet and
of succumbing to disease.

Through dust-bathing, the bird is able to improve
the condition of plumage inaccessible to the beak by
friction against a suitable substratum. On a loose
substratum the bird can excavate a shallow depres-
sion wide enough to contain its body. Within this
the bird can use vigorous body movement and work
the loose material into its feather cover, even scoop-
ing such material over itself while lying on its side.
After such dust-bathing activity, the bird will stand
erect and forcefully shake out free debris from the
general plumage to complete this body care.
Deprivation of dust-bathing, for example in birds
on a wire mesh floor with little or no particulate
matter available, leads to frustration behaviour and
plumage damage. Hens on wire-mesh floors may
attempt the early parts of the dust-bathing behav-
iour sequence, even when the only particles present
are pieces of food or feathers. Vestergaard (1993)
saw hens remove feathers from other birds and use
them in the typical first movements of dust-bathing,
so inability to dust-bathe could sometimes lead to
increased likelihood of feather-pecking.

Thermoregulatory behaviour

This form of body care is employed when the envi-
ronmental temperature, wind speed or precipita-
tion presents the animal with a challenge to its
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comfort. Dogs that are, or are likely to be, hot or
cold beyond the tolerable level will endeavour to
find a cooler or warmer place in which to position
themselves. When too cold they increase the
volume of insulating air trapped in their pelage by
erecting their hair. When too hot, since they cannot
cool themselves by sweating, they pant vigorously.
Panting initially involves drawing in air over the
convoluted membranes around the turbinate bones
in the nose so as to cool them by conduction and
evaporation and then expelling the warmed air
rapidly from the mouth. Dogs, cats, ruminants and
birds pant (Sjaastad et al., 2003). Cooling also
occurs in the moist surfaces of the lungs. The
cooled areas are generally well supplied with
blood, so the circulating blood is cooled. When
more overheated, air is taken in through the mouth
as well as through the nose, in order to increase the
flow rate.

Cats also select appropriate conditions to facili-
tate thermoregulation and pant when overheated.
They may also anoint themselves with saliva,
which cools adjacent surfaces by evaporation.
Cattle often stand broadside to the sun’s rays on a
cool day. They are more likely to seek the shade of
trees, avoiding direct solar radiation on a hot day
(Gonyou et al., 1979). Poultry seek shade from hot,
direct solar radiation and may crowd dangerously
in such flocking if the shade area is restricted.
Poultry take up roosting positions with their wings
held out from the body when heated. In experimen-
tal and farm situations, farm animals can learn to
operate switches that switch heaters on or off and
hence control their environmental temperature
(Baldwin, 1972; Curtis, 1983).

The temperature at which animals must
produce heat within the body in order that the
cooling effect of the environment is slowed down
or stopped is called the lower critical temperature.
This temperature is generally lower in large
animals than in small, lower in animals that are
metabolizing rapidly – because of production
demands or other impacts on their physiological
state – and lower in well-insulated animals
(Sjaastad et al., 2003; Table 9.1). The temperature
at the upper limit of the thermoneutral zone is the
upper critical temperature.

Sheltering behaviour and orientation to cold
wind, rain or snow are shown in specific ways by
domestic animal species. Sheep shelter below ledges
in the terrains of highlands and moorlands in high
wind or driving snow. Cattle turn their backs into

driving rain or snow, closing their inguinal region
by adducting their hind limbs closely below them.
Horses also turn their hindquarters towards strong
winds. Outwintering livestock make strategic use
of tree clumps, woods, walls, buildings, etc. afford-
ing leeward protection from chilling winds. In
circumstances of communal sheltering, the individ-
ual space normally maintained by the group
members, as a fairly constant feature of their social
organization, is usually surrendered. This facili-
tates huddling, a behavioural arrangement which,
in itself, is a proficient thermoregulatory tactic. It is
important to the animal and of high priority in
times of critical metabolic conservation.

Heat stroke, the development of a body tempera-
ture at which vital bodily functions are endangered,
should be distinguished from heat exhaustion. The
former is due to a breakdown in heat-regulating
mechanisms, whereas the latter is not the result of
failure of heat regulation but rather of the inability
to meet the price of heat regulation. Heat exhaus-
tion is a state of collapse due to hypotension
brought on by depletion of plasma volume follow-
ing sweating and by extreme dilation of skin blood
vessels, i.e. by decreases in both cardiac output and
peripheral resistance.

The reactions of cattle to the threat of overheat-
ing depend on whether they are Bos indicus
humped cattle, such as Brahman, or Bos taurus
cattle, such as Aberdeen Angus. Though the
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Table 9.1. Lower critical temperatures in selected
mammals.

Lower critical 
Species temperature (°C)

Lamb (newborn, wet) 38.0
Piglet (newborn) 27.0
Lamb (newborn, dry) 25.0
Sheep (10 mm-thick wool) 22.0
Piglet (25 kg) 20.0
Dog (short-haired) 15.0
Pig (100 kg) 15.0
Calf 9.0
Dairy cow (maintenance condition) 0
Sheep (50 mm-thick wool) –5
Beef cattle (growing) –7
Dog (Husky) –10
Sheep (70 mm-thick wool) –18
Dairy cow (30 l milk/day) –30
Arctic fox –40
Reindeer (winter condition) –40



behaviour of both Aberdeen Angus and Brahman
cattle in cloudy, overcast conditions is much the
same, differences become apparent when the two
breeds are in conditions of direct solar radiation
with little or no air movement. Aberdeen Angus
seek out shade and consequently spend less time
grazing than do Brahman cattle. On the other
hand, adaptive behaviour of the Aberdeen Angus is
much less marked if there is good air movement,
regardless of the change in temperature. Cattle
living in tropical rainforest and equatorial areas of
the world show a greater need for shade than those
living in sparse or semi-arid areas where rainfall is
low and shade limited. It has been found that
Dwarf Shorthorn cattle in Nigeria may spend as
long as 4–5 h resting in the shade during the day
and to compensate for as long as 3–5 h by grazing
during the night. In this way, their behaviour may
be nearer that of the temperate Aberdeen Angus,
Hereford and Holstein than that of the Brahman.

The ability of newborn piglets to adapt to their
environmental temperature is very limited, as they
are prone to lose body heat rapidly (Sjaastad et al.,
2003). They can increase body heat production
two- to fourfold by shivering, but this uses up
energy. The behavioural mechanism for dealing
with this problem is huddling. From the time of
birth, young piglets display huddling behaviour as
an organized attitude for most of the day (Signoret
et al., 1975). During huddling they lie parallel to
each other, often with head and tail ends alternat-
ing to some degree along the row. Whilst lying
closely together side by side, they usually have their
limbs tucked underneath them. When a group is
large, some of the piglets in the middle may overlie
others. Interruptions in huddling result from occa-
sional ‘comfort-shifts’ in individuals. The result of
this huddling behaviour is that the quantity of heat
lost by the piglets is much less than would other-
wise occur.

Although huddling behaviour is characteristi-
cally shown in the litter early in life, it is neverthe-
less a behavioural pattern that is retained by the pig
into adult life as a means of conserving body heat
and deriving tactile comfort. Older pigs have a
thick layer of subcutaneous fat and also, partly as a
consequence of that feature, an absence of loose
skin. Sweat glands are very few and their distribu-
tion is almost entirely confined to the snout. These
factors tend to cause a progressive accumulation of
body heat in warm surroundings. The relatively
poor body cover of hair makes the animal

particularly vulnerable to the effects of direct solar
radiation.

Pigs with limited experience of direct sunshine
are highly prone to heatstroke when suddenly
exposed to it. In heatstroke the animal is hyperther-
mic, prostrate and breathing at its maximum rate
while its associated circulatory responses fail
increasingly to cope with the physiological emer-
gency. The duration of unrelieved heat stroke may
be only 1–2 h before terminating in death. The
circumstances associated with heat stroke are
predictable and are those that expose the animal
and force it into physical exercise in a high ambient
temperature. Clinical cases are therefore most
commonly found in association with transport,
inadequately shaded pens and with the effort of
farrowing, mating or being driven on foot.

The pig’s heat-regulating systems, apart from
respiratory responses, operate through cooling
behaviour such as wallowing, moisture and shade-
seeking (see Fig. 9.3). Wallowing in water is highly
effective in alleviating hyperthermia. A pig wallow-
ing in mud quickly acquires a thick coating of mud
over its lateral and ventral surfaces and its limbs.
After the pig has left the wallow this coating
adheres and dries out to form, over much of the
animal’s body, a protective insulation against the
sun’s rays. By absorbing heat from the pig, this
superficial layer of caked mud can also assist in
relieving hyperthermia. These factors permit pigs
such as breeding sows to graze and forage actively
in an environment that otherwise could not be
economically utilized for extensive pig husbandry.

Among free-ranging sheep, sheltered areas are
constantly being identified and confirmed as a
result of exploration. Unshorn and recently shorn
sheep choose different resting locations. During
calm weather, in daylight, sheep largely remain as
one flock but in windy weather, and at night, most
shorn sheep congregate in a shelter while unshorn
sheep remain away from shelter (Alexander et al.,
1979).

The inclusion of recently shorn sheep in a flock
of unshorn animals does not lead to an increase in
the proportion of unshorn sheep likely to lamb in
shelter. Unshorn sheep in the presence of shorn
sheep appear to avoid sheltered areas, and the
colder or higher areas of grazing are preferred spots
for them (Mottershead et al., 1982).

In hot, sunny conditions, sheep will often use the
shade of a tree or other shelter. Sherwin and
Johnson (1987) recorded a significant positive
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correlation between the proportion of the day
spent shading and the daily maximum air tempera-
ture. Such behaviour is an important means of
regulating body temperature, since for newly shorn
animals the heat load due to solar radiation can be
similar in magnitude to the metabolic heat produc-
tion of the animal (Stafford-Smith et al., 1985).
There is much individual variation in the strategies
used by sheep being heated by direct sunlight;
however, Johnson (1987) found that whilst some
sheep in a group he studied spent much time in
shade during the hotter part of the day, others
stayed in the sun and allowed their body tempera-
tures to rise, but had lower respiratory rates and
consumed no more oxygen than those staying in
the shade.

Defaecation

With few exceptions, such as rabbits, animals
avoid the ingestion of their excrement and avoid
grazing where there is faecal contamination.
Horses and pigs feed in a different area from that in
which they defaecate, and cattle refrain from graz-
ing close to dung pats. Where slurry from a
cowshed was spread on a field and left for 7 weeks,
cows preferentially ate clean herbage if it was avail-
able but grazed the tops of the herbage over the
slurry if there was no alternative (Broom et al.,
1975.)

Cats

In the wild and when kept as pets, cats will bury
urine and faeces, and Beaver (2003) suggests that
this behaviour serves the function of reducing the
odour and limiting the risk of disease and parasite
spread. They also bury faeces in litter trays if they
have been trained to do so. If domestic cats accus-
tomed to defaecating outside their owners’ house
are unable to go outside, they may not immediately
recognize a litter tray as a suitable site for defaeca-
tion. In multi-cat households, cats are more likely
to use litter trays if there are separate trays for each
cat, and preferably an extra tray also (Hetts and
Estep, 1994), especially if there are social tensions
between the cats (Overall, 1997). House-soiling
problems can also result from changes in litter type
(Crowell-Davis, 2001; Beaver, 2003), insufficiently
frequent emptying and leaving of the litter tray
(Landsberg et al., 2003b), or disease in the cats
(Horwitz, 2002).

Dogs

Dogs need to urinate and defaecate for the elimina-
tion of unwanted waste, but also use these actions
as a means of marking. Urination behaviour is
sexually dimorphic, with males usually lifting the
hind leg laterally and females usually squatting.
Manteca (2002) reports that, in addition to any
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abnormalities of urination posture caused by
pathology, 3% of male dogs and 2% of female
dogs use the normal posture of the other sex when
urinating. The defaecation posture is similar in the
two sexes.

Horses

While horses are defaecating or urinating they
usually cease other body activities. Stallions show
careful and deliberate selection of the spot where
defaecation is to occur. Following defaecation and
urination, a stallion usually turns and sniffs the
spot where this has taken place. After defaecation,
in the case of both the stallion and the mare, the
muscles of the perineum contract and the tail is
lashed downwards several times.

While urinating, the stallion and the gelding
adopt a characteristic stance, the hind legs being
abducted and extended so that the back becomes
hollowed. The mare, when urinating, does not
show the same marked straddling posture as is
shown by the stallion; nevertheless, the posture is
similar in that the hind legs are abducted from each
other. Following urination by the mare, the vulvar
muscles contract. More elaborate patterns of urina-
tion are shown by mares in oestrus.

As already mentioned, horses typically show
care in selecting areas for defaecation (Fraser,
2003). They return again and again to the same
patch, and these patches can accumulate large
quantities of faeces during a grazing season. Adult
animals defaecate six to 12 times per day, depend-
ing on the nature of the feed eaten. Normally,
urination occurs less often during the day and
horses have been noted to urinate as few as three
times per day. Urine is passed commonly when the
animal is freshly bedded and during rest periods in
the hours of darkness.

Bovines

Although the eliminative behaviour of cattle seems
not to be directed at a certain area, large amounts
of faeces are often placed closely together. At night
and during harsh weather cattle tend to bunch, and
this appears to be the main reason for the close
deposition of faeces. The animals pay little atten-
tion to their faeces, often walking and lying
amongst excreta but avoid grazing close to faeces.

There is evidence that, in some dairy cows,
allelomimetic behaviour occurs: when one alarmed
animal defaecates or urinates, others may
commence to do likewise.

The normal defaecation stance for both male
and female animals is one in which the tail is
extended away from the posterior region, the back
arched and the hind legs placed forward and apart.
The posture assumed is such that there is the least
likelihood of pelage contamination. Calves appear
to take more care than adults to expel the faeces
well away from the body. Unlike the female, the
male bovine animal is able to walk while urinating
and displays only a slight parting of the legs while
doing so. The posture assumed by the female while
urinating is very much the same as employed while
defaecating, and the urine is expelled more force-
fully by the female than the male.

During the 24 h daily cycle, cattle normally
urinate about nine times and defaecate 12–18
times. The number of eliminative behaviours and
the volume that is expelled, however, vary with the
nature and quantity of food ingested, the ambient
temperature and the individual animal itself. High
consumers such as Holstein cattle may expel 40 kg
of faeces in the 24 h cycle, while lower consumers
such as Jerseys are found to defaecate much smaller
amounts under the same husbandry conditions.

Pigs

Evacuation in piglets occurs on the day of birth,
using postures characteristic of older animals. As
the piglets’ neuromuscular coordination improves
so they are able to hold these postures without
falling over, trembling or sitting down. The posture
for defaecation is the same for males and females:
the animal squats, curls its tail up over its back,
flattens its ears and half-closes or fully closes its
eyes; this same posture is used by females when
urinating. Males stand with the front legs slightly
advanced, causing the back to depress; they urinate
in a series of squirts unlike the female, which ejects
a continuous stream. The characteristics of ear flat-
tening and eye closure are less pronounced when
urination is occurring. Piglets take some time to
develop normal dunging behavour. Elimination
does not take place at random in the pen, for
specific sites are chosen by pigs for defaecation and
urination (Whatson, 1978; Amon et al., 2001).
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In spite of a reputation to the contrary, pigs are
extremely clean in their habits if the system of
husbandry imposed upon them gives them the
opportunity to express their normal defaecatory
behaviour. Pig premises that are appropriately
designed to create dunging areas are usually prop-
erly used by pigs. Even in the most limited quarters,
pigs reserve an area for sleeping accommodation
and an area for defaecation. This sleeping area is
kept as clean and dry as possible. Under conditions
of crowding, it is sometimes difficult for groups of
pigs to maintain organized eliminative behaviour
as, for example, when growing pigs are allocated
less than 1 m2 of floor area each.

When penned pigs are exposed to high ambient
temperatures and their normal behavioural meth-
ods of controlling hyperthermia cannot operate, it
is commonly found that they defaecate close to
water. In farrowing pens, the piglets usually defae-
cate near to a wall and particularly in the pen
corners (Petherick, 1982). They avoid defaecating
in the area used for resting. Fattening pigs also tend
to defaecate near to a pen wall and orientate

parallel to, or with their hindquarters towards, the
wall. The size of the dunging area is increased at
higher temperatures (Aarnink et al., 2001).
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10 Locomotion and Space Occupied

Introduction

The essence of behaviour is bodily movement.
Action patterns, locomotion, displays and other
movements give the animal many of its qualities.
All the functional systems such as body tempera-
ture regulation, feeding and reproduction incorpo-
rate movements. Descriptions of bodily motility
refer to the bases of physiological activities such as
breathing, anatomically localised actions such as
blinking, specific goal-related acts such as drinking
and gross activity of the whole animal such as
locomotion, positional alteration or stretching.

The original ecological niche of each species
demanded different behavioural strategies and,
consequently, species differ in the amount and type
of movement required to maximize effective use of
their natural habitat. Animals move to sustain life
such as in the search for food and the avoidance of
danger. As in much of this book, the fact that fish
are considered amongst the domestic animals is not
taken into account in much of the text. Fish loco-
motion is swimming and is just as important as
locomotion in land animals.

The topics discussed in the rest of this chapter
are postures and movements at rest, gaits during
locomotion, distances travelled and the need for
exercise. It seems that freedom to move is a pleas-
ure for animals. Observing calves in spring turned
out to grass or racehorses anticipating their morn-
ing gallop gives the impression that freedom to run
is a pleasure in itself to the animal. Most mammals
can also swim (see Figs 10.1 and 10.2).

Postures and Movements at Rest

Postural adjustments are needed during rest,
grooming, feeding and display and there is a mini-
mum amount of space that is needed in order that
such adjustments are possible. Stretching enables an
animal to keep its joints and muscles in a state such
that they can be used effectively when required.

Stretching is often performed after a period of rest
or after a period when the limbs are folded.

Most stretching occurs in a series of actions as
follows: flexion at the throat, arching of the neck,
straightening of the back, elevation and movement
of the tail and full extension of one and then the
other hind limb (Fraser, 1989). Extension of the
forelimbs or wings, singly or together, is a related
exercise (see Fig. 10.3). Animals that are prevented
from stretching, and subsequently provided with
an opportunity to do so, will spend a much longer
than normal period showing the behaviour, i.e. a
rebound behaviour. For example, hens confined in
a battery cage so that they cannot stretch their
wings will spend longer stretching their wings after
a long period of confinement than after a short
period (Nicol, 1987b). Similarly, calves that have
been closely confined show more vigorous activity
when given space than calves reared with more
space to move around (Friend and Dellmeier,
1988). Horses can rest for long periods in the
standing position because they have a ‘stay appara-
tus’, a system of muscles and ligaments that
temporarily locks the main joints into position
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Fig. 10.1. This Retriever dog is swimming competently;
the expanded fore-paw can be seen (photograph
courtesy of D. Critch).



without expanding much energy (Fraser, 1992;
Pilliner and Davies, 2004).

Other important movements not involving loco-
motion are those involved in standing up and lying
down. Characteristic sequences of movements are
involved (see Fig. 10.4), and the animal needs a
certain amount of space for these. Petherick (1983a)
calculated how much room a pig needs for lying on
its sternum and for lying with the legs stretched out.

This space is shown for a range of body
weights in Fig. 10.5. Baxter and Schwaller (1983)
filmed the movement of pigs when standing up
and lying down (see Figs 10.6 and 10.7) and were
able to calculate the minimum space require-
ments of pigs from this. A calculation of the
space requirements of pigs in order to stand, lie
and show normal interactive behaviour was made
by EFSA (2006).
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Fig. 10.2. A horse crossing a 2 km sea channel by swimming (photograph courtesy of A.F. Fraser).

Fig. 10.3. (a) Roosting poultry; (b) rooster wing-stretching (photograph courtesy of A.F. Fraser).

(a) (b)



Locomotion and Gaits

In locomotion the limbs act synchronously in any
one of a variety of patterns, each of which is
termed a gait. Two forms of gait pattern exist,
symmetrical and asymmetrical. In symmetrical
gaits the movements of limbs on one side repeat
those of the other side, but half a stride later. In
asymmetrical gaits the limbs from one side do not
repeat those of the other. Symmetrical gaits include
the walk, the pace and the trot. Asymmetrical gaits
include the various forms of the canter and gallop,
including the lope and the rotary gallop.

The full cycle of leg movement during the phases
of support, propulsion and movement of the body
through the air is termed a stride. A stride is a full
cycle of movement of a limb, while stride length is
the distance covered between successive imprints of
the same foot. The sound produced when a foot

strikes the ground is the beat. If each foot strikes
the ground separately, the gait will be a four-beat
gait. If diagonal pairs are placed down simultane-
ously, as in the trot, the gait is two-beat since only
two beats will be heard for each stride. The canter
is a three-beat gait. A lead leg is the leg that leaves
the ground last during the canter or gallop. The
gallop, of course, resembles the canter, but since it
has more propulsion it has an extra ‘floating phase’
at the end of each stride.

Within each stride each limb for a time acts in a
support phase and in a non-supportive or swing
phase. In the walk the support phase is longer in
duration than the swing phase and determines the
stability of this gait. As the walk speed is increased
the duration of the support phase decreases while
that of the swing phase increases.

The walk, the trot and the canter are the forms
of quadruped motion involved in locomotor behav-
iour. These have been described in definitive terms
for the horse by Waring (1983) and Barry (2001).
The animal changes from walking to trotting at a
speed below which walking requires less energy
than trotting and above which trotting requires less
energy than walking. The same principle is true for
changes between the other gaits, and thus the natu-
ral gait at any speed incurs the least expenditure of
energy. Within each gait there is a speed at which
energy expenditure is minimal (Fraser, 1992; Back
and Clayton, 2001).

Walk

The walk is defined as a slow, regular symmetrical
gait in which the left legs perform the same move-
ments as the right, but half a stride later and in which
either two, three or sometimes four legs support the
animal at any one time. The support role is more
important in the forelegs, which are nearer the centre
of gravity, and the propulsive role is more important
in the hind limbs. Approximately 60% of the static
weight is supported by the forelegs. The sequence of
leg movement in quadrupedal walking is: left front
(LF), right hind (RH), right front (RF), left hind (LH),
which always results in a triangle of support that
includes the centre of gravity. Animal statues and
models often show impossible leg positions.

Trot

The trot is a symmetrical gait of medium speed 
in which the animal is supported by alternating
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Fig. 10.4. The typical sequence of movements
occurring when a cow stands up (A) and lies down (B).
In A, a recumbent cow stands up by lifting its body on
hind limbs first; in B, a cow investigates the ground first
and then lets its weight fall on to its flexed forelimbs.
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Fig. 10.6. Stages of movement in lying down by sows
(from Baxter and Schwaller, 1983).

Fig. 10.7. Stages of movement in standing up by sows
(from Baxter and Schwaller, 1983).
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diagonal pairs of limbs, so the sequence is LF and
RH, then RF and LH. The forelimbs are free of the
ground longer than the hind limbs to allow the front
feet to clear the ground in advance of the placement
of the hind feet, on the same side. If there is a period
of suspension between the support phases, the gait is
referred to as a flying trot. A slow, easy, relaxed trot
is called a jog or dogtrot. Sometimes, the term
dogtrot is used to mean that the animal travels in a
straight line with the hindquarters shifted to the left
or right. The trot is occasionally also classified as
ordinary trot, extended trot and collected trot.
Standardbred horses use the extended trot in racing
when the limbs reach out to increase stride length
and speed. The hackney uses the collected trot,
which is characterized by flexion and high carriage
of the knees and hocks, a gait suited for snow or
marshland running.

Canter and gallop

The canter is essentially a slow gallop. It is a three-
beat gait with one diagonal pair of limbs hitting the
ground simultaneously. The hoof falls are typically
as follows: (i) one hind foot; (ii) the other hind foot
and the forefoot diagonal to it simultaneously; and
(iii) the remaining forefoot. Hence, the sequence
written in comparable form to those above is: LF
and RH, RF, LH. The canter is a gait in which the
horse can use its neck muscles to advantage by the
accentuated upward swing of the head, which helps
to raise the forequarters and to advance the leading
forelimb. As the horse tires in the canter it will bob
its head more to utilize this minor auxiliary system.

The gallop is an asymmetrical gait of high speed
in which the animal, during parts of the stride, is
supported by one or more limbs or is clear of the
ground. If the limbs are placed down in a circular
order with two close together in time, then a gap,
then the other two, e.g. RF LF, LH RH, the gait is
referred to as a rotary gallop. If the hind limb leads
through to a forelimb of the opposite side, e.g. RF
LF, RH LH, the gait is termed a transverse or diago-
nal gallop. Horses seem to prefer the transverse
gallop whilst dogs use the rotary gallop. In the trans-
verse gallop the placement of the limbs, and there-
fore the support pattern, is transferred from the
initiating hind limb diagonally to the forelimb of the
opposite side. As in the rotary gallop, two forms of
this gallop exist, dependent on the order of footfalls,
e.g. LH RH, LF RF (a right lead transverse gallop) or
RH LH, RF LF (a left lead transverse gallop).

The jump

Horses have large, bulky bodies and relatively rigid
spines so they are not well adapted for jumping
(Pilliner and Davies, 2004). Horses avoid jumping
over ditches and obstacles only 60 cm high unless
they have been encouraged to do so or have had
experience in doing so. However, horses are capa-
ble of jumps that are impressive in longitudinal
distance and height. As they prepare to jump, all
horses strut with the forelimbs, thereby changing
the momentum of forward movement into vertical
impulse. In horizontal locomotion, the hind limbs
hit the ground separately so as to maintain the
rhythm and fluidity of stride. In jumping, however,
these limbs hit the ground at a similar distance
from the jump (approximately 2.00 m) and are
spatially separated by only 0.09 m. This action of
the hind limbs allows a more symmetrical and
balanced upward propulsion. This synchronous
and symmetrical action of the hind limbs at take-
off allows these limbs to coordinate their move-
ment in the air phase when the hind limbs are
raised in unison following take-off (Leach and
Ormrod, 1984).

In the approach to a jump, if the forelimbs
landed in a synchronous manner while the horse
was moving at this speed, it is likely that a smooth
transition from horizontal to vertical movement
would not be possible. Disruptive changes would
result in reduced overall speed and efficiency of the
jump performance. The lightened weight of the
forelimbs, and the recoil resulting from the elastic
storage of energy in these limbs from strutting,
probably help the forelimbs to clear the jump.

Distance travelled

Animal routes are often seen, most clearly from the
air, as pathways criss-crossing grazing ranges. They
are even found in most paddocks. Animal walks
occur frequently, even regularly, in normal domes-
tic conditions.

Daily distances that grazing herbivores travel are
largely affected by the location of food and water.
In paddocks where water is close to good-quality
food, the distance walked by animals is small and
occurs mainly as movement while grazing, but if
water is some distance from food then walking to
and from water contributes a greater part of daily
distance travelled. The location of water and the
quality of forage have a significantly greater influ-
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ence on the distance travelled by cows than forage
quantity, stage of lactation of the cow, body condi-
tion of the cow or time of year. Horses at range, for
example, may travel up to 65–80 km daily to
water. Sheep will also travel great distances regu-
larly to water where vegetation and water are both
scarce. In normal conditions, sheep travelled 9–14
km/day in range conditions (Squires et al., 1972).
Daily distances travelled by cattle range from 0.9
km on a 0.1 ha paddock to 24 km under drought
conditions on rangeland.

The Need for Exercise

Domestic animals have an apparent need for move-
ment and try to exercise frequently (Fraser, 1982b).
Maintaining a minimum level of activity keeps
animals physically prepared for any necessary
movement. The high incidence of lameness in
intensively kept farm animals may be a result of the
lack of exercise preventing proper activation of
limb joints, muscles and pedal tissues. The produc-
tive farm animals require daily opportunities for
exercise. Horses certainly need exercise on a daily
basis. If horses do not have exercise with the conse-
quent focus on bone, tendon, ligament and muscle,
they can develop in maladaptive ways if young, or
lose normal function if older. Too much exercise
can also cause problems (Goodship and Birch,
2001). It is now clear that excessive restrictions
result in anomalous behaviour. The occurrence of
and importance of exercise movement in utero is
apparent in the studies on fetal behaviour.

Movement as a form of exercise is detectable in
the mammalian fetus and in the chick embryo. Each
normal fetus makes many thousands of movements
during gestation, these movements having been
likened to isometric exercises that promote good
development of muscles and joints, and which
prepare the fetus for post-natal life. Husbandry
constraints, which inhibit locomotor activity,
impose two main deficiencies of perception; reduced
stimulus input and diminished sensory receipt of
body movement feedback. The various sense organs
in the animal’s moving parts, such as tendons, joints
and muscles, respond to mechanical action, move-
ment, position, touch and pressure and constitute a
major part of the sensory input of animals.

Episodes of wing-flapping in the red jungle fowl
and the domestic chicken demonstrate that the
frequency of wing-flapping in the chicken has not
been altered by domestication. Vigorous wing-

flapping still occurs in heavy, flightless strains of
chickens. Evidently, neuro-behavioural processes
can be stable throughout domestication even
though the motor performances of motion can
become diminished or eliminated.

If humans fail to take enough exercise during
several weeks or months because they are in zero
gravity in a spaceship, or because they are elderly
and have too little energy or confidence to exercise,
the consequence is osteopaenia, reduction in bone
mass. Lack of exercise in laying hens that are
confined in a cage, where they cannot flap their
wings and can take no more than a few steps,
results in weaker leg bones and wing bones that
have only 52% of the strength of the bones of hens
that can flap their wings (Knowles and Broom,
1990). The bones of these hens are more likely to be
broken when the hens are handled (Knowles et al.,
1993). Similarly, sows that are confined in stalls and
have very few opportunities to exercise have bones
30% weaker than those of sows that live in more
space in group-housing (Marchant and Broom,
1996). Sows do not often break their bones, but are
more vulnerable to bone breaking if their bones are
weaker. Hens or sows that have weak bones are less
well able to cope with their environment, so their
welfare is poorer than that of animals with normal
bone strength. The welfare of those hens or other
animals whose bones are broken is substantially
poorer than that of animals with intact bones.

In many species, certain kinds of exercise are
necessary for the efficient development of movements
that promote survival. For example (see Fig. 10.8), a
cat that has the opportunity to climb will have better
muscle development for both prey-catching and
movements that help in predator avoidance.
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Fig. 10.8. Cat showing tree-climbing behaviour
(photograph courtesy of D. Critch).
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11 Exploration

Introduction

All domestic animals are strongly motivated to
explore and investigate when they encounter a new
environment. Only when the environment has
become very familiar to them does the exploratory
behaviour subside, but it reappears in an animal’s
behaviour after any change in its environment.
Hence animals appear to maintain a potential for
generating activities that focus the senses upon
additions, changes, salient features and novelties in
its close environment. Habituation to familiar
stimuli occurs, although familiar areas may be
revisited, presumably to check for changes.
Exploratory behaviour equips the animal with a
system of behavioural adjustability that can be
brought readily into operation (Syme and Syme,
1979).

On some occasions, the animal is in a novel situ-
ation and this causes some degree of fear, so explo-
ration may be motivated in part by this fear. Inglis
(2000) explains the general importance of uncer-
tainty reduction when the individual responds to
feeling fear, perhaps by exploration behaviour.
Because novelty or unfamiliarity can result in both
fear and exploration, Hogan (2005) proposes that
fear and exploration are a unitary system involving
approach at low levels, withdrawal at moderate
levels and immobility at high levels. This may be
true for the example Hogan describes in which a
young domestic chick is confronted by a novel
mealworm, but the exploratory system is wider
than this and is not always associated with fear, as
explained below. In a study by Håkansson et al.
(2007), two genetic strains of jungle-fowl reared in
the same conditions differed in fear behaviour but
not in exploratory behaviour.

Exploratory System

The exploratory system in behaviour is evident
through many animal activities. This system can be

outlined most simply as causal factors and conse-
quent activities as follows:

● Need within the animal for perception of
environmental characteristics.

● The activation of the exploratory behaviour.
● The receipt of sensory feedback from the

environment and hence information that can be
used.

● Reduction in the causal factor level as a result of
sensory input.

● The return of the cycle to a basal level of
readiness with the lodgement of the information
in the memory.

Hence, exploration is any activity that has the
potential for the individual to acquire new infor-
mation about its environment or itself (see Fig.
11.1).

The role of investigative behaviour in the facili-
tation of learning is considerable (Toates, 1982,
2002). When a new stimulus is perceived, a state of
heightened awareness is induced, more informa-
tion is gathered and an addition to the animal’s
experience occurs. Some activities involve environ-
mental testing and investigations, e.g. sniffing or
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Fig. 11.1. Cat introduced to house exploring the
refrigerator (photograph courtesy of D. Critch).



touching landmarks such as trees, bushes and turf;
scraping earth and snow; rooting into soil and
bedding; head-pressing on fences or upright struc-
tures; licking hard surfaces; and looking from
vantage points.

The functions of exploratory behaviour

Each of the functional systems of animals requires
that some exploration and investigation occur
before it can operate effectively. The efficient
exploitation of food sources must be preceded by
location of these and estimation of efficient routes
to use when acquiring food. Water sources and
places where water loss is minimal must be found.
Physical hazards must be located if they are to be
avoided successfully. Exploration of other individu-
als and of own ability must occur if adequate
sexual and social behaviour is to occur (see Figs
11.2 and 11.3). Most of all, exploration is neces-
sary if effective anti-predator behaviour is to be
shown. Animals that are cryptically coloured or
that need to hide must find a good resting place.
Those that flee or show other active responses to
predators must investigate the characteristics of
their surroundings and learn about them so that
they can escape in the right direction and take
advantage of opportunities for impeding pursuers.
If predator attack is imminent, animals must scan
their surroundings and be ready to respond to envi-
ronmental changes.

Given the obvious selective advantage of show-
ing exploratory behaviour, it is not surprising that
animals give a very high priority to such behaviour.
Barnett (1963) reported that rats explore a novel

arena even if they have been deprived of food and
are offered both food and the opportunity to
explore. Cattle also show such investigation
(Kilgour, 1975).

The kind of exploration shown varies consider-
ably from species to species. All animals must
explore their own abilities. They need to determine
their own characteristics, abilities, limitations,
social status, etc., since they expend much activity
investigating these factors. Animals constantly test
their powers of reach and prehension in feeding.
They can learn of their strength through pushing.
They can also learn, through play, their personal
powers of flight, attack and defence (Hall, 1998).
Depriving animals of some sorts of exploratory
behaviour is extremely aversive.

Active movement in a new area and responses to
novel objects depend on sensory usage. A rat or
dog put in a novel area walks around sniffing, but a
bird or ungulate may explore by looking around.
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Fig. 11.2. Cat looking at another cat on television
(photograph courtesy of D. Critch).

Fig. 11.3. Dog investigating horse encountered for the
first time (photograph courtesy of D. Critch).



Objects are manipulated by primates but may not
be touched at all by animals that cannot gain infor-
mation in this way. Wild animals are much more
cautious in their responses to novel objects than
most domestic animals.

Factors affecting exploratory behaviour

Most animals put into a new open area are likely to
follow the boundary before exploring the interior
of their enclosure. In these initial activities groups
they may be bunched in a closer intra-group spatial
organization than usual.

A factor often associated with close confinement,
is the absence of possibilities to explore, investigate
and interact with social companions. Livestock held
in social isolation show a variety of abnormalities of
behavioural development. Isolation-reared lambs
tend to avoid the situation of a novel environment by
withdrawing and avoiding interaction with it. This
demonstrates that socially deprived lambs have
deficits in exploratory capacity. A deficit of this
nature would not provide the animal with good
survival prospects in a natural environment. Similar
observations have been made on foals. Naturally
mothered foals in novel situations are more active
and vocal than orphan foals (Houpt and Hintz,
1983). Incomplete exploration is a poor basis for
adaptation, and an animal with such a behavioural

deficit must be at a biological disadvantage in many
situations. Exploratory deficits will result in cognitive
deficits, and associated fearfulness will probably
create stress predisposition in various demanding
husbandry situations.

Exploration and awareness

The key function of exploration is preparation for
what might happen in the future. Will a predator
attack and what shall I do? Will there be a shortage
of food or competition for food and how shall I act
so as to maximize the chance of obtaining sufficient
food? If it becomes cold, windy or wet, where shall I
hide? When such questions are put in the first person,
it becomes clearer that the actions of the individual
that explores are preparations for possible, perhaps
predicted, future events. A substantial degree of
awareness is needed to be able to evaluate and
prepare for what might happen in the future.

Further Reading

Exploration and fear motivation

Hogan, J.A. (2005) Motivation. In: Bolhuis, J.J. and
Giraldeau, L.A. (eds) The Behavior of Animals.
Blackwell, Malden, Massachusetts, pp. 41–70.
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12 Spacing Behaviour

Introduction

Spacing behaviour is of considerable importance
for social species that live in closely associated
social groups. A pack of wolves or dogs, which can
be considered as one species, Canis lupus, are clus-
tered in an extended family group in relatively
small areas for much of their lives. Dogs that have
been living as companions to people rapidly form
such groups when allowed to do so. The great
fortune of humans is that they are sometimes
allowed to be a significant part of such groups. In
social species, cross-specific relationships of a
mutually beneficial kind are frequent. Many dogs
identify humans as important social partners and
many humans identify dogs as important social
partners. Occasionally, the individual regarded as a
partner views the member of the other species as
largely a provider rather than a partner.

However, in this chapter on spacing behaviour,
the social grouping perceived by the members of
the group is relevant so it is meaningful to describe
the human–dog distance and interactions between
the two. The dependence of many humans on
canine company and the dependence of many dogs
on human company is important to the lives of
both, and studies of spacing of the dog and human
partner are likely to demonstrate that proximity is
monitored by both partners in many instances.
Each exploits and benefits the other. Occasionally,
humans force reluctant dogs to associate with
them. There are parallels with humans doing the
same to other humans.

Spacing of animals falls into two general types:
(i) individual space that is defined in terms of the
individual and hence moves with it; and (ii) home
range and territory, which refer to a static area
used by the animal. In order to appreciate why
spacing behaviour occurs as it does, the ecology of
the animal must be considered (Hediger, 1963).
Spacing of social animals gives much information

about social organization and is subject to dynamic
change as individuals adjust their relationships
continually. The spacing of the members of a social
group at any moment depends upon the activities
of the group members, as is clearly demonstrated
by the work of Keeling and Duncan (1988) on
domestic fowl.

Dogs, horses, rabbits, cattle, sheep, goats, pigs
and domestic fowl allow fairly close physical prox-
imity between one another, except in special
circumstances related to sexual, maternal and
aggressive behaviour. The distance they maintain
between themselves and other animals, especially
potential predators, is much greater. This latter
flight distance is the radius of space within which
the animal will not voluntarily permit the intrusion
of man or other animals that might be dangerous
without escaping. In domesticated animals, the
flight distance to man shrinks with appropriate
husbandry and human socialization (Hutson,
1984). Reactions to intrusions include startle,
alarm, fight-or-flight display and vocalization.

When animals limit their movements to a home
range this will include resources such as food.
These resources will often be defended so that an
area may become basically a substitute goal, repre-
senting the food, etc. it could provide. When an
area is defended, it is called a territory. The term
agonistic behaviour is often used for behaviour
involving threat, attack or defence. However,
groups of farm animals – especially those kept for
long periods in extensive areas such as common
grazings, ranges and ranches – devote little energy
to fighting or threat. Through systems of social
organization, group harmony is a prominent
feature of collective behaviour (Broom, 2003).
Conspicuous features of group behaviour are
social facilitation and synchrony of action, so that
the members of a group are often involved in the
same activities.



Types of Space

Home range

The home range is the area that the animal learns
thoroughly and that it habitually uses. In some
cases the home range may be the animal’s total
range. Within a home range, such as an extensive
area of pasture, there may be a core area. This core
is the area of heaviest regular use within the home
range. The core area generally includes resting
areas.

Territory

A territory is an area that is defended by fighting or
by demarcation, which other individuals detect so
that the mark or other signal is a deterrent to entry.
It need not be permanent, but would often provide
for requirements of nutrition, shelter, resting,
watering, exercise, evacuation, periodic movement
and defensive shifting. In many species, territories
are used to attract a mate.

Individual space

Most animals actively preserve a minimum
distance from themselves and attempt to prevent
others from entering this space. The minimum
distance within which approach elicits attack or
avoidance was called the individual distance by
Hediger (1941, 1955). It includes the physical
space, which the animal requires to occupy for its
basic movements of lying, rising, standing, stretch-
ing and scratching. An example is seen whenever
birds like gulls or swallows are standing or sitting
in a line along a rail or wire. This space is some-
what expanded in the head region to accommodate
the greater amount of movement of the head in the
course of ingestion, grooming and gesturing. Such
spacing is also evident in shoaling species of fish.
Each fish maintains sufficient distance from its
neighbours to allow swimming movements, except
in shallow water (see Fig. 12.1). This is a distance
both vertical and horizontal.

The advantages of maintaining individual
distance to produce an individual space (Broom,
1981) can include reductions in: (i) damage to the
body due to contact; (ii) interference and competi-
tion while feeding; (iii) impedance when starting to
flee; (iv) disease or parasite transmission; and (v)
the possibility of rape. Individual space can vary
according to activity; for example, Walther (1977)
reported that male Thomson’s gazelles walk 2 m

apart, rest 3 m apart but graze 9 m apart. Walther
considered that the high figure when grazing could
be due to the similarity of the grazing posture to
threat display, but problems of interference with
grazing behaviour may also be a cause. The term
social space is sometimes used for the individual
space maintained by an active animal.

Spatial Features

Spatial features may be defined by local geography
in significant ways for animals. The edge of a river,
lake, wood or cliff could be important to an indi-
vidual. A series of caves, an open space where no
predator could approach, a marshy area or a refuge
tree could be selected by an animal as a place to
spend time. In man-made environments too, partic-
ular types of space may be selected or avoided. For
example, dairy cows milked in a milking parlour
may show a preference for one milking place or
one side of the milking parlour (Hopster et al.,
1988; Paranhos da Costa and Broom, 2001).

Association versus avoidance

Although domestic animals maintain individual
space and sometimes defend territories, they also
actively remain close to certain other individuals.
Some of such association is between mother and
offspring (see Chapter 19). Other association is
between animals reared together or between
animals that form an attachment later in life.
Calves reared together are much more likely to be
recorded as associating than are those from differ-
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Fig. 12.1. Trout resting in shallow water and
maintaining an individual distance from their neighbours
(photograph courtesy of D.M. Broom).



ent rearing groups (Broom and Leaver, 1978). Pairs
of cows that spend much time close together and
often also mutually groom one another have been
described by Benham (1984).

A special type of spacing behaviour results when
individuals with close bonds arrange themselves so
that they establish a particular distance to the near-
est neighbour. Domestic herbivores, when grazing,
maintain close contact with one and possibly more
individuals, but the distance to that nearest neigh-
bour varies much less than distances to other indi-
viduals in the group. In 60–70% of animals, an
individual is the nearest neighbour of its nearest
neighbour. This gives spatial structure of pairs of
individuals within a group. The distance to second-
nearest neighbour can vary considerably.

Animals that are associated may move closer
together when there is danger. The trout fry in Fig.
12.2 schooled closely when they detected a human
observer.

Spatial needs

Spatial needs in domestic animals are both quanti-
tative and qualitative (Box, 1973; Petherick,
1983a). Quantitative needs relate to space occupa-
tion, social distance, flight distance and actual terri-
tory. Qualitative needs relate to space-dependent
activities such as eating, body care, exploration,
kinetics and social behaviour. It is often necessary
for animals to remove themselves from visual
contact with others. Hence, the quality of space
includes the presence of barriers, places where the
head can be put so that others are not seen, or dark
places where concealment from an aggressor can
occur.

The minimum spatial need is for that amount of
room that physical size and basic movements
require. Each animal needs distances of length,
breadth and height in which to stand, lie and move
its major parts, including head, neck and limbs. In
the acts of raising and lowering the body, the
animal is required to make forward and backward
movements (Baxter and Schwaller, 1983). During
these the weight, or the centre of gravity, is shifted
to or from the forequarters or hindquarters. The
animal uses the weight either as a counter-balance
in rising or as a direct pull in lying. Another need
for length is in stretching the head and neck
forward and one or the other hind limb backward.
Lateral articulation of the head and neck is yet
another frequent and necessary form of movement.

In lying, the animal’s need for space is increased
through partial rolling of the body and the exten-
sion of the hind limbs.

As well as physical space, animals need space for
social reasons. This space is used to keep some
separation between itself and its conspecifics and to
carry out avoidance behaviour (Mendl and
Newberry, 1997). It is preserved in many instances
by gestures of threat or intention. As with other
spatial needs, individual space – including space to
move the head – can be surrendered briefly without
aggression occurring in a variety of circumstances
such as short-term crowding and resting. The space
occupied by an animal is a function of its weight
and of its need for various activities. During a short
period of confinement, for example, for weighing,
domestic animals may be able to tolerate confine-
ment in a space scarcely greater than that occupied
by the body. However, a wild animal or domestic
animal that has never experienced close confine-
ment may be so disturbed by that confinement that
its welfare is very poor and there is a substantial
risk that it will die.

The relationship between space occupied and
weight is a constant multiplied by the body weight
to the power 0.67. This constant changes according
to: (i) the extent to which the body shape of the
animal deviates from a sphere; and (ii) the activities
that are important for the animal to carry out.

In calculations of the space required for pigs,
Hans Spoolder in a European Union (EFSA)
Scientific Report (EFSA 2006) modified equations
for space occupation and took account of evidence
for the space required by various activities in order
to calculate what space a growing pig needed.
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Fig. 12.2. Trout fry on a trout farm keeping close
together when danger threatens (photograph courtesy
of D.M. Broom).



Crowding

Groups of individuals whose movements are
restricted by the physical presence of others are
said to be crowded. A high density means more
likelihood that one animal will come closer to
another than its individual distance. As a conse-
quence, the intrusion into individual space may
result in an aggressive response or an avoidance
reaction which, in turn, results in a further such
intrusion. Crowding does not necessarily result in
increased agonistic behaviour but it often does so.
If a high social density causes adverse effects on the
fitness of individuals then the term overcrowding is
used. The distribution of resources is of great
importance in determining whether or not individ-
uals are adversely affected by high density.
Crowding in the presence of many food sources,
shelter sites, etc. can lead to no adverse effects,
while local crowding around a single food source
can be harmful to some of the animals present. In
all situations it is essential to consider the quality of
the living space (Box, 1973) as well as the social
density.

Crowding has an effect on the extent to which
animals move about. As broiler chickens get older
they fill the space in which they are kept. Newberry
and Hall (1988) monitored the movements of
chickens from 4 to 9 weeks old at the low stocking
density of 0.134 m2 per bird. As the area occupied
per week declined from 0.134 to 0.049 m2, the
distance moved per hour declined from 4.5 to
2.3 m. If the decreased space allowance decreased
from to 0.134 to 0.067 or 0.041 m2 per bird, there
was a rapid decline in movement.

Very high densities of rodents can lead to adrenal
hypertrophy, high blood pressure, kidney failure,
impaired immune responses and reproductive
failure (Christian, 1955, 1961). The effects of
crowding on production and welfare of farm
animals are discussed in Chapters 28, 29 and 30.

High social density is not the only factor in
grouped livestock that can increase competitive
behaviour and lead to adverse effects on individu-
als. A large number of individuals in the group can
also have such effects. Al-Rawi and Craig (1975),
working with domestic hens in battery cages,
reported that for a constant cage floor space allo-
cation of 0.4 m2 per bird, the frequency of aggres-
sive pecks was three times higher if group size was
28 than if it was 8. Individual hens interacted with
each other bird and, at this density, such inter-

actions involved much pecking. When group size
was increased further in each cage, however, birds
could not move around to interact with other
individuals.

Craig and Guhl (1969) found that the frequency
of competitive interactions did not increase when
group size was increased from 100 to 400 at
constant stocking density. In a review of the effects
of increasing group size on the amount of aggres-
sion in farm animals, Estevez et al. (2007) found
that the social structure had an effect but, in
general, increased group size is associated with
reduced aggression. Although it is more demand-
ing, in terms of the cognitive ability of animals, to
live in large groups, our domestic animal species
have sufficient ability to cope with this (Croney and
Newberry, 2007).

Spacing Behaviour of Domestic 
Animals

Dogs

The behaviour of dogs when other dogs or humans
enter the space that the individual dog regards as
constituting a serious risk to its person or its terri-
tory is well known to the other dogs and to dog-
owners. A growling dog may use its weapons, so
continuation of approach increases the risk that it
will bite. The attack may be presaged by louder and
more frightening signs of intent. The speed of move-
ment associated with any bites is often a surprise to
a human, although probably not to another dog.
Domestic dogs living in houses may defend a very
small territory, such as a sleeping box or just the
square metre around a food bowl. However, other
dogs may be just as vigorous in defence of a house,
a garden or commercial premises.

It is this latter propensity that has led to the
widespread use of dogs to guard property. Dogs
encouraged or trained to defend an area may do so
when the intruder is a human whom the trainer
does not intend to be excluded or attacked, for
example, an employee, a small child or a public
employee on legitimate business. Many postal serv-
ice employees know of the risky dogs on their
delivery round. One might wait by the letterbox to
grasp and maim the hand that puts letters through
the box. Another might attack and bite any person
who enters the front gate, ripping with the teeth at
the legs or even the face if able to do so. A few dogs
have been deliberately trained to do so. Others
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have been accidentally trained to do so or have not
been prevented from doing so because of poor
owner control. The biting and shaking with the
canine teeth shown in territorial fights between
dogs is very occasionally addressed to humans.

Male dogs mark with their urine the space that
they defend, as well as space that they visit but do
not defend. The urine mark conveys information
about identity, sexual condition and sometimes
quality and size. A large male dog can urinate
higher than a small dog and higher levels of testos-
terone may be evident from the height. The
responses to these marks will have an effect on the
spacing of the animals. An individual dog, or a
pack of dogs, may use such marks to help to defend
a territory.

Cats

Cats mark certain individuals and objects by means
of their facial and tail-base glands and also, in the
case of males, by urine-spraying. The gland on the
side of the face, between the eye and the side of the
mouth, is evident as a darker region in tabby cats.
The glandular area at the base of the tail may also
be darker in tabbies and some other breeds. The
mark deposited indicates that this particular cat
has been present and in control of an interaction at
that point. Many cat owners do not realize that the
cat rubbing against them may just be indicating
ownership. Cat owners are usually more disturbed
by the urine spray-marking of tomcats.

Active, aggressive and noisy nocturnal defence
of territory by cats is a feature of human urban
environments. The resolution of disputes can lead
to injuries and may result in some individual cats
showing very great reluctance to venture outside
the human habitation in which they are relatively
safe. Cat owners may fail to understand that for
there to be six cats in 20 adjacent, small human
houses causes much violation of feline territory.
The behaviour during attacks is not often observed,
but includes some clawing and much biting to the
head area.

Cattle

Cattle show territorial aggressive acts by butting or
threatening to butt. When another individual’s
head is close, they ‘hook’ with sharp, oblique head-
swings. In small paddocks, older bulls become
strongly territorial: in this territorial display the

bull digs the soil with its forefeet, scooping loose
soil over its back. It horns ruts into the soil,
rubbing its head along the ground. At the conclu-
sion of the display it will stand and bellow repeat-
edly. It is common for a specially selected site, or
stand – which may be a prominence of land – to be
used for this display.

Beef cattle under high crowding conditions in
pens show clear preferences for certain locations
with their pens. They tend to position themselves
around the outer edges and corners of pens, the
central areas often being less occupied. The fact
that the animals use the outside suggests that the
ratio of perimeter to area of enclosure is important.
The more crowded the animals, the greater the
importance this relationship is likely to be in allevi-
ating adverse effects of crowding.

Distances between subgroups in cattle increase
as forage conditions deteriorate but individual
space is maintained, even on rangeland and on
intensive pasture. Bulls are often located on the
margins of the herd. Bulls require a great social
distance at a relatively younger age than steers, and
the presence of heifers increases the distance
between bulls, at the same time reducing herd scat-
ter. Cows, when lying, mostly keep within 2–3 m of
one another, compared with 4–10 m when grazing.
In unlimited grazing space, bulls maintain an indi-
vidual space averaging 25 m radius.

Horses

In territorial aggression, horses fight with their own
typical offensive and defensive weapons (Arnold
and Grassia, 1982.) They may bite, kick out with
their hind feet and strike with their forefeet when
the flight distance is violated. Both hind feet may be
kicked out, for example, after backing up to the
intruder. The double kick is delivered directly to the
rear without aim. Kicking out defensively, with one
hind limb is sometimes called the mule kick,
although it is used by equids generally. The mule
kick is a precisely directed kick with one hind foot.
Horses usually share a common grazing area with
other grazers without aggression, but may show
aggression to cattle and sheep grazing with them 
by biting, kicking or chasing them. Free-ranging
horses spend much of their time grazing, about 
12 h or more being common. In relatively arid
areas, horses often travel very long distances daily
to water. Their grazing range, under these con-
ditions, is probably limited by the availability of
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water. When snow is on the ground, horses can
obtain fluid by eating it and are then independent of
running water and can utilize different ranges. In
free-ranging horses, trips to water and salt each day
are a requirement. Horses will also show preference
for certain areas of shade if there is a choice.

Equine behaviour includes territorial rituals.
Stallions pass faeces in specific sites where their
dung may become heaped. All horses use certain
territorial spots for defaecation. These areas are
not grazed. A restricted grazing territory for horses
soon becomes divided up into ‘lawns’ and ‘roughs’.
The lawns are the areas closely cropped and the
roughs are the dung areas, which remain ungrazed,
except in starvation conditions.

Sheep

Sheep threaten one another by means of head
movements. If no submissive response occurs they
may push, butt or tug at wool. Amongst animals
that know one another well, however, a look
suffices as a threat and leads to avoidance. In
sheep, spacing among individuals varies consider-
ably with breed and location. In extensive moor-
land and mountain country, sheep keep a greater
distance apart than sheep on lowland ground. This
may be a matter of adaptation or the result of the
wider dispersion of suitable food. In situations of
dispersion, e.g. mountainous areas, the modal
distance to the second-nearest neighbour is three
times that of the nearest neighbour on lowland
grazing. This is the result of the persistence of ‘pair-
ing’, which is a feature of permanent hill flocks. If a
flock is dispersed for any reason, pairs and small
groups still go around together so social cohesive-
ness is preserved. Within each flock home range

there is a series of overlapping home ranges, each
with its group of sheep.

The associations formed between individual
sheep in natural flocks of Dorset Horn, Merino and
Southdown sheep were studied in Australia
(Arnold et al., 1981). When the Dorset Horns were
grazing, the associations between individuals were
within ‘feeding’ home ranges. In the Southdown,
the individuals associating together used widely
dispersed areas of the paddock rather than one
general area. Merinos usually remained in one
group, dispersed into subgroups only under
extreme food shortage, and then the sex and age
groups segregated as in the other two breeds.
Scottish Blackface form subgroups under nearly all
conditions irrespective of breed, flocks of sheep
drawn from different sources not rapidly integrat-
ing into a socially homogeneous group. Even when
sheep of the same breed, but from different flocks,
are mixed they may take a long time to integrate
(McBride et al., 1967). This effect is shown in Fig.
12.3.

Modal distances (in metres) between nearest
neighbours in sheep of different breeds show a
range from 4 to 8.6 on mountain and moorland
and from 3.4 to 4.4 on lowland grazing. These
figures show that pairings are readily formed by
sheep and that they can be managed better in pairs.
For example, the design of the transition zone from
a pen to a race can be improved by allowing two
sheep to enter the race in parallel.

Pigs

Pigs threaten to obtain or defend space by means of
head movements, which may be followed by bark-
ing, pushing with the nose and shoulder barges if

Day 1 Day 7 Day 17

Fig. 12.3. When two groups of 100 Merino ewes (● and �) were put together at a density of 15/ha, their resting
distribution was as shown on the first, seventh and seventeenth days. Complete flock integration took 20 days (from
Broom, 1981, modified after McBride et al., 1967).
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no submissive response is given (Jensen, 1982,
1984). The stocking density in groups of pigs is
known to have various effects upon their behav-
iour. Social encounters in penned pigs take place
most often at or near the food source. These social
encounters lead to non-injurious results when a
hierarchical system has previously been well estab-
lished. When growing pigs are allocated inadequate
space (see special needs), there is a rise in severity
of social encounters. When the stocking density is
too high it is found that individual pigs that are low
in the social hierarchy are unable to avoid the
consequences of aggressive encounters. The
productivity of the unit is thus adversely affected.

Pigs, more than other farm animals, practise
intense contact behaviour and show comparatively
little territorialism except under feral or semi-feral
conditions. The space in the region around the
head, however, tends to be preserved by most
animals. In addition, members of a group often
observe a ‘social limit’, which is the maximum
distance any animal will move away from the
group. They do require space, however, to employ
avoidance tactics that mitigate aggression. The
recognition, when managing pigs, of an ‘avoidance
system’ in the social behaviour is very important.

Avoidance is an inverse response in agonistic
situations and it is the positive factor affecting
agonistic control. The idea that aggression estab-
lishes and operates the social system is inadequate.
The avoidance behaviour, which often occurs in the
absence of any aggressive act, is the vital compo-
nent of the behavioural mechanism that generates
social stabilization. Of course, avoidance is an
overall strategy, which calls for specific behavioural
tactics, and these tactics need space for their
practical operation.

Poultry

Territorial behaviour changes with season in feral
domestic fowl. In the breeding phase, well-defined
territories are held by dominant males where they
mate with females. These raise a brood nearby in a
home range. For the rest of the year each male has
a harem, and the harems utilize overlapping home
ranges (McBride et al., 1969; Duncan et al., 1978).
Chickens also display home range behaviour under
intensive conditions.

Cock-crowing occurs more in establishing terri-
tory. With adequate territory, cock-crowing is
usually limited in time mainly to early morning.
Where cockerels are crowded together and actual
territory is nil, as in cage systems for artificial insem-
ination purposes, excessive crowing can occur.

Threats by males depend on the distance
between them and the orientation of the subordi-
nate towards the dominant bird. High-ranking
birds are frequently in front of and beside the food
dispenser, but perches may be used heavily by the
low-ranked animals. The perch seems to serve as a
sort of refuge rather than as a controlling position.

Further Reading

Individual distance and social space
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In: Appleby, M.C. and Hughes, B.O. (eds) Animal
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13 Rest and Sleep

Introduction

Passive punctuation of behavioural sequences with
less active periods interspersed among the most
energy-consuming phases produces rhythms of liv-
ing (Ruckebusch, 1974). In their simplest forms,
self-conserving tactics include ad hoc resting and
short-term inactivity. A significant proportion of
life is spent at rest (Meddis, 1975). Resting and
sleeping are governed by timing controls, more
obviously than certain other cyclic activities:

1. Standing and lying. These are terms describing
body position in relation to the ground. At some
times, animals assuming these positions may carry
out no other recognizable behaviour except for
occasional limb- and body-shifting.
2. Drowsing. A state of wakefulness alternating
with light sleep with head movement and eye
closure. The animal may have a fully upright
stance, such as is usual in the horse. Sitting on the
sternum is a common postural form of drowsing in
several other species, including cattle. In the latter
case, no rumination would occur. Dogs will lie on
the sternum with the forelegs flexed under or
extended with the head positioned between them.
In poultry the neck is withdrawn and the tail held
down.
3. Resting. Typically, rest is taken in a recumbent
posture with evident wakefulness. The posture
adopted results in reduced energy utilization, but
sleep does not occur and other activities such as
grooming and rumination can be carried out
during resting.
4. Sleeping. Sleep is defined by brain changes and
by loss of behavioural responses to many stimuli.
True sleep occurs in the form of both ‘brain sleep’
(with electro-encephalogram delta waves) and
‘paradoxical sleep’. In the latter, rapid eye
movements (REM) can be seen below the closed
lids. Minor leg movements also occur, especially of
the distal limb and the digits.

Detailed monitoring of sleeping individuals has led
to a better understanding of physiological events
during sleep (Shepherd, 1994; Smolensky, 2001).
The function of rest and sleep may originally have
been to minimize the danger of predation when
active behaviour was not necessary. An immobile
individual in an inconspicuous position is less
likely to be detected. Sleep is shown by predators as
well as by prey, although this does not prove that
minimizing danger is not a function of sleep, as
almost all predators are also subject to predation,
especially when young. A second function must be
energy conservation. For some kinds of animals
and in some circumstances a function may be
restorative, allowing metabolic recovery. Whatever
the evolutionary origin, this system, requiring peri-
ods of passive behaviour, is of importance in the
maintenance of the animal and receives high prior-
ity in environments to which the animal is adjusted.

A biological clock measures time and issues tem-
poral signals to the rest of the body in each domes-
tic animal. Rhythms of brain activity also occur
(see Table 13.1). Rhythmic activity is also a feature
of the endocrine system.

A system in the body exists which adapts the
rhythms of organs and cells to the environmental
temporal cues such as photoperiod stimuli (see
Chapter 2). Cells in the lateral hypothalamus show
a diurnal rhythm of responsiveness to stimulation.
The reticular formation may programme sleep and
wakefulness, but the suprachiasmatic nucleus in
mammals and the pineal in birds are clearly of
major importance in the control of rhythms. Two
forms of sleep are slow-wave sleep (or quiet sleep,
SWS) and paradoxical sleep (or rapid eye move-
ment, REM). In SWS, the EEG is characterized by
synchonous electrical waves of high voltage and
slow activity; in paradoxical sleep, the EEG shows
low voltage and fast activity similar to that seen in
the wakeful state, but there is very little muscular
activity and the animal is more difficult to arouse
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than when it is in slow-wave sleep. The following
sleep stages have been defined:

● Awake: normal responsiveness to stimuli. EEG
either beta activity or alpha rhythm.

● Drowsing: a transitional state in which the
animal is sluggish; the EEG is irregular in
rhythm and of variable low to medium voltage
in amplitude.

● Light sleep: EEG shows sleep spindles; animal is
readily awakened.

● Moderately deep sleep: sleep spindles
interrupted by delta waves and there is REM.

● Deep sleep: the EEG tracing consists largely of
delta waves. This stage can include REM.

The depth of sleep is usually determined in terms
of the intensity of stimulation – usually of a sound
stimulus – required to awaken the sleeping animal,
and increases in the order given above. REM sleep
occurs in all mammals, but not all the manifesta-
tions of REM sleep are exactly alike in all species.
Animals are more difficult to arouse from REM
than from other sleep states. Heartbeat and breath-
ing tend to be more irregular and, on average, faster
during REM than during non-REM sleep. Even
though phasic movements are common, postural
muscle tone diminishes, especially in the muscles of
the trunk, neck and shoulder. While the rate of cere-
bral metabolism is slightly lower in non-REM sleep
than in the awakened state, in REM sleep it is
slightly higher. The duration of sleep varies
amongst species. Whilst a fox may sleep for 14
h/day, sheep, rabbits and horses typically sleep for
8, 7 and 5 h/day, respectively (Sjaastad et al., 2003).

While it may be perfectly valid to count as sec-
ondary benefits of sleep the recovery of tired body
systems, or the behavioural advantage of staying
out of sight of enemies, there is evidence that
processes occurring during sleep contribute to the
health of the brain.

There are two possible ways in which sleep can
serve cerebral functions: (i) it could be that during
sleep, neural materials that were consumed during
waking are recovered or re-synthesized; or (ii) it
may be that, during sleep, neural waste products
that have accumulated are eliminated. However,
the sleeping brain is not inactive, but glucose
metabolism is reduced in both SWS and REM
states.

Young animals sleep more than older ones, and
adults and also spend a large fraction of their time
in REM sleep. The time spent in REM and total
sleeping time varies between adults, but it is rela-
tively stable for any one individual. Lost REM time
disturbs animals. The problem with the brain recu-
peration theory is that animals of some species
sleep much less than others and some individual
people are able to go for many months without
sleeping. Perhaps the recuperative processes can
occur during non-sleep states, even if they are nor-
mally best carried out during sleep.

Postures during Sleep and Sleep
Deprivation

A range of postures are used by animals about to
sleep. The dog in Fig. 13.1 is lying laterally with all
four legs extended. Cattle and sheep take up sta-
tionary resting attitudes, sometimes standing while
ruminating. Hoofed livestock can adopt the upright
inactive stance during a form of rest. No other type
of foot is as suitable as the hoof in stationary posi-
tions on surfaces of various types and conditions,
ranging from mud to ice.

The single hoof of the horse is better than the
cloven hoof for high-speed locomotion, but the
equine limb is also well designed for standing. In
the horse, support in standing is provided by
arrangements of ligaments and tendons, which
form strong, flexible, elastic supports. This helps
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Table 13.1. Types of EEG waves in the mammalian brain.

Type Rate Site Behaviour

Alpha rhythm Medium Neocortex Relaxed wakefulness
Beta activity Medium/fast Neocortex Alert wakefulness
Delta waves Very slow Neocortex REM sleep; deep sleep
Theta activity Slow Hippocampus, etc. Deliberate activity; orientation
Sleep spindles Medium Neocortex Drowsing; moderately deep sleep
Olfactory rhythm Fast Olfactory bulb; pyriform cortex Alert



the animal maintain a standing position with very
little muscular effort. Both fore- and hind-limbs
have the ‘stay apparatus’, which is mainly ligamen-
tous, while the ‘check’ and ‘reciprocal’ apparatuses
in the fore and hind, respectively, are composed of
structures which are either completely tendinous or
are tendinous projections of certain leg muscles.
Both stay and check apparatuses function mainly in
supporting the fetlock joints, and bind and brace
the sesamoid bones. The suspensory ligaments of
both fore- and hind-limbs assist in this.

The reciprocal apparatus is both muscular and
tendinous, being made up of an extensor and a
flexor muscle with the long tendinous insertion of
each. These muscles, peronous tertius in front and
superficial digital flexor behind, are in combination
with the distal ends of both the femur and the tarsus
to form a parallelogram, which causes the stifle and
hock joints to articulate in unison. Thus, if the stifle
is maintained in extension, the distal leg will bear

the weight of the horse with little additional muscu-
lar effort. Horses are thus able to drowse, and even
engage in SWS, while standing (see Fig. 13.2).

Cattle, unlike horses, are unable to rest satisfac-
torily in an upright stance for extended periods.
They therefore become fatigued more severely
when movements or husbandry disturbances pro-
hibit recumbency. Sternal or lateral recumbency
positions allow recovery. The state of wakefulness
occupies 85% of the 24 h period in the herbivorous
species but only 67% in pigs. Ruckebusch (1972a,
b) found that horses slept only during the night,
cows and sheep mostly at night. With regard to
position, horses spent 80% of this time standing,
sheep 60%, while cows and pigs assumed a recum-
bent attitude 87 and 89%, respectively. In addition,
confined pigs spend a very high proportion of their
daylight hours in recumbency (see Table 13.2).

Ruckebusch and Bell (1970) observed that sleep
was generally distributed in two or three periods
during the night, and during each of these periods
transition from SWS to REM sleep was usually
repeated three or four times. REM occurred in
horses, cows and sheep only during the night-time,
but in pigs it was not restricted to this period and
these animals had a higher incidence of sleep than
the other species, except when preoccupied with
food.

Pigs exhibited the greatest number of periods of
REM sleep both during the 24 h period (33) and
during the night-time (25), and those of shortest
mean duration – 3.2 and 3.0 min, respectively. The
smallest number was recorded from sheep (seven),
and horses showed REM sleep periods of longest
duration (5.2 min). The ratio of REM sleep to total
sleep was highest in horses and lowest in sheep.
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Fig. 13.1. Dog sleeping with neck and legs extended
(photograph courtesy of T. Malone).

Fig. 13.2. Horses resting in the standing, sternal recumbency and lateral recumbency positions (drawings courtesy of
A.F. Fraser).



Pigs also exhibited a high ratio of REM sleep to
total sleep.

Patterns of sleep, for example cyclic and breath-
ing disorders (Vandevelde et al., 2004) can be used
as an indication of stress. Disinclination to lie at
rest is seen in horses with orthopaedic conditions.
The normal sleep and resting characteristics of ani-
mals should be appreciated for purposes of assess-
ing welfare so that abnormalities, which may have
symptomatic significance, can be detected. A horse
lying down at night in a normal posture is probably
asleep. An adult horse that lies down during the day
(unless in the company of its foal) or rests in sun-
shine may be abnormal and should be carefully
observed for other evidence of illness. Significant
clinical signs include sleeping fitfully and rising
from resting postures frequently.

Management practices should interfere as little
as possible with normal circadian patterns of main-
tenance behaviour. Interruption of activity cycles
and loss of sleep may play an important role in the
aetiology of the stress-related diseases associated
with newborn management, livestock transport,
mixing of strange animals and introduction of new
animals into established groups.

Species-typical Features

Dogs

Dogs spend about 50% of their time sleeping and
about 20% of total sleep in REM sleep (Manteca,
2002). The characteristic posture of the sleeping
dog is lying with the head turned back on one side.
Dogs may make leg movements and vocalize during
REM sleep. In general, dogs are more likely to sleep
during the hours of darkness than during the day,
but may be more active at night if hunting for food
or a mate require it.

Cats

Cats spend 47–65% of each 24 h asleep and, for
more than 20% of this time, the sleep is REM sleep
(Manteca, 2002). They may sleep on the sternum
with the legs partly folded or laterally with the legs
stretched out. Young cats of < 17 days of age have
a higher proportion of REM sleep than older ani-
mals. The proportion of time during day and night
that cats are active depends upon the extent to
which they have to, or want to, hunt, as most seri-
ous hunting is nocturnal.

Cattle

Rest and sleep are important for cattle, as for other
farm animals, and a free opportunity for such
behaviour is a necessity. At pasture or in a cubicle-
house system where one lying place is allocated per
animal, individual cows have ample opportunity
for lying and resting. In a cubicle-house system
when there are more cows than there are cubicles,
this condition changes (Wierenga, 1983). Under
these conditions the lying time of cows is reduced in
proportion to the amount of over-occupation. The
effect is reduced lying time among the low-ranked
cattle due to a shortage of lying places during the
night, when cows prefer to rest.

However, they are capable of indulging in non-
REM, but not REM, sleep whilst standing. By keep-
ing them standing for 24 h, selective REM sleep
deprivation can occur (Webb, 1969). Preventing
recumbency at night results in partial sleep depriva-
tion, since food intake during the day reduces avail-
able sleep time. In non-REM sleeping episodes,
cattle progressively exhibit irritability towards the
presence of personnel and the time spent in drowsi-
ness is halved.

During the day, cattle usually rest in sternal
recumbency while ruminating. A total time of less
than 1 h is likely to be spent in lateral recumbency,
and episodes of rest in this position are normally
brief. These may be associated with periods of sleep.
The forelimbs are curled under the body and one
hind leg is tucked forward underneath the body, tak-
ing the bulk of weight on an area enclosed by the
pelvis above, and the stifle and hock joints below.
The other hind limb is stretched out to the side of the
body with the stifle and hock joints partially flexed.
They will occasionally lie with one or other foreleg
stretched out in full extension for a short period.
Cattle will also occasionally lie fully on their sides,
but do so only for very short periods while holding
their heads forward, presumably to facilitate regurgi-
tation and expulsion of gases from the rumen. Adult
cattle take up the sleeping position seen in calves
with their heads extended inwards to their flanks.
This is certainly a normal resting and sleeping posi-
tion taken by adults periodically, although it is also a
posture typically adopted in milk fever.

Horses

Horses are polyphasic animals as regards sleep or
rest periods: 95% of horses have two or more such
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periods per day. The total length of time spent
recumbent per day is approximately 2.5 h, with
slight variations associated with age and manage-
ment. Twice as much time is spent in sternal recum-
bency as in lateral recumbency, and normal adult
horses rarely spend more than 30 min continuously
in lateral recumbency: the mean time spent contin-
uously in this position is 23 min.

Horses lie down and rise in a specific manner. In
descent, the forelegs are flexed first, then all four
limbs; the head and neck are used for balance as the
animal lowers itself. In sternal recumbency, horses
do not lie symmetrically: their hindquarters are
rotated with the lateral surface of the bottom limb
on the ground. In lateral recumbency, the upper
limb is invariably anterior to the lower forelimb,
which is usually flexed. The hind limbs are usually
extended with the upper limb slightly posterior to
the lower limb. To rise, the horse extends the upper
foreleg. The forequarters are raised so that the
lower foreleg can be extended. At the same time
both hind limbs begin to extend, but the main
thrust of rising comes from the hind limbs.

A sound horse seldom remains lying when it is
approached, probably because a standing horse is
better able to flee or to defend itself. Horses may be
able to drowse and even engage in SWS while
standing by means of the unique stay apparatus of
the equine limbs. REM sleep, however, occurs
almost always whilst lying down.

Adult horses do not lie for very long periods.
Mares with young foals tend to lie longer than usual
when the foal is nearby and sleeping in full lateral
recumbency. Mature horses are unable to lie in this
flat-out posture for long periods of time before their
respiratory functions become impaired. The full
weight on the thorax of the horse, when laid flat,
appears to be such that circulation to the lungs
becomes inefficient after about 30 min. This is not
the case among foals and young horses, however,
and these subjects can be seen spending many hours
in the day sleeping on their sides at full stretch.

During the day, the horse is awake and alert over
80% of the time. At night, the horse is awake 60%
of the time, but drowses for 20% of the night in
several separate periods. Stabled horses are recum-
bent for 2 h/day in four or five periods. Ponies are
recumbent for 5 h/day and REM sleep occurs in
about nine periods of 5 min average duration.

Management practices can affect equine sleep
patterns. When moved from stable to pasture, they

do not usually lie down during the first night and
total sleep time remains low for 1 month. If horses
are tied too short in a stall, so that they cannot lie,
they do not have REM sleep. Horses stabled only at
night may limit sleep until they are free during the
day. Sleep deprivation may occur when they are
transported long distances, especially if tied. Diet
also affects sleep time in horses, as it does in rumi-
nants. If oats are substituted for hay, total recum-
bency time increases; fasting has the same effect.

Pigs

Of all farm animals, pigs spend most time resting
and sleeping. Pigs confined in stalls may be recum-
bent in rest or sleep for as much as 19 h/day.
However, pigs free to move around sleep much less.
Of the total sleep time, SWS occupies 6 h/day on
average and REM sleep averages 1.75 h in about 33
periods.

Pigs are characterized by extreme muscle relax-
ation during sleep. While this is difficult to appraise
in a mature sow, young piglets exhibit profound
relaxation. When a sleeping piglet is picked up, it is
found to be totally relaxed.

Sheep

Sheep are awake for about 16 h/day; SWS occupies
3.5 h/day and REM sleep occurs in seven periods of
an average total of 43 min.

Poultry

The natural resting characteristics of poultry have a
number of definite characteristics. Drowsing,
whether sitting or a standing position, consists of
two stages: (i) the neck is more or less withdrawn,
the head is moved regularly and the eyes are open;
the tail is slightly down; and (ii) the neck is with-
drawn, the head is motionless and sometimes
drooped; the eyes are closed or are slowly opened
and closed; feathers are slightly fluffed; the wing
may droop; the tail is down; and, while standing, a
slight crouching posture is adopted.

During sleep, whether sitting or standing, the
head is tucked into the feathers above the wingbase
or behind the wing; feathers are slightly fluffed;
sometimes the wings droop; while standing, a slight
crouching posture is shown and the tail is down.

When perching for the night, they may regularly
choose a particular place. This can result in com-
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petitive behaviour during the phase of initial perch-
ing. When the hen assumes the sleeping posture, it
moves its head slightly forward then turns it back-
wards. It puts the beak at the proximal end of the
wing and pushes the head between the wing and the
body while making a vibrating movement with the
head. This movement also occurs in ducks. While
sleeping, jerky movements of the head and neck
occasionally occur and sometimes there is a soft,
peeping noise. External disturbances during drows-
ing cause an alert posture; arousal from sleeping
requires stronger stimulation than from drowsing.

Resting postures are very uniform among birds.
In the sleeping posture, the head is above the centre
of gravity, and this may give stability to the bird in
situations of muscular relaxation during physiolog-
ical sleep. The sleeping posture could be a behav-
ioural adaptation, reducing heat loss via comb and
wattles and closing the vent. Although all poultry
rest in a sitting as well as a standing position, sitting
is most common. Sitting is a very stable position, as
poultry possess a mechanism by which the feet
close around the perch when the animal sits. Sitting
is advantageous from the point of view of energy
conservation, as metabolism is 40% less and heat
loss decreases by 20% as compared with standing.

While most maintenance behaviours are concen-
trated in the light period, preening occurs during
the night, probably because this is the only behav-
iour that can be performed adequately and
efficiently on a perch in the dark. During the night,
all poultry normally rest on perches. Perching
during the day is associated with a short resting or

preening bout, and the lower perches are preferred
for this. About 1 h before sunset, birds start perch-
ing for the night. Usually, it takes 30–60 min for the
whole flock to take their places. Much flying on
and off the perches is seen during this period. Fowl
prefer to use the higher perches, but some individu-
als also use the lower ones. Poultry resting and
sleeping on perches draw the head and neck close to
the body and grasp the perch firmly with their feet,
maintaining this position for several hours. In cages
with sloping floors, there is a preference to sleep on
the highest available place on the slope, though this
is apparently a poor substitute for a perch, which is
preferred whenever present.

In poultry, the genetic strain is an important fac-
tor affecting perching behaviour. Birds of some
strains seldom use high perches. These strain differ-
ences are due neither to weight disparity nor to
social pressure. Some birds perch whereas others
are non-perchers. Appleby (1985) has shown that
early experiences affect later perch use. The type of
material, such as wood or wire, from which the
perches are constructed has little effect on behav-
iour, but perch shape and size do have an effect.
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14 General Social Behaviour

Introduction

Most domestic animal species live socially when
wild and the individuals actively associate with one
another when they can do so in domesticated con-
ditions. Animals living in long-lasting social groups
tend to show social facilitation of behaviour and to
be involved in synchronized activities. The social
living and social behaviour associated with this are
generally beneficial to individuals and promote
their survival. Where a species has complex social
organization, the individuals have some depend-
ence on the others in their group and may find it
difficult to adapt to isolated living conditions.

Animal relationships with man, when success-
ful, range from the near familial to the habituated,
but in all events the domestication of various
species has been helped by a capacity for social
affinity. Domesticability ensures its own type of
survival, different from natural survival perhaps,
but no less biologically real in a final analysis.

Some terms used in the description of social
behaviour are listed below (after Broom, 1981).
The term social organization includes:

● Physical structure: the size of the group and its
composition in respect of age, sex and degrees
of relatedness of group members.

● Social structure: all of the relationships among
individuals in the group and their consequences
for spatial distribution and behavioural
interactions.

● Group cohesion: the duration of association of
the members of the group and the frequency of
fission in which one or more members leave the
group.

Some terms used in the description of social
structure concern the roles of individuals in the
group:

● Leader: the individual that is in front during an
orderly group progression (see Fig. 14.1). Other

colloquial uses of this word are best replaced by
different terms in order that the descriptions
used in behaviour research should be as precise
as possible.

● Initiator: the individual that is the first to react
in a way which elicits a new group activity. This
new activity may be similar to that of the
initiator but need not be. For example, a
movement to a new feeding place may elicit the
same movement by others but an alarm call may
elicit freezing behaviour.

● Controller: the individual that determines
whether or not a new group activity occurs,
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Fig. 14.1. One of the cattle leads the others out of the
pen; leaders often do not control the actions of other
group members (photograph courtesy of A.F. Fraser).



when it happens and which activity it is. The
controller can also reduce the likelihood that
individuals show certain activities. The control
may sometime be exerted by force or threat, but
the more common situation is that in which
members of a group look to the controller
before changing activity or moving as a group.
Examples include the old mare in a group of
New Forest ponies, the hind in a group of red
deer or the male in a group of gorillas or
baboons that determines when the group will
move to a new area (Schaller, 1963; Kummer,
1968; Tyler, 1972). Initiators may try to start
such group movements but be unsuccessful
unless the controller decides to move.

● Competition: the situation where individuals
seek to obtain the same resource. This need not
involve any physical confrontation between
rivals, for as Syme (1974) points out, the fastest
mover may often succeed in obtaining a food
item. In other circumstances, the cleverest rather
than the strongest or the fastest may be
successful.

● Hierarchy: an order of individuals or groups of
individual in a social group, based upon some
ability or characteristic. The term is most
frequently used where the ability assessed is that
of winning fights or displacing other individuals.
The hierarchy might involve just two levels, as in
the case of a despot who wins against a set of
equal individuals. Usually, hierarchy refers to a
series of levels like a linear peck order
(Schjelderup-Ebbe, 1922) or to a linear series
with some triangular relationships in it. Such an
order might reflect an ability to dominate other
individuals – the subordinates – restricting their
movements and access to resources. However,
the term dominance order is seldom appropriate
as orders are usually based on specific
measurements such as winning fights or
displacement from a feeder rather than an
assessment of real dominance.

Various matters explaining these concepts further
are discussed later in this chapter.

Numerous behavioural phenomena are seen in
domesticated animals in the course of social inter-
actions. Mated pairs often show prolonged associa-
tion and interactions that help to cement the pair
bond. Other pairs of individuals may also associate
and interact for their mutual benefit. Social rela-
tionships between and within sexes and age groups

are prominent in each species and are aided by
communication.

The first social relationship is often with the
mother. Newly hatched chicks are attracted to the
hen by warmth, contact, clucking and body move-
ments. This attraction is greatest on the day of
hatching. They learn to eat, roost, drink and avoid
enemies in the company of their mother (Fölsch
and Vestergaard, 1981). Chicks rapidly learn the
characteristics of their environment on the first day
of life (Bateson, 1964; Broom, 1969a). Thereafter
they are more likely to approach the familiar and
avoid the unfamiliar, but this rapid learning period
can be extended if no appropriate stimuli, such as
mother or siblings, are detected.

The set of brain processes involved in this rapid
learning, sometimes called imprinting, develop in
the course of interaction with stimuli received from
the environment of the young chick (Bateson and
Horn, 1994; Bateson, 2003). The attachment to the
mother is further strengthened as her voice and
detailed appearance are recognized. The period
spent with the mother is terminated as she rejects
the chicks by pecking at them when the down starts
to disappear from their heads. Soon after this the
brood is dispersed.

Among confined animals, modified social
behaviours are seen. The domesticated animal’s
social interaction with people varies considerably
from species to species, depending on the system of
keeping and whether the animal has experienced
unpleasant human actions. There can be a special
relationship involving the positive association of
the animal with man. Inter-species affiliations can
occur in various forms.

The ancestors of most domestic animals lived
socially, and social living continues to be an impor-
tant part of life for such animals used today on
farms, as companions or for work and entertain-
ment. Exceptions include cats, golden hamsters and
mature males of some species. Cats will sometimes
live in social groups, for example, some feral cats in
cities, but most associate with offspring or mates
only. Golden hamsters live separately and may fight
if forced to associate. Sexually active bulls may iso-
late themselves except when consorting with
females, when there is a potential for mating.

When living in a herd or pack, dogs, sheep, cattle
and horses maintain visual contact. Pigs show more
body contact and keep in auditory communication.
When disturbed suddenly, most sheep and horses
first bunch together and then run in a group from
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the source of disturbance. Pigs, dogs and cattle move
in looser groups. During the bunching of animal
groups in natural or high-density situations, individ-
uals may be forced to violate the personal space of
others. Social interactions at such close quarters may
be suppressed, may depend upon friendly or aggres-
sive interactions or may be a result of physical ability
and aggressiveness. Social relationships, especially
those that are stable, have important effects on
social interactions in all social groups.

The same responses tend to be shown very con-
sistently in all encounters between the same ani-
mals. Consistency of social interaction requires
that individuals are able to recognize one another
and that their social positions have not been altered
as a result of confusion by large groups, illness or
temporary removal. This stability of social rela-
tionship requires:

● Recognition between individual animals.
● Established social positions.
● Memory of social encounters that establish

social status.
● Memory of observations of the behaviour of

social group members.

Commonly given estimations of the total number
of group members that can be recognized or
remembered by each individual are 50–70 in cattle
and 20–30 in pigs. A great variety of learning is
possible in social groups, as individuals may copy
the actions of others, establish cooperation or
alliances because of social experiences and be able
to learn more readily because of the stability that
social relationships and support can bring.
Sophisticated learning is much more likely to occur
when responses are encouraged by social bonds.
For example, learning by a parrot to use words
occurred in such situations (Pepperberg, 1997).

Association

In groups of social animals, it is common for ani-
mals to associate, i.e. they spend time closer to one
another than the mean group inter-individual dis-
tance. Within herds, it is often found that discrete
pairing through mutual selection of each other’s
company is a common social strategy, which oper-
ates to the advantage of both, particularly in ago-
nistic situations involving other, dominant animals.
The associative characteristics of animals are now
recognized as a clear manifestation of their choice
for company that must represent a basic need.

In free-living sheep and goats, the females and
the juveniles use certain fixed areas, which may
change with season, with the males associating in
bachelor groups in other areas but joining the
females during the breeding season. The basic
social unit in these groups is the female with her
most recent offspring. Associated with this unit are
likely to be related animals, for example a yearling
and the female’s mother. The stable unit is made up
of numbers of subgroups of related individuals. In
large bachelor male groups, the associations
between individuals are looser and the composition
of the groups may change frequently, but in small
bachelor groups there is much cohesion. The sense
of smell is used by cows to recognize other cows,
even in pair-competitive situations; the vomero-
nasal organ (VNO) may be responsible for this. It
has been found that social hierarchy, determined by
conventional inter-individual aggression contests,
is distinctly changed by experimental inactivation
of the VNO. Steers, which were higher ranking pre-
treatment, generally lost rank and lower-ranking
steers gained rank over controls. This has led to the
postulate that the VNO has a role in social aggres-
sive behaviour that contributes to social hierarchy
in species where it is present.

Dogs and cats

As explained by Braastad and Bakken (2002), the
larger canids normally live in social groups based
primarily on kinship and a flexible social organiza-
tion. Pack size depends upon the size of the main
prey species, since larger prey can only be caught
by large groups of dogs or wolves. Individual dogs
may spend much of their lives associating with cer-
tain other dogs in their pack. Although fewer cats
are associated with other particular individuals,
some choose to live in groups, and hence a cat may
often be found associated with one other or a small
group of other cats.

Cattle

Domestic cattle in a free-range situation move from
place to place in groups in which individuals main-
tain close proximity to one another (Phillips, 2002).
They are closer together when driven or escorted, as
in Fig. 14.2. Dairy and beef cattle often lie in groups
and grazing animals often stand within a few metres
of one another, seldom moving out of view of the
rest of the herd. Associations during movement,
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other active periods and resting periods are not ran-
dom. A study of young dairy heifers by Broom and
Leaver (1978) showed that associations were much
more likely among some heifers than among others.
In this study, animals that were reared together as
calves were more likely to associate when adult, and
Bouissou and Hovels (1976) obtained the same
result. However, other associations also formed and
the occurrence of such associations, in a suckler
herd of mixed ages, is described in detail by Benham
(1982b, 1984). The animals in the suckler herd
often allogroomed (licked one another) and spent
most of their waking time together. It is likely that
social licking has effects on the psychological stabil-
ity of the animals concerned, as well as on simply
cleaning the skin and hair.

Sheep

The development of social organization has been fol-
lowed in sheep (Arnold, 1977; Lynch et al., 1992).
The first social bond a sheep develops is with its
dam. Once the bond is established it remains in
females unless broken by separation. Ewes and

lambs during the first 4 weeks of the lamb’s life are
found to stay within 10 m of each other for over
50% of the time. The formation of ‘weaner’ flocks
breaks this social bond and a new social organiza-
tion has to be developed with the formation of small
groups, in which inter-animal distances are low.
Gradually, these groups become larger until a flock is
eventually formed. The size of subgroups increases
with age from weaning up to 4 months old; this is
unrelated to the size of the paddock or space avail-
able to the animals. Even as late as 11 months of
age, subgroups may be formed. Normal adult flock-
ing behaviour appears to be established by 15
months of age. The flock identity is strong for adult
sheep, and members within contact distance imme-
diately run together when disturbed.

Three characteristic flock structures have been
described as follows:

● A tightly knit flock.
● A flock widely dispersed but with uniform

spacing between individuals.
● A flock split into subgroups but that remains a

social entity with membership of subgroups
continually changing (see Fig. 14.3).
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When resting, social distance is greatly reduced,
and an analysis of 72 flocks showed that, when
resting, sheep occupied an area of 10 m2 per sheep.
Distance to nearest neighbour is one attribute of
social arrangement; the cohesion of all members of
a flock is another. This cohesion varies with envi-
ronmental factors. The average distance between
neighbouring sheep when grazing varies from 4 to
more than 19 m; the greatest distances are for hill
breeds of sheep and the smallest for Merinos. The
average distance of the nearest neighbours among
sheep in all breeds is within 5 m, but breeds differ
on this basis and fall into four classes of dispersion:
Merinos are the closest, lowland breeds are next,
hill breeds are further apart, with the mountain
breeds being the furthest apart. Most data on near-
est neighbour distances could be affected by the
presence of human observers – the sheep would
tend to stay closer together when aware of humans.

Horses

While being a typical herd species, horses also
show a marked preference for certain individuals of
their own species. Two horses encountering each
other for the first time show much mutual

exploratory behaviour. Exploratory behaviour at
introduction involves an investigation of the other’s
head, body and hindquarters using the olfactory
sense.

Horses show a form of social order when they
live in groups, and a social hierarchy becomes
established within these groups. The older and
larger animals are usually found to be high in the
dominance order. Stallions do not necessarily dom-
inate geldings or mares but have a significant role
in defence of the group (McDonnell, 2002). A
dominant individual often dictates the movement
of the herd through the grazing area and will some-
times break up exchanges between other horses.
Socially dominant horses are sometimes found to
have more aggressive temperaments than the oth-
ers. Horses running at pasture show special fea-
tures of behaviour if the group contains a stallion
and breeding mares. Stallions usually drive younger
male animals to the perimeter of their groups, but
will not show any aggressive attitudes towards
them if they remain there. The stallion attempts to
herd a group of brood mares together. The normal
size of a ‘harem’ amongst horses is about seven to
eight mares. The colts tend to form a bachelor
group after splitting off from the herd at the age of
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about 1–2 years. Fillies may or may not join this
group.

Mares that have been kept together will continue
to associate closely and consistently when put with
other mares. In mares from different studs, such
close associations are not formed, although most
individual mares are found to associate closely with
certain individuals. In herds of both sexes, colts
and fillies tend to separate from the mares and stal-
lions. The stallion usually attacks members of the
younger group if they approach too closely. The
stallion will round up the mares on the periphery of
his herd or ‘harem’, but will ignore or repel fillies.

In free-living ponies close groups are formed.
Most groups are family groups, with fillies remain-
ing with their mothers for 2 or more years. When
they leave their mothers young mares frequently
change groups, often joining older mares with foals.
Stallions in winter form bachelor groups. Groups of
young males have a loose social organization, with
members leaving to form other groups for a period
and then rejoining the original. Stallions without
mares often live as solitary individuals.

The formation of close social bonds in horses is
essential for group stability and it is important to
plan for these in the management of domestic
horses.

Pigs

The social organization of groups of pigs is known
to include the establishment of various friendly
relationships and a social hierarchy (Jensen and
Wood-Gush, 1984). For the social hierarchy to
function properly, the size of a group and the space
allocated to it are important. It is also necessary for
the members of the group to be capable of prompt
recognition of each other. Sensory clues such as
olfactory stimuli are involved in the maintenance of
the social structure. It is also evident that pigs in an
established group are quickly able to recognize an
alien in the group, but pigs are not territorial
(Jensen, 2002). Visual and olfactory cues seem to
be the principal differentiating features of pigs for
each other.

Poultry

The domestic chick shows early social responses,
while still in the shell, to adult calls and to chicks
from other embryos (Vince, 1973), and it may
give low-pitched distress calls if cooled or rapid

twitterings of contentment if warmed. Chicks that
are hatched at slightly subnormal temperatures
give distress calls as their moist down dries and
they lose contact with the eggshell. Contact with a
broody hen or other warm object prevents these
calls. Newly hatched chicks are attracted to the hen
by warmth, contact, clucking and body move-
ments, and this attraction is greatest on the day of
hatching. They develop the behaviours of mainte-
nance, in particular to eat, roost, drink and avoid
enemies, in the company of their mother.

In chicks, the most sensitive period for learning
the characteristics of the mother is normally
between 9 and 20 h after hatching. The attachment
to the mother is further strengthened as her voice
and appearance are recognized. The clutch is the
basis of flock organization and, even after it has
dispersed, chickens need company. A chick reared
in isolation tends to stay apart from the flock.
Flock birds eat more than single birds due to social
facilitation.

Adult flock formation depends on tolerant asso-
ciation. Strange birds are initially attacked and are
only gradually integrated into the flock. Newcomers
are relegated to positions near the bottom of the
peck order and only active fighting will change this.
Hens and cocks have separate peck orders, as males
in the breeding season do not peck hens. However,
most associations, even at feeding places, involve
little fighting or aggressive pecking (see Fig. 14.4).
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Leadership

In their affiliative movements, animals often
respond to the initiative of a lead animal by follow-
ing (Squires and Daws, 1975; Sato, 1982). All
herding and flocking animals show ‘follow reac-
tions’ in various social circumstances involving
movements. Leadership among sheep is often pro-
vided by an old ewe: older animals are more likely
to lead, and the status of the animal in the social
hierarchy may not be a determining factor. In the
movements of cattle during their husbandry rou-
tines, the order of following often remains very
consistent.

Several observers have reported that the volun-
tary order of cows going for milking at each milk-
ing session is fairly consistent (Reinhardt, 1973).
Dairy cows organize themselves into a specific
order for entering the milking shed according to
their milk yield, with high-yielding cows taking an
advanced position in the order. The movement
order to milking is quite consistent, though the rear
animals have more fixed positions than the ‘lead-
ers’. Evidently, the follow reaction in an order sys-
tem can be influenced by the ‘reward’ of milking.

Types of leadership in cattle have been subdivided
into three categories as follows:

● Leadership during movement to and from
locations of eating, drinking and sleeping. This
establishes movement order.

● Leadership in the initiation of grazing and
resting.

● Leadership in direction during grazing activity.

In the suckler herd studied by Benham (1982b),
some individual cows always moved at the front of
the herd and ran around to the front if the herd
changed direction: it was clear that they were lead-
ers, but not controllers, of movement. Summer
temperatures may reduce the development of graz-
ing, while association will be increased to avoid the
attacks of biting flies. Sato (1982) observed that the
summertime lowering of grazing and the develop-
ment of association frequently caused heifers to
behave less as followers and to show dispersive
grazing formations. Since grazing essentially
involves dispersive movement, ‘follow reactivity’ is
readily obscured. Aggregative movement, on the
other hand, may amplify following behaviour.

Changes from grazing to resting or from resting
to grazing take place as follows. When an individ-
ual cow initiates activities different from the

remainder, it returns to the activities of the rest of
the herd if the remainder do not follow. Drifting
occurs when a neighbour begins to follow, until the
behavioural policy of the whole group is changed.
Each animal is dependent on the herd influence,
and leadership ranking is not simply a measure of
individual preference in effecting reactivity. The
milking order may not be the same as the order
when travelling; the travel order may differ from
the order going through gates, doors or out of
yards, into races or other linear controls.

Some use is made in animal management of the
‘Judas’ animal to lead groups in to slaughter prem-
ises. Using the natural movement pattern of the
species concerned, sheep, cattle and horses can all
be trained to lead. Under free-range conditions, the
older grazing stock can transfer to their offspring
information about seasonal pathways, areas of
good pasture and watering places if this familial
bond is not disrupted before weaning. In this way,
home range areas can be established efficiently.
Sheep in extensive pastures may establish separate
home range areas on the basis of familial leadership
and its social cohesion. Such cohesion contributes
to social facilitation.

Social Facilitation

Within groups, the activity of certain individuals –
usually rapidly followed by the majority – seems to
direct behavioural policy for all. This group effect
serves as a basis for the holistic strategies of group
behaviour. Social facilitation in flocks and herds is
involved in daily movements and in stampedes,
marches and migrations that persist as outstanding
behavioural phenomena in animals. Social facilita-
tion is more likely where there is adequate associa-
tion, ability to communicate and react, a potential
for mimicking activities, similarity of motivational
state and suppression of intra-species aggression. In
Fig. 14.5, the ducks have aggregated in an expected
feeding area.

One example of social facilitation is the
increased likelihood of pecking by a chick where
another chick is seen or heard pecking. Another
example is that of cows in a field, which are more
likely to start grazing or lying if others in the herd
do so (Benham, 1982a). The amount consumed
may also be affected by social facilitation. In stud-
ies where pigs ate to satiation (Hsia and Wood-
Gush, 1984) or calves drank milk to satiation
(Barton and Broom, 1985), the presence of a
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second hungry animal resulted in the first animal
consuming more (see also Chapter 8).

Social order

In groups of animals that have been together for
some time, there is often a clearly established hier-
archy. This can result in maximal group-bonding
and minimal aggression, creating the social stabil-
ity that is a vital requirement in good animal hus-
bandry (Schein and Fohrman, 1955). Social
interactions in the development of a ‘peck order’
usually involve aggressive acts such as biting,
butting or pushing. The introduction of a new indi-
vidual is disturbing – and even hazardous – due to
the sheer mass of separate aggressive encounters
that the newly introduced animal will receive from
most members of the group in turn, or sometimes
in concert. A social hierarchy is not an inviolable
structure, it is merely the state of settled-out rela-
tionships between individuals. Linear social orders
have been described in groups of rabbit bucks and
does (von Holst et al., 1999).

Of greater importance are other relationships,
which need not involve any aspect of competition.
Friendship pairs are formed and these involve
mutual tolerance. The function and durability of
the hierarchy is dependent upon component rela-
tionships and upon ongoing, operative avoidance
tactics. ‘Dominance hierarchy’ may be a miscon-

ception for a social relationship based in a mixture
of social arrangements. For example, in groups of
dogs, the complex social relationships are seldom
usefully explained by considering the group to have
a single social hierarchy (Manteca, 2002). It seems
that animals use organized tactics of stable social
living, which may well prove to be their own pacts
and systems of pacts. Affiliative behaviour is gener-
ally more important than aggressive behaviour.
Such relationships may lead to stable bachelor
grouping and association in which there is matriar-
chal guidance to group members.

In domestic fowl, the peck order is most clearly
seen in competition for food or mates, and subordi-
nate hens may obtain so little food that they lay
fewer eggs. Dominant hens mate less frequently
than subordinate hens, but dominant males mate
more often than subordinate males. Birds in a flock
kept in a state of social disorganization by the
removal and replacement of birds eat less, may lose
weight or grow poorly, and tend to lay fewer eggs
than do birds in stable flocks. Additional feed and
water troughs distributed about the pen enable
subordinate hens to feed unmolested, and an ade-
quate number of nesting boxes gives these birds the
continuous opportunity to lay. If space permits,
flocks of over 80 birds tend to separate into two
distinct groups, and at least two separate peck
orders may then be established. Large, dense flocks
are subject to hysteria.
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When a turkey identifies a potential competitor,
the most common social interaction is a simple
threat. One bird may submit to the other, otherwise
both birds warily circle each other with wing feath-
ers spread, tails fanned and each emits a high-
pitched trill. One or both turkeys may then leap
into the air and attempt to claw the other. The one
that can push, pull or press down the head of the
other will usually win the encounter. Such bouts
usually last a few minutes. Haemorrhages may
occur during a tugging battle, since richly vascular-
ized skin areas may be torn, but actual physical
damage is usually slight and birds do not fight to
the death. An injured lower-ranking bird must be
separated from the group, however, until its
wounds heal, as other birds will tend to peck and
aggravate the wound, with fatal results.

Formerly, it was thought that social order was
the result of social dominance through aggression,
and for that reason it was commonly termed the
‘aggression order’. The use of dominance should be
restricted to the phenomenon that can occur in
every pair of animals in which one member can
inhibit the behaviour of the other (Sato, 1984). The
order of the group is therefore the sum of all such
inhibitory relationships. Dominant animals have
probably been aggressive in the past to obtain their
dominant positions, but a dominant animal need
not be aggressive subsequently (Reinhardt and
Reinhardt, 1982). Measures of the dominance
position of animals in a group should be based on
observations in the particular herd, contain suffi-
cient observations to be reliable and reflect the
actual magnitude of differences among animals.
Relationships are the result of learning, with many
different factors being involved in the formation of
a relationship. Once learned, dominance relation-
ships can persist for a long time (Syme and Syme,
1979).

Social dominance is not usually exerted when
social animals are grazing or are resting. In horses,
however, subordinate animals deliberately avoid
moving too close to dominant animals and domi-
nant animals frequently threaten subordinates
while eating. Social dominance is exhibited in com-
petition for supplementary feed given in a restric-
tive place or at water troughs in cattle, sheep and
horses. Much behavioural observation on ‘aggres-
sion orders’ in domestic animals, and in pigs partic-
ularly, is now suspect since the subtle behaviours of
avoidance-submission – such as ‘head-tilting’ in
pigs – went unrecognized.

These behaviours provided all the social
exchange involved in maintaining social stability.
In a permanent herd of free-ranging sows, an
‘avoidance order’, seemed to be maintained mainly
through the behaviour of the subordinates. They
performed the most social acts, mainly submissive
and flight behaviour, and these were mainly
received by the dominant animals. The view is
expressed that these facts support the use of the
term ‘avoidance order’ as a measurement of social
dominance, instead of the ‘aggression order’.
Jensen (1984) observed that confinement and semi-
confinement decreases the social activity, measured
as number of observed interactions per time unit,
and leads to unsettled dominance relationships
combined with high aggression levels. Semi-con-
finement systems do not provide sufficient space for
a stable social system, and the frequencies of
aggressive behaviours were actually highest in
semi-confinement. Systems in which animals are in
small groups having individual feeding stalls and
an area of secondary space provide enough area for
the sow to settle dominance relationships and to
keep the aggression level fairly low. Within systems
that provide security of position at feeding and sec-
ondary space for resting, it is possible for a con-
stantly settled avoidance order to exist.

Social dominance effects can be very important
in cases of high stocking densities or poor farm
design. Inadequate trough space, narrow races,
inadequate space in indoor housing or lack of feed-
ers can mean that dominant animals command
resources at the expense of subordinate animals.
The latter will suffer and health and general pro-
duction can be affected. Documented examples
include the higher internal parasite load of subordi-
nate grazing stock during droughts when scarce
food is commandeered by dominant stock.
However, most associations are amicable. The bulls
in Fig. 14.6 feed together regularly and more care-
fully so as to avoid injuring one another with their
large, sharp horns.

Since aggressive behaviour is most seen when
groups of pigs, cattle or horses are first formed, the
frequent changing of group members should be
avoided. The adverse effects of mixing together
individuals from different groups are of particular
importance in pigs (Arey and Edwards, 1998;
Turner et al., 2001; Turner and Edwards, 2004).
The extent to which aggressive or other injurious
behaviour occurs in groups of domestic animals is
of great importance in the management of some
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species. A dog shelter or holding centre can be a
place where serious injuries occur as a result of
fights, while damaging injuries also occur on poul-
try and pig farms. These issues are considered fur-
ther in Chapters 28 to 36.

However, one principle relevant to the causation
of such problems is the effect of mixing individuals
unfamiliar with one another, as mentioned above.
Other principles concern the effects of group size
and space allowance on the likelihood of social
problems. Taking pigs as an example, aggression
does not increase with increasing group size unless
resources are limiting (Turner and Edwards, 2004).
Pigs in large groups may form subgroups or restrict
their space use to certain areas. If group size is larger,
at a given space allowance per individual, larger
groups mean greater likelihood of opportunity to
move over greater distances and hence exercise bet-
ter, so aggressive interactions may be reduced.

When space allowance for pigs was 0.55, 1.65 or
2.0 m2 per pig, much more time was spent lying
inactive or biting the tails of other pigs at the
smaller space allowances (Guy et al., 2002). This
occurred in part because, with more space, a more
complex environment was possible, but Beattie et
al. (1996) found that pigs showed more locomotor
behaviour such as running and jumping when more
floor space was provided in enriched pens. Such
possibilities for behaviour reduce the likelihood that
injurious behaviours will occur. Wisgard et al.

(1994), comparing 100 kg pigs each given 0.58 or
0.65 m2, found that more threats were shown by
the pigs in the smaller pens. Production of milk and
other physiological responses can be affected for
several days while aggressive social interactions are
taking place. Sometimes, tranquillizers have been
used to aid social tolerance when strange pigs have
to be penned together or when wild horses have to
be collected.
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Broom, D.M. (1981) Biology of Behaviour. Cambridge
University Press, Cambridge, UK.

Social behaviour: cattle and sheep

Lynch, J.J., Hinch, G. and Adams, D.B. (1992) The
Behaviour of Sheep: Biological Principles and
Implications for Production. CAB International,
Wallingford, UK.

Phillips, C. (2002) Cattle Behaviour and Welfare, 2nd
edn. Blackwell, Oxford, UK.

Social behaviour: dogs

Serpell, J. (1995) Introduction. In: Serpell, J. (ed.) The
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15 Human–Domestic Animal
Interactions

Many wild animals spend time in multi-species
groups. Flocks of forest birds, shoals of coral reef
fish and herds of grazing mammals may include
members of several species that are able to respond
to the alarm signals and food-finding indicators of
the various species present. However, close inter-
specific relationships do not normally occur.
Animals kept by humans are more likely to show
inter-species relationships because of the condi-
tions imposed upon them during development and
during adult life. As a consequence, friendships or
companion bonds may develop (see Fig. 15.1).
Interactions and relationships between domestic
animals and humans are of particular interest
because of their relevance to the welfare of the
domestic animal and of the human involved, and
because animal management may be helped or hin-
dered by them. When such bonds exist, for exam-
ple in dogs and cats, communication between the
human and the dog or cat may be sophisticated
(Miklósi et al., 2005).

The removal of the young animal from its own
dam to be raised by a human leads to social attach-
ment to humans. The optimum time for such rela-
tionships and developmental processes to be formed
varies with the species. With precocial species,
which are behaviourally competent at birth, like
cattle and sheep, the optimum time is from birth to 
4–6 days. A leader–follower relationship may occur
in which the animal follows the human for food or
companionship. If the attachment to humans has
been very exclusive, such hand-raised animals may
later relate sexually to humans. In species that
develop a dominance–subordination type of social
structure, it is important that the human caretaker
be dominant, particularly when the animals may be
dangerous as adults. The dairy bull asserts increased
dominance with maturation and growth. For such
an animal, dominance is best established at the
appropriate time for the species, usually early in life
when no punishment may be needed. Since the
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Fig. 15.1. (a) Pony and rabbit associate; (b) dog and
lamb associate; (c) cat and dog associate (photographs
courtesy of A.F. Fraser and T. Malone).

(a)

(b)

(c)



social dominance interactions are fairly specific for
individuals, the fact that one particular person
dominates an animal is no guarantee that another
will be able to do so with the same animal.

The hand-rearing of animals can be very benefi-
cial to animal and owner in that individuals survive
and thrive that would not otherwise have done so.
However, the problems that can arise as a con-
sequence of bonding socially with man at the sensi-
tive period in development must be considered in
later management of the animals. Animals that are
handled more by man may change their social
responses to members of their own species as well
as to man. Waterhouse (1979) handled regularly
some young dairy calves in a row of hurdle pens
and found that these calves showed less social
interaction with their neighbours. There were no
long-term adverse effects on social interactions in
this study, but there are reports of regularly petted
animals and of entirely hand-reared animals not
adjusting well to social conditions.

It would seem inadvisable to handle some young
animals in a group much more than others (Broom,
1982). During the rearing of puppies, contact with
humans during the period from 3 to 12 weeks of
age is necessary if the dog is to develop friendly
relationships with humans (Manteca, 2002). The
other problems that can arise are of: (i) misdirected
sexual behaviour; (ii) playful behaviour towards a
person by an animal that has grown large enough
to be dangerous; or (iii) aggression towards people
by an animal that has little fear of man because of
its early social experience with man. This problem
is soluble by taking care to socialize the animal
with its own species at an appropriate time, rather
than keeping it with only human company.

The benefits to humans of interactions with
companion animals is a rapidly expanding subject
(e.g. Podberscek et al., 2000; Serpell, 2002).
Another aspect of human–domestic animal interac-
tions, the impact of the humans on animal welfare,
is a major topic of this book.

Having pointed out that domestic animals can
form social attachments to people, it should be
emphasized that lack of contact with man is a
much more important problem on farms. The most
common relationship between a farm animal and

the people whom it sees is that the animal is afraid
of the people. This fear is extreme in poultry and
may be extreme in sheep, pigs and other animals. If
the stockperson treats animals roughly or inconsis-
tently then there are effects on welfare and there
may be effects on production. Milk production by
dairy cows is much affected by the behaviour of the
stockman towards the animals (Seabrook, 1984,
1987).

The work of Hemsworth, Barnett and collabora-
tors has shown that early handling of all the mem-
bers of a group of pigs can have effects on the later
responses of the pigs to man, the ease with which
the pigs can be handled when older and the repro-
ductive performance of the animals (Hemsworth 
et al., 1981a, b, 1986a, b; Gonyou et al., 1986;
Hemsworth and Barnett, 1987). Using a standard
test of latency of and amount of approach to a per-
son, it was found that sows on different farms var-
ied greatly in their responses to man. The average
level of fear of human beings was negatively corre-
lated with the reproductive performance of the pigs
on the farm. In several experimental studies, pigs
were either: (i) minimally handled or stroked and
patted when they approached (pleasant handling);
or (ii) slapped or prodded with an electric goad
when they approached (adverse handling). The
pleasant handling resulted in the smallest behav-
ioural and adrenal cortex response to man, highest
growth ratio, highest pregnancy rate in gilts and
earliest mating responses in boars (see Table 15.1).
It is clear from these results that the welfare and
production of pigs is substantially affected by 
the extent of controlled human contact with 
the animals. The same must be true of all farm
animals.

A study of the effects of handling by farm staff
on the later responses of dairy heifers was carried
out by Bouissou and Boissy (1988). Animals that
had been handled on 3 days per week during
months 0–3 or 6–9 showed some improvement in
ease of handling at 15 months when compared
with unhandled controls. A substantial improve-
ment in ease of handling and reduced heart rate
and plasma cortisol responses to novel situations
were shown if the heifers had been handled for 3
days per week each month during months 0–9.
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Table 15.1. The effects of handling treatments on the level of fear of humans and performance of pigs in four
experiments (from Hemsworth and Barnett, 1987).

Mean for handling treatment

Experiment and measures Pleasant Minimala Aversive

1. Time to interact with experimenter (s)b 119 – 157
Growth rate from 11–22 weeks (g/day) 709 – 669
Free corticosteroid concentrations (ng/ml)c 2.1 – 3.1

2. Time to interact with experimenter (s)b 73 81 147
Growth rate from 8–18 weeks (g/day) 897 888 837

3. Time to interact with experimenter (s)b 10 92 160
Growth rate from 7–13 weeks (g/day) 455 458 404
Free corticosteroid concentrations (ng/ml)c 1.6 1.7 2.5

4. Time to interact with experimenter (s)b 48 96 120
Pregnancy rate of gilts (%) 88 57 33
Age of a fully coordinated mating response by boars (days) 161 176 193
Free corticosteroid concentrations (ng/ml)c 1.7 1.8 2.4

a A treatment involving minimal human contact.
b Standard test to assess level of fear of humans by pigs.
c Blood samples remotely collected at hourly intervals from 08.00 to 17.00 hours.
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16 Seasonal and Reproductive
Behaviour

Introduction

Reproductive activities are not ever-present fea-
tures of behaviour. Their induction requires
processes of maturation and stimulation, which
enable the animal to produce efficient reproductive
activities and responses. Reproductive effort is all
of the resources expended by an individual on
reproduction in a season. This includes all prepara-
tion for reproduction and parental activity as well
as parental care (see Box 19.1). The evolutionary
basis for parental behaviour is discussed by
Clutton-Brock (1991). Most reproductive behav-
iour depends upon hormonal state and also upon
sensory stimuli. The process of acquiring reproduc-
tive capability is dependent on a wide range of fac-
tors including neural mechanisms, hormones,
pheromones and the sensory reception of a variety
of stimuli. The state of reproductive capability
often overshadows other classes of behaviour by its
motivational high priority. This capability often
exists during only one season of the year and its
initiation depends on a stimulus or a combination
of stimuli.

Sensory Factors

Reproductive responses of mammals are much
affected by the olfactory sense. Awareness of odour
can result in preparation of animals for reproduc-
tion, or other activities, as well as directing individu-
als to a particular immediate response (Sommerville
and Broom, 1998). As explained in Chapter 1, the
dog has a threshold for olfactory concentrations
about one million times more sensitive than humans
(Stoddart, 1980; Manteca, 2002). Odour can have a
stimulatory value in initiating male sexual behav-
iour. The importance of the role of pheromones in
the breeding behaviour of animals has been
described in Chapter 1: for example, the secretions
of the submaxillary salivary glands and preputial
fluids in the boar (Patterson, 1968; Signoret, 1970;

Perry et al., 1980). Boar odour and the odour of
oestrous sows can advance and synchronize puberty
in gilts (Pearce et al., 1988; Pearce and Pearce,
1992). A variety of male animal odours are
detectable even to man, for example the smell of the
billy goat or boar, which has its principal effect on
female members of the same species (Dorries et al.,
1995). Odour plays a large part in the establishment
of the strong bonds between a mother and the new-
born mammal. These bonds are dependent first on
mutual recognition through odour (Alexander et al.,
1974).

Although odour is the principal means by which
early recognition occurs between mother and
young mammals, visual recognition soon takes
over as the secondary means of mutual identifica-
tion, and auditory recognition is also important to
sheep (Alexander and Shillitoe, 1977).

It has been known for some time that the
relative length of the light period of each day is a
factor in determining breeding behaviour in some
domestic animals. Seasonal breeding, for instance,
is largely determined by the changes in the daily
photoperiod. Photoperiodism operates in two
principal ways:

1. Some animals exhibit their reproductive
activities during that portion of the year during
which the daily light period is long. It is widely
known that for horses the normal breeding season
commences in the spring, that period of the year
when light is becoming stronger and the number of
daylight hours greater – and continues through
summer.
2. Some animal species confine their breeding
behaviour to that portion of the year characterized
by the minimum amount of daily light: sheep and
goats are examples of this. Most breeds of sheep
and goats commence their breeding seasons in the
autumn, when the daily photoperiod is less than
the dark period and the light period is diminishing
further day after day (Fraser, 1968).



Clearly, the natural light stimulus for those
domestic animals that show seasonal breeding is a
complex one involving the absolute quantities of
light and dark as well as relative quantities of light
each day. Although gradual, day-to-day changes in
the photoperiod are important in the initiation of
breeding, it is also clear that the fixed nature of the
photoperiod is important, i.e. seasonal breeding
animals maintain their breeding activities as long as
an adequate quantity of light, or of dark, is deliv-
ered. When the photoperiod fails to provide ade-
quate stimulation for the animal, a refractory
period develops during which the breeding per-
formance is arrested. Male dogs and cats are sexu-
ally active throughout the year. Female dogs are
more likely to come on heat during spring than
winter. Female cats often come on heat when the
day length increases around the spring equinox.
Female mink and foxes are strictly seasonal and
come on heat in spring (Sjaastad et al., 2003).

Visual stimuli are often combined with olfactory
stimuli in eliciting reproductive behaviour. In sev-
eral species, the form of the stationary oestrous
female is the key stimulus for the male to initiate
copulatory behaviour.

In male cattle, mounting behaviour is apparently
released by a form presenting a dorsal surface and
supports. Bulls will mount dummy cows, which are
of very simple form having only a metal frame and
a covered body. Most bulls tested with a dummy
cow will mount it. Similarly, boars will normally
readily mount a dummy sow consisting of a tubular
frame with a padded covering. The simple form of
the mounting releaser helps to explain why some
bulls and other male animals with inadequate mat-
ing experience will attempt to mount from the side
or even the front of the female subject.

In the case of the newborn ungulate, attempts at
suckling are released and directed to the mammary
region and the teat after being orientated first to
the darkened underside. The young calf, lamb or
foal may find the angular area of this underside by
nosing up a vertical limb, then moving to the
prominent mammary region and finally to the lact-
iferous sinus and the protruding teat. The young
animal soon learns the direct route to the mam-
mary gland.

Hormonal and Pheromonal Facilitation

Reproductive behaviour is based upon the sexual
differentiation in the brain, which occurs at an

early age. Processes of sexual behaviour depend on
stimulation by oestrogen in the female and testos-
terone in the male. Reproductive behaviour, which
varies amongst species, is associated with
courtship, mounting and coital action in males, and
courtship, soliciting and coital acceptance in
females. During development, sensitive periods
exist for the determination of sexual behaviour.
Sexual differentiation, for example, in sheep is
determined in the foetal phase of life.

The neuromuscular mechanisms for most of the
components of sexual behaviour are present in
both sexes. Given appropriate stimulation, typical
heterosexual behaviour can develop. The type of
sexual behaviour displayed is the result of the
degree of hormonal or other stimulation applied to
elicit it (Hurnick et al., 1975). In companion ani-
mals, the variation in the magnitude of the effects
of castration is remarkable. If animals are castrated
so that the production of testosterone is termi-
nated, 80% of cats cease to be able to ejaculate but
84% of dogs can still do so (Hart, 1985; Manteca,
2002). In female sheep and goats, male-like behav-
iour induced by testosterone includes most of the
distinguishable male components including mount-
ing and pelvic thrusting. In the intact ewe the dif-
ference between male and female behaviour
appears to be one of length of hormonal stimula-
tion (Lindsay and Robinson, 1964). A dose of
either oestrogen or testosterone can induce female
oestrous behaviour in ewes within 24 h.
Continuous stimulation by either of these hor-
mones can result in a progressive change from
female to male behaviour. Ewes treated in this way
are effective as males in inducing the ‘male effect’
in anoestrous ewes (Signoret et al., 1982).

Sex pheromones act through the olfactory sys-
tem, which includes the vomero-nasal organ and
the olfactory bulbs. Cats can respond to conspecific
urine scent marks by becoming reproductively
active, using the vomero-nasal organ for detection
of the pheromone (Meredith and Fernandez-
Fewell, 1994). The pheromones may be produced
in secretions of the genital organs, the skin glands
or occur in the urine, faeces or saliva. The steroid
compound produced in the boar and transmitted
by saliva foam to the female to produce the immo-
bilization reflex is a notable example of a
pheromone facilitating behaviour. The steroid is
released in the saliva when the boar courts the sow
and results in the characteristic immobile stance. A
sow in oestrus will give a standing response when
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this steroid in an aerosol is directed towards her
snout. With domestic sheep also, it has been sug-
gested that rams may stimulate oestrous activity in
non-cycling ewes through olfactory receptors in the
ewe. Extracts from the fleece of rams that can mate
with many ewes have a bigger stimulatory effect on
oestrous ewes in respect of their later lamb produc-
tion then extracts from rams that mate with few
ewes (Al-Merestani and Bruckner, 1992).

Seasonal and Climatic Breeding
Responses

Sheep characteristically limit their breeding activi-
ties to specific seasons. Whether ‘breeding’ is taken
to mean mating or parturition it is plain that, when
seasonal breeding occurs, the newborn is provided
with environmental circumstances favouring its sur-
vival to puberty. In cases where the young are born
at an inclement period it is found, as a rule, that the
rate of maturation is relatively slower in such
species and considerable time is needed for the mat-
uration of the young before they are subjected to the
stresses of their first full winter. The periodicity of
breeding is governed by the necessities of the young.
For the most part, however, seasonal breeding is a
consequence of the timing in mating behaviour.

In a seasonally breeding species, for example the
horse and goat, the reproductive activity by both
sexes is intensive in the breeding season and sub-
dued, reduced or absent during the remainder of
the seasons. The duration and intensity of oestrus
have been observed to alter with seasons. In the
mare, oestrus is normally longer in duration during
the season of full breeding than at other times. In
some breeds of cattle it has been variously noted
that significant differences in the duration of
oestrus occur with season. In breeds of sheep that
breed throughout most of the year, the intensity
and duration of oestrus have significant seasonal
variations. When the breeding season is a very lim-
ited one, the intensification of motivation for mat-
ing is evident in the male animals.

Temperature effects

Even with non-seasonal breeders, temperature
changes associated with climate may affect repro-
ductive behaviour. It is a frequent observation in
cattle-breeding organizations that a sudden spell of
cold weather is associated with a drop in the num-
bers of cows in oestrus. Some other species, such as

goats, indigenous to areas having equable climates
but with marked periods of rainfall, show degrees
of seasonal breeding in relation to rainy seasons. It
is often observed in indigenous cattle that breeding
becomes intensified with precipitation and the
associated rapid growth of herbage. Some native
breeds of cattle in West Africa are reported to show
increased reproductive activity in relation to rainy
seasons. Cold daily temperatures are considered to
have some slightly beneficial effect on reproductive
behaviour in sheep.

The effect of low environmental temperatures on
the intiation of the breeding season in sheep is real,
though slight. Cold days apparently hasten slightly
the onset of reproductive activity. It is widely
observed in the practice of artificial insemination of
cattle that a sudden spell of cold weather is associ-
ated for a short while with a drop in the number of
reported oestrus cases. In a study of 46,000 insem-
inations in cattle in central Europe, weather condi-
tions and occurrence of oestrus were correlated.
Good weather led to more cows coming on heat
but poor, deteriorating weather led to a reduction
in the incidence of oestrus.

In other cases, daily peaks of mating activity are
apparently associated with fluctuations in male sex
drive. Bulls and boars exposed to high tempera-
tures during the summer in hot climates show
marked reductions in libido. Libido is inhibited in
bulls in air temperatures of 40–50°C. These effects
are transient, however; if affected animals are
cooled by wetting, and libido quickly returns to
normal. It is common in South Africa to find boars
extremely inactive during the hot hours of the day,
sometimes totally ignoring the presence of oestrous
sows. Liberal wetting with cold water is usually
effective in improving the sexual activity of such
boars. The conclusion can be drawn that excess
body heat specifically inhibits libido but is only
temporary in effect. The heat of summer days in
central and southern Europe can adversely affect
reproductive functions in dairy cattle. This may
also be true of many other animals.

Inherent rhythm

As stated earlier, breeding rhythm is not just a
response to variation in the environment: environ-
mental factors only create the capacity for a
rhythm, which is endogenous, the environment 
acting as a zeitgeber or time-giver; this applies par-
ticularly to yearly periodicity. The better the
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endogenous factor, or inherent rhythm, is devel-
oped the more will the zeitgeber function merely as
a synchronizer of events. Breeding periodicity
results from the interaction of the two agencies of
environmental and internal rhythm together,
although the goat and the sheep both tend to main-
tain internal rhythm for about 1 year when trans-
ferred across the Equator. Among ewes sent from
the UK to South Africa, some immediately change
to the Southern Hemisphere breeding season while
others change slowly. Within 2 years, all such ewes
switch to breeding during the autumn months of
the southern hemisphere. An animal does not
possess just one rhythm but has a multitude of
rhythms in its physiological organization, with
each behavioural element having its own relation-
ship with the environment.

Daily patterns

Sexual behaviour in several species tends to occur at
particular periods of the 24 h day. Sheep, for exam-
ple, are observed to mate mostly around the hours of
sunset and sunrise, particularly the latter. In Welsh
Mountain sheep, most mountings by rams occur in
the early morning, about the time of sunrise. This is
mainly due to the fact that activity occurs commonly
about the hour of sunrise and also at sunset, and this
tendency is most evident in the early part of the
breeding season. The onset of mating activity
appears to become more uniformly distributed in
time as the breeding season progresses.

Although first signs of oestrus are at dawn,
evening twilight exists as a secondary peak period
of initial oestrous behaviour. The rams are active
throughout most of the 24 h period, going around
the paddock investigating ewes every 20–40 min. It
seems unlikely that the significant diurnal inci-
dences of mating in sheep reflect fluctuations in
libido, since such rams are usually found to have
satisfactory libido when hand matings are carried
out in the hours of the day when matings are sel-
dom seen to occur under natural conditions. This
points further to the role of the female rather than
the male in the crepuscular mating character of the
sheep.

In the Red Sindhi breed of cattle in Pakistan, the
onset of oestrus in 60% of cases occurs most often
at night. A preference for mating during the night is
evident in Brahman cattle and in various breeds of
Bos indicus, but this by no means precludes day-
time breeding. However, nocturnal mating is the

rule in the swamp race of the Asiatic buffalo (Bos
bubalis bubalis). By contrast, the river race of
Asiatic buffalo practises daytime mating.

Some domestic animal species are long-day
breeders, for example, the horse and donkey, whilst
short-day breeders include sheep and goats. The
domesticated horse breeds in the spring and early
summer but the Przewalski horse, the closest
remaining link with the prehistoric horse, breeds in
the summer. Mares do not have an absolute anoe-
strous season in winter, and it has been estimated
that only about 50% of mares go into true
anoestrus at this period. Many breeds of sheep at
tropical and near tropical latitudes breed at all sea-
sons. In general, among those species that manifest
seasonal reproduction, long-day breeders are those
having long gestation periods (9–11 months), and
short-day breeders have short gestation periods
(5–7 months).

In most species, the breeding season appears to
be controlled not by a single factor but by a combi-
nation of external stimuli, including behavioural
ones. These vary in different species but, neverthe-
less, act through sense organs and mediate the
internal rhythms of the individual through the
hypothalamus and pituitary.

Illumination

Amongst the external factors in seasonal reproduc-
tion, photoperiod is the principal agent. In female
sheep, the natural stimulus for seasonal breeding is
shortening day length. Experimental attention to
this phenomenon has been principally directed at
bringing sheep into heat outside their normal
breeding season by exposing them to schemes of
diminishing periods of light per day. Oestrus can be
induced in all ewes treated with 16 or 17 h of dark-
ness for 1 month (Fraser, 1968). Extra-seasonal
breeding can also be induced in goats treated with
an artificially controlled light:dark ratio. Gradual
light reduction can induce heat periods in goats.
Conversely, increasing light results in the cessation
of oestrous cycling in the goat.

In the goat there seems to be a natural need for
daily light and dark, in a ratio of approximately
1:1 or more, for full breeding function. This
approximate ratio is available virtually all the year-
round in the tropics and between the autumnal and
vernal equinoxes in the high latitudes. In the tropi-
cal locations, no season is encountered in which
reproductive reduction amounts to impotence.
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However, it is noteworthy that in wet weather in
the tropics the general behaviour of goats is of an
inactive character, and precipitation can create a
demarcated breeding season.

The breeding seasons of the sheep and goat are
determined in most instances by the times when the
majority of females come into oestrus. Rams have
been found to be lacking in libido during the anoe-
strous period, but rams penned and subjected to
controlled light breed out of season. The sexual
behaviour in male goats also demonstrates seasonal
variation. In the autumn sex drive is strong and, 
in the period from spring to autumn, sex drive is
relatively weaker.

Responses to artificial photoperiodism have
been observed in the horse, but since this animal is
a long-day breeder it is found, as expected, that

increased light is the positive stimulus. Mares of the
Shetland breed, a breed with a very restricted
breeding season, can be made to undergo sexual
rhythm by irradiation with strong artificial light. It
is found in the northern latitudes of Japan that an
additional 5 h of artificial light after sunset during
the month of November improve sex drive in the
stallion.

Further Reading

Physiological responses to seasonal factors

Sjaastad, Ø.V., Hove, K. and Sand, O. (2003) Physiology
of Domestic Animals. Scandinavian Veterinary Press,
Oslo.
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17 Sexual Behaviour

Introduction

Three characteristics of female mammals are of par-
ticular importance in their effect on the likelihood of
successful mating behaviour: attractiveness, procep-
tivity and receptivity (Beach, 1976). Attractiveness,
or attractivity, is measured by the extent to which a
female evokes sexual responses from males. This
will depend upon odours that she produces, visual
qualities, etc. and on her proceptivity, the extent of
invitation or soliciting behaviour. Receptivity is the
willingness of the female to accept courtship and
copulatory attempts by the male. Variations occur in
the degree of attractiveness, proceptivity and recep-
tivity of female mammals in oestrus.

The Female

Oestrus is the state during which the female seeks
and accepts the male. The behavioural features are
synchronized with various physiological changes
of the entire genital system essential for mating and
fertilization. The signs of oestrus are characterized
for each species (see Table 17.1), but variations

occur between individuals. The usual routines of
behaviour are disturbed during overt oestrus and,
typically, there is a reduction in ingestive and rest-
ing behaviour, while locomotor, investigative and
vocal behaviour are increased. 

The term oestrus applies principally to behav-
iour, but it must be acknowledged that it also
describes some internal physiological processes.
Although the two facets of oestrus can occur sepa-
rately, this is rare, and it is normal for them to exist
simultaneously.

Features of oestrous intensity

The dichotomy of the discrete physiological and the
overt behavioural characteristics of oestrus is evi-
dent in the condition known as silent oestrus.
Oestrus can sometimes be so subdued as to be virtu-
ally undetectable. This constitutes a problem in pig,
cattle and horse breeding (Hemsworth et al.,
1978a). Sub-oestrus indicates a very low intensity of
oestrus. The term ‘silent heat’ is unsatisfactory for
the condition in which oestrous behaviour is appar-
ently absent in an animal that is, nevertheless,
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Table 17.1. Behavioural characteristics of oestrus in farm animals.

Animal Typical oestrous behaviour

Horse Urinating stance repeatedly assumed; tail frequently erected; urine spilled in small amounts; clitoris
exposed by prolonged rhythmical contractions of vulva; relaxation of lips of vulva. Company of other
horses sought; turns hindquarters to stallion and stands stationary.

Cow Restless behaviour; raises and twitches tail; arches back and stretches; roams bellowing; mounts or
stands to be mounted; vulva sniffed by other cows.

Pig Some restlessness may occur, particularly at night from pro-oestrus into oestrus. Sow stands for ‘riding
test’ (the animal assumes an immobile stance in response to haunch pressure). Sow may be ridden by
others. Some breeds show ‘pricking’ of ears.

Sheep May be a short early period of restlessness and courting ram. In oestrus proper ewe seeks out ram and
associates closely with it; may withdraw from flock. Remains with ram when flock ‘driven’.

Goat Restless in pro-oestrus. In heat most striking behaviour includes repeated bleating and vigorous, rapid
tail waving; poor appetite for 1 day.



undergoing the ovarian changes typical of oestrus,
since ‘heat’ implies intense oestrous behaviour.

In cows and mares, silent oestrus and sub-
oestrus can be detected by repeated manual palpa-
tion of ovaries per rectum so as to ascertain
progressive cyclical changes in the ovary of the
anoestrous subject. It is important to differentiate
between sub-oestrus and anoestrus, the latter hav-
ing quite different causes and implications.
Paradoxically, the animal in sub-oestrus is poten-
tially fertile although mating capacity is absent.

Anoestrus is the condition in which a female 
animal fails to show cyclic recurrence of oestrus.
Anoestrus normally occurs, of course, when the ani-
mal is pregnant or when it is in its non-breeding sea-
son. Some animals in the non-breeding season and
some pregnant animals will occasionally show
oestrus. Sub-oestrus and anoestrus can occur in high-
producing, metabolically challenged animals. For
example, Esslement and Kossaibati (1997) in the UK
and Plaizier et al. (1998) in Canada have reported
that a high proportion of dairy cows failed to con-
ceive as a consequence of failing to show oestrus.

Cattle and goats in general employ vocalizations
in oestrus, presumably to summon and maintain
the attendance of the male. In addition, the vocal-
izations of many males appear to have considerable
effect on the manifestation of oestrus in the female.

Cattle and goats bellow and bleat while in
oestrus and the ewe also can occasionally be heard
to bleat during heat. The sow is reported to make
grunting sounds in heat and it is in this species par-
ticularly that the effect of male vocalization on the
manifestation of oestrus in the female has been
most closely studied. Although the influence of
boar odour on heat manifestation appears to be
considerable, the chant de coeur of the boar is a
more effective stimulus than odour in the induction
of sexual receptivity in the sow.

Duration of oestrus

Few animals have a normal oestrous cycle that is so
notoriously irregular in duration as the horse, and
this irregularity is found in the horse at all lati-
tudes. Although the mare usually remains in heat
for fully 1 week, it can last much longer. A com-
mon range in the duration of oestrus in the mare is
4–10 days. Shorter heats more often occur as the
breeding season progresses (see Table 17.2).

Although it is considered that the true oestrous
period of cattle lasts 18–24 h, some variation is
reported in them also. A significant seasonal differ-
ence occurs in the average duration of bovine
oestrus. Oestrus has an average duration of 15 h in
the spring as compared with 20 h in the autumn.
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Table 17.2. Temporal features of oestrus in the mare.

Occurrence

Feature Average Range Remarks

Age at first oestrus (months) 18 10–24 Breed variations occur

Length of oestrous cycle (days) 21 19–26 Length of cycle is largely dependent on
length of oestrus, e.g. 5-day oestrus has
21 days’ average cycle; 10-day oestrus
has a proportionally longer cycle (26
days).

Duration of oestrus (days) 6 2–10 Heat periods early in breeding season are
usually long (10 days) and tend to get
shorter as breeding season advances

First oestrus post-partum (days) 4–9 4–13 Ninth day after foaling is common time

Breeding lifespan (years) 18 16–22 Breed variations occur

Breeding cycle Seasonally polyoestrous; natural breeding season is spring and summer
season (i.e. seasons of increasing light) in either northern or southern
hemispheres; extended breeding time in tropics; nearer the Poles the
breeding seasons are very restricted, also a feature characteristic of 
northern breeds, e.g. Shetland pony



The oestrous period is considered to be shortened by
mating. Heifers, when mated to vasectomized bulls,
tend to ovulate earlier than those not mated. The
period of receptivity is shortened in many cows after
natural service, by as much as 8 h when natural cir-
cumstances are provided and repeated matings take
place. It is also observed that, when some female ani-
mals are ‘teased’ with vasectomized males, the dura-
tion of oestrus is slightly shorter than otherwise.
This substantiates the recognition that oestrus is not
under endogenous control alone and that its mani-
festation is subject, in part, to environmental factors
including bio-stimulation (Esslemont et al., 1980).

The heat duration in the sheep appears to be
under influences very similar to those in the cow.
No seasonal difference in duration of oestrus
apparently occurs in Merino ewes, but Merinos
have shorter oestrous periods than some other
breeds. Mating appears to reduce the heat period in
the sheep (see Table 17.3).

The determination of the duration of oestrus in
the ewe has been based on the period thoughout

which the male will mate with the ewe. Several
experiments have shown, however, that a decline in
the ram’s libido, specifically for the individual stimu-
lus ewe, occurs after a number of matings and, when
a fresh stimulus ewe is presented, there is restoration
of libido. This suggests the possibility that duration
of oestrus in the sheep, as estimated by the course of
mating with a given ram, may be frequently underes-
timated. Heat periods of 3 days’ duration have been
noted in Suffolk and Cheviot ewes.

The length of the period of oestrus in the goat is
sometimes longer than the usual estimates in sheep.
The limits of the goat’s heat period are more easily
determined because of the clearer signs of heat in
this species. The period of oestrus is 1–3 days
(average 34 h) in most goats.

Post-partum oestrus

Since complete involution of the uterus requires
several weeks following parturition in all animals,
there are no physical grounds for expecting oestrus
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Table 17.3. Temporal features of oestrus in sheep and goats.

Occurrence

Feature Average Range Remarks

Sheep
Age at first oestrus (months) 9 7–12 Usually occurs in first autumn when well grown
Length of oestrous cycle (days) 16.5 14–20 Very long intervals usually indicate intervening 

silent heat
Duration of oestrus (h) 26 24–48 
First oestrus post-partum Spring or autumn Some ewes show oestrus while lactating
Cycle type Seasonally polyoestrous Seven–13 heats per season according to breed, 

‘silent heat’ commonly precedes overt oestrus
Breeding life-span (years) 6 5–8 Short breeding life for hill ewes
Breeding season Precedes shortest day of Northern breeds (e.g. Blackface) have shorter

year but varying in extent season than southern breeds (e.g. Suffolk,
according to breed Merino), latter can breed biannually

Goat
Age at first oestrus (months) 5 4–8 Kids born in spring show oestrus in autumn of 

same year
Length of oestrous cycle (days) 19 18–21 Short, infertile cycles (e.g. 4 days not uncommon);

short cycles in tropics
Duration of oestrus (h) 28 24–72 Seldom less than 24 h
First oestrus post-partum Autumn Tropical breeds can sometimes be bred while

lactating
Cycle type Seasonally polyoestrous Eight–10 heat periods
Breeding lifespan (years) 7 6–10 Shortest in tropical breeds
Breeding season Commences around September to January in northern hemisphere;

autumnal equinox extensive season in tropics



to occur soon after parturition. However, several
show normal heats very soon after parturition.

The mare is the best-known example of a species
showing early oestrus after parturition. This early
heat is called the ‘foal heat’ and occurs on average
about 9 days after the birth of the foal. The foal
heat is often short and is of low fertility, but is oth-
erwise apparently normal. It has been observed
that 65–69% of mares of most breeds show oestrus
not later than the 20th day after parturition.

Heat is not rare in sows about 3 days after far-
rowing. Cattle show a much more delayed heat
after calving, and this heat is further delayed if the
subject is nursing a calf or is being milked fre-
quently each day. In Red Sindhi cows after calving,
cows whose calves were weaned at birth returned
to oestrus in 110 days as compared with 157 days
for cows whose calves were not weaned. In most
European breeds of cattle, the first oestrus occurs at
an average of 31.7 days after normal calving. The
wide variation in the heat interval in dairy cattle is
commonly taken to be associated with the rate of
milk production, with high-producing cows taking
longer to show the first post-partum heat. Cows
running with a bull after calving show heat about
27 days earlier than similar cows without exposure
to a bull. The heat interval is commonly about 6
months after calving among dairy cattle that nurse
their calves.

A number of sheep of various breeds that have sea-
sonal breeding rhythms show heat quite soon after
lambing, before the onset of their anoestrous season.

Oestrous behaviour

Dogs

The bitch becomes more excited during oestrus but
does not normally show new patterns of behaviour.
In the presence of a potential mate, and not all
male dogs elicit such behaviour, she presents her
hindquarters with some lateral movements. In gen-
eral, the pre-copulation behaviour is passive
(Manteca, 2002).

Cats

The female cat increases the level of activity, is more
vocal and shows more marking behaviour. She is
more tolerant of male presence and shows lordosis.
This involves keeping the ventral surface in contact
with the ground and raising the hindquarters
(Manteca, 2002).

Sheep

Relatively quiet heat is the rule in sheep rather than
the exception. Oestrus in the ewe is extremely diffi-
cult to detect if there is no ram in the flock. But,
with a ram in the immediate environment, it is
usual for the ewe in oestrus to associate closely
with it for most of a 24 h period. Ewes frequently
initiate the first sexual contact by seeking out the
ram and thereafter following the ram while heat
persists. Sometimes, the ewe will rub herself against
the ram. Further behavioural evidence of oestrus
sometimes appears as tail-shaking, but this occurs
only at mating. Different grades of intensity occur
in the sex drive of ewes, although the general mat-
ing pattern is similar in all. Many ewes in oestrus
actively seek out the male and, when a choice of
ram is possible, it is the most active ram that is gen-
erally chosen. Since ewes in oestrus visit a penned
ram, the use of funnel gates can allow their identifi-
cation because they become trapped in a pen close
to the ram.

Goats

In sharp contrast to the sheep, the manifestation of
oestrus in the goat has very marked behavioural
signs. Goats of any breed probably show more con-
spicuous oestrous behaviour than any other farm
animal. For the 1–2 days of oestrus, the female
demonstrates a rapid tail-waving: the upright tail
quivers vigorously from side to side in frequent
bursts of flagging. There is repeated bleating
thoughout oestrus, the animal eats less than usual
and has a tendency to roam.

Cattle

It is uncommon for very intense manifestations of
oestrus (for which the term ‘heat’ should perhaps
be reserved) to be observed in cattle. Signs of such
oestrus include general restlessness, raising and
switching of the tail, arching or stretching of the
back, roaming and bellowing. The most noticeable
element of behaviour, however, is the mutual riding
that takes place between the oestrous subject and
conspecifics. These are often the closest social asso-
ciates of the subject. Ultimately, it is the cow in
oestrus that stands to be ridden, but this does not
wholly preclude the subject, in its turn, riding oth-
ers, male or female.

The behavioural signs of oestrus in cattle include
the following points:
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● There may be an increase in general activity in
ways that could be generally termed restlessness;
however, during medium-flow oestrus, this may
be slight or absent.

● The oestrous cow bellows more than usual.
● Grooming activities, in the form of licking other

animals, are increased.
● Typically, the oestrous cow frequently makes

mounting attempts on cattle; when several cattle
in a group have been prompted to mount each
other, through the initial activity of the oestrous
cow, it may become difficult for an observer to
identify the cow in the group that is in true
oestrus, but when one animal in particular is
standing to be mounted by others it is usually
the animal in oestrus.

● Oestrous cows often show jerky movements of
the vulval region; arching of the back and
stretching of the back are also frequently shown.

● Some degree of appetite reduction occurs during
the most intense manifestations of oestrus.

● Oestrus lasts for a period of 12–24 h and is
commonly observed to be of shortest duration in
young cattle.

Considerable variation occurs in both the intensity
of oestrus shown and the degree of notice taken of
an oestrous subject by other cattle in the group.
Only a small proportion of the group participate
in mounting the oestrous animal. When two or
more heifers are in heat, one is usually the more
attractive to other heifers. For cows, on average,
no great similarity in mounting attraction or
expression of oestrus at successive heats is shown.
The stage within the oestrous period does not
appear to influence the mounting behaviour of
others. A few cows are consistent in the intensity
of their heats.

Ovarian dysfunction alters the nature of repro-
ductive behaviour. Typically, it manifests itself either
by anoestrus or by abnormal oestrus. Follicular
cysts are the most common cause of both types of
syndrome. Most other forms of ovarian dysfunction
suppress oestrus. With oestrus suppression, two
types of syndrome occur, namely sub-oestrus and
anoestrus. The two syndromes are sometimes
confused but have very different significance.

In sub-oestrus, the ovary of the animal exhibits
the normal cyclical changes without overt oestrus
occurring. Some cases with histories of anoestrus
can reveal evidence of full ovarian function on rec-
tal palpation by the presence of either an active

corpus luteum or a graafian follicle: these cases are
properly diagnosed as sub-oestrus. Sub-oestrus is
of common occurrence in the early post-partum
period. Poor or inadequate observation by atten-
dants, for example, may result in erroneous use of
sub-oestrus because oestrus is short or occurs at
night. ‘Silent heat’ is a stockman’s term used syn-
onymously with sub-oestrus.

Anoestrus is only a symptom and is not in itself
an independent disorder. It must always be remem-
bered that pregnancy is a principal cause of
anoestrus. Anoestrus under other circumstances
requires special consideration as a symptom of sev-
eral types of ovarian dysfunction.

Arrested ovarian function without a responsible
lesion is not infrequently associated with anoestrus.
In such cases no gross physical abnormality may be
present in the ovaries, but these are found to be
smooth-surfaced, being free of corpora lutea and
graafian follicles. The condition may be a conse-
quence of high production pressure or other envi-
ronmental adversity. It often has the status of a
herd problem in very large dairy herds.

Horses

The mounting behaviour between females so typi-
cal of oestrus in cattle is not observed in mares.
Oestrous behaviour in mares shows a range of
characteristics peculiar to this species (Fraser,
1970, 2003). The intensity of oestrous behaviour
varies. A mare in oestrus frequently adopts a uri-
nating stance. During these periods of straddling,
mucoid urine is ejected in small quantities, which
may splash at the animal’s heels. Following this, the
animal maintains the straddling stance for a time
with the hind limbs abducted and extended. The
tail is elevated so as to be arched away from the
perineum. The heels of one or other hind hoof are
commonly seen to be tilted up off the ground, so
that only the toe of that hoof remains touching the
ground. While this stance is maintained, the animal
shows flashing of the clitoris by repeated rhythmic
eversions of the ventral commissure of the vulva
(see Fig. 17.1). The duration of equine oestrus is
4–6 days, on average, but varies, some lasting only
1 day and others lasting up to 20 days.

The company of other horses is sought and par-
ticular interest is shown towards the male. In the
presence of the stallion, the mare in typical heat
will direct her hindquarters towards him and adopt
a stationary stance. It is found, however, that some
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mares of fractious temperament, though in heat,
may kick forcefully on being mounted by the
stallion.

There are several types of irregularity in equine
oestrus. In the mare, as in the cow, a form of ovar-
ian dysfunction can be clinically recognized in
which there is follicular development in the ovary
without an associated behavioural oestrus being
detected. This sub-oestrus is commonly referred to
as ‘silent heat’. Normal ovulations usually occur in
these cases.

Excessive displays of oestrus or ‘nymphomania’
are encountered in mares, but this condition is not
associated with true cystic ovarian disease.
Nymphomania seems to be a condition of ‘tran-
sient persistence’ of one or more follicles, which
eventually regress or ovulate spontaneously. The
term nymphomania may also be used by horse
breeders to describe excessive oestrus manifesta-
tions within a normal oestrous period. A mare with
normally recurring oestrous cycles could be in heat
22% of the time. There is great variation in the age

at which young mares attain normal ovarian activ-
ity, as evidenced by polyoestrus.

Seasonal anoestrus is not uncommon in the win-
ter in northern countries: European countries often
report an incidence of about 50% of winter
anoestrus in mares. The incidence in North
America is at least as high as this and, in Canada, it
is considered normal for most mares to be in sea-
sonal anoestrus during the winter.

Oestrus in the mare can, in some cases, be
shown without associated follicular development
on either ovary. In some of these cases the behav-
ioural signs of oestrus can be quite intense.

Pigs

One salient feature of oestrous behaviour in the
sow is the adoption of an immobile stance in
response to pressure on the back. In pig-breeding
practice this is often supplied by the animal atten-
dant pressing the lumbar region of the sow or sit-
ting astride the animal. The onset and the
termination are gradual and of low intensity, but
the ‘standing’ period is well defined and lasts less
than 1 day on the average. The oestrous sow is
sometimes restless when enclosed, this being rather
more noticeable during the hours of night. Some
breeds, particularly those with erect ears, show a
conspicuous pricking of the ears in full heat. The
ears are laid close to the head, turned up and back-
wards and held stiffly. ‘Ear pricking’ is often shown
when some movement is taking place behind the
animal. Mutual riding is very much less common
than in cattle, but the subject in heat is often ridden
by other females. Occasionally, among groups of
sows, one particular sow will perform most of the
riding.

While the level of oestrous behaviour expressed
by the gilt influences her fertility, factors exist in 
the environment that are capable of affecting 
the expression of oestrus. The level of oestrus
expressed can be determined by the back-pressure
test in the presence of a boar, based on the willing-
ness of the gilt to stand and on the duration of this
standing response.

Oestrous stimuli

It is now recognized that, for oestrous responses to
be shown in complete form, in many domestic ani-
mals it is necessary for some form of stimulation to
be provided. Male attendance, which supplies

150 Domestic Animal Behaviour and Welfare

Fig. 17.1. Oestrous display in the mare showing 
tail-arching, hind limb abduction, toeing the ground, etc.
(photograph courtesy of A.F. Fraser).



prompting behaviour, is now appreciated as being
an important contributor to oestrous displays in
females. This male influence on oestrous behaviour
parallels the ‘Whitten’ effect, in which oestrus in
mice can be synchronized and induced by the intro-
duction of a male mouse into a colony of females.
The majority of the females come into oestrus as a
result of being exposed to a specific odour from the
male animal. There is evidence that this type of
phenomenon may also occur among farm animals
(see Fig. 17.2).

The introduction of a ram to a flock of ewes can
influence the commencement of the breeding sea-
son in that flock, even without the ram having
physical contact with the female members of the
flock. Ram influence, being provided under practi-
cal conditions by ‘teaser’ rams, undoubtedly brings
on seasonal breeding activities in ewes more rap-
idly than occurs when they are left in an all-female
group. The masculine stimulus provided by the
sight or by the sound or odour of the ram can influ-
ence the breeding behaviour of ewes some distance
away from the ram.

Boars provide a range of stimulating factors in
the form of elaborate nudging and highly specific
vocalization, together with the production of
pheromones, in order to induce maximum oestrous
responses in sows.

In several experiments in which teaser bulls are
run with groups of newly calved cows, the so-called
teased animals show signs of oestrus much earlier

than similar cows in control groups. Breeding
behaviour may be shown 4 weeks earlier in the
teased group than among controls.

Oestrus can be prompted or induced to some
degree by genital stimulation in ways resembling
phenomena of the ‘Whitten’ type. Genital stimula-
tion is evidence by nuzzling, nudging and licking
about the perineal region in the pre-coital behav-
iour of cattle, sheep and goats. Stimulation
afforded by the presence of the male in a group of
females, in addition to inducing oestrus, has the
added result of affecting most of the female popu-
lation simultaneously. In consequence, oestrus,
which has been prompted by biostimulation, shows
varying degrees of synchronization (see Fig. 17.2).

When the ram is turned out with a flock there is
a high incidence of oestrus 18–20 days later. The
introduction of a ram serves as a stimulus to termi-
nate the anoestrous season and results in a degree
of synchronization of heats. Vasectomized teaser
males in goats and sheep prompt the manifestation
of oestrus in 91 and 97% of the females of the two
species, respectively, after a latent period of 1
month. Stimulation by the ram is especially effec-
tive during the transition from the non-breeding
season to the breeding season of the given breed,
and also at the end of the breeding season. This
synchronization of oestrus – and hence of parturi-
tion – has the result that many lambs are born at
the same time. Where predation of lambs is heavy,
lamb survival is more likely if many are born in a
short period. If rams stayed with ewes, synchro-
nization would be much less likely to occur, so a
gene that promoted the separate flocking of males
and females prior to the breeding period would
spread in the population.

The Male

Libido

Libido is an internal state that, is measured by the
likelihood of showing sexual behaviour given
appropriate opportunity. This develops at puberty
and is primarily dependent on sensory input and
the production of hormones such as testosterone.

Measurements of sex drives in male animals
have included: (i) number of ejaculations in an
exhaustion test; (ii) the reaction time (delay before
ejaculation); (iii) proportion of failures to mount;
and (iv) proportion of failures to ejaculate.

In dogs, sexual activity occurs at relatively low
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concentrations of plasma testosterone. Fifty per
cent of male dogs show sexual behaviour when
their plasma testosterone concentration is only
about 12% of that typical for intact male dogs
(Nelson, 2000). In any attempt at measuring sex
drive, a constant stimulus is needed. However,
bulls, in the presence of a constant stimulus animal,
show a gradual decrease in the number of ejacula-
tions per unit of time until no further responses
occur. The loss of response to a given stimulus ani-
mal may not interfere with the degree of response
to other animals, but the recovery of sexual
response to the same stimulus animal ranges from
poor to complete after an interval of 1 week.

Although sexual reaction times in male animals
can be influenced by a variety of somatic and psy-
chological factors, estimation of the reaction time
provides a simple and, ordinarily, reliable measure-
ment of libido. Reaction times of bulls, rams and
stallions remain almost constant over intervals rang-
ing from 1 to 20 days. After the first ejaculation, reac-
tion time increases with successive copulations as
repeated breeding progresses. It has been found that
the mean reaction time of four random observations
spaced well apart gives an extremely reliable indica-
tion of the long-term sexual responses of the animal.

Some variations in libido can have quite consid-
erable consequences in farm economics. In the bull,
libido varies in degree between age groups and
between breed types. In general, a lower level of
libido is found in beef than in dairy breeds.
Comparing the species, the highest levels of libido
are generally noted among the seasonally breeding
animals, for example rams (Banks, 1964). Those
species that concentrate their breeding season into
relatively short periods require high levels of libido
for effective reproduction during that time.

The level of libido may change as a consequence
of various factors. Animals of some strains have
low libido; unwise selection can permit its propaga-
tion and there is evidence that this has occurred in
some of the beef breeds of cattle. Young rams usu-
ally show low libido after introduction to a new
group (Holmes, 1980). Also, there are physical
changes that occur in ageing bulls that are known
to reduce their sex drive. An animal experiencing
discomfort or even pain during movement in
mounting will, in time, have his breeding behaviour
impaired. Obesity in stud animals often contributes
to low libido. Some skeletal defects such as arthritis
are also a common cause of poor motivation in
breeding behaviour.

Seasonal fluctuations are widely observed in the
libido of the male goat and sheep. During each breed-
ing season, a level of libido is reached. In tropical
locations, seasonal waxing and waning of libido may
not occur in some sheep. In Africa, the mean libido is
consistent throughout the year in the breeding activi-
ties of rams and goats. Rams and male goats are
found to show seasonal reductions in libido, occur-
ring mainly in the summer season (Fig. 17.3).

When entire male animals experience complete
loss of their sex drive for some reason or other, they
may seek out the company of other male animals of
the same species. The bachelor groupings that
result when such male animals gather together are
a phenomenon that has been observed in many
species of free-living animals. Bachelor groupings
can be noted when large numbers of bulls run
together. They are also seen among rams during the
long non-breeding season of the year.

Courtship and Mating

Courtship

Courtship behaviour in dogs is often relatively brief
and involves the male drawing attention to himself,
sometimes with apparently playful, bowing move-
ments (Manteca, 2002).

Courtship in ungulates involves male and female
behaviour, but males are often more active. Many
pre-coital components of behaviour tend to be
species-specific. These include nosing of the
female’s perineum, nudging, flehmen (see below),
flicking out of the tongue, striking out with a fore-
limb and low-pitched bleating. Butting of the
female’s hindquarters is also occasionally seen in
both of these species. Mounting intention move-
ments are sometimes shown by males, as in all live-
stock. The behaviour of courtship includes three of
its salient components, viz. female-seeking, nudg-
ing and tending. The seeking by males of females in
oestrus goes on almost continuously under free-
breeding conditions. Nosing the perineum and the
hindquarters of females is a common male activity.
Many male animals, such as rams and boars, will
actively pursue females in pro-oestrus. Nudging
behaviour prompts the female to move forwards.
In oestrus, the female may respond with a station-
ary stance. This facilitates mating and provides
reciprocal stimulation for the male.

In tending behaviour, the male maintains close
bodily contact and association with the female.
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Both sexes contribute to this temporary alliance. In
the tending-bonding of ungulates there are often
phases when the male animal rests his chin over the
hindquarters of the female. This chinning behav-
iour is notable in cattle and represents testing by
the male of the female’s receptivity by tactile sense.

Male sexual behaviour

During the sexual display of a male cat he emits
characteristic vocalizations and shows much urine
marking. He investigates the vaginal secretions of
the female, using flehmen responses, and may grasp
the neck area of the female (Manteca, 2002).

One of the behavioural components of male sex-
ual display in all hoofed stock except the pig is
flehmen. In this, the animal fully extends the head
and neck, contracts the nares and raises the upper
lip while taking shallow breaths. It occurs most
usually subsequent to smelling urine and nosing the
female perineum and is a form of odour-testing.

The sheep and the goat have components in their
courtship activities that are extremely similar
(Lindsay, 1965; Price et al., 1984b). They include
the following acts: nosing the perineum, nudging,
olfactory reflex, flicking of the tongue, striking out
with a forelimb and low-pitched bleats. The male
goat has a large repertoire of such acts, including
some others such as: (i) urine-spilling on to the
forelegs, resembling urine-spilling on to the hind
feet in reindeer; (ii) butting the female’s hind-

quarters, resembling a component of bull behav-
iour; and (iii) false mounting attempts, such as
occur in some other species, particularly the horse.

Bulls often pump their tailheads and pass small
amounts of faeces in pre-coitus. Male activities
include: (i) threatening and displaying; (ii) chal-
lenging and contesting; (iii) signposting and mark-
ing; (iv) searching and driving; and (v) nudging and
tending.

The threat display of the bull occurs as a physio-
logical state of fight-or-flight. In this state, the animal
arches his neck, shows protrusion of the eyeballs and
erection of hair along the back. During the threat
display the bull turns his shoulder to the threatened
subject.

The threat display of the stallion involves rearing
on his hind legs and laying back the ears. Threat
displays are rarely shown by rams towards humans
but, nevertheless, forms of threat are exhibited in
the presence of other potential aggressors and in
these circumstances the threat display usually
involves vigorous stamping of a forefoot. The
readiness with which threat in any form is dis-
played varies and reveals something of the male’s
temperament.

A challenging bull may show the following
behaviours: (i) the bull paws vigorously at the
ground with a forefoot, with the head lowered; this
pawing or scraping breaks up soil, which is
scooped over the animal’s withers, where it may
gather as an earthy mantle; (ii) the animal rubs the
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side of its face and its horns into the area bared by
pawing; this is done with the animal kneeling and
with some vigour; and (iii) the bull stands station-
ary, repeatedly bellowing with a broken voice.

Male animals may engage in behaviour that
defines a defended area. Pawing and horning
behaviour by bulls creates bare patches of earth,
and these patches located throughout his territory
are clearly a claim to possession of a given area
(‘stamping ground’). Stallions also claim territory:
they do this at pasture where they urinate and
defaecate at selected spots. Given suitable territory,
they mark it in this fashion, returning from time to
time to defaecate and urinate again in the same
places. These activities apparently serve the dual
purpose of marking male territory and priming
female sexual responses by pheromones.

Searching for breeding females, and then driving
them before them, is an activity of some male ani-
mals. Male seeking females in oestrus may do so
actively. Nosing the perineum and the hindquarters
of females is a frequent male activity in various
mammalian species (see Fig. 17.4).

The key stimulus required to elicit sexual behav-
iour in the male is simple in the case of the bull.
Bulls will mount and attempt copulation with a
dummy consisting of a covered frame. The basic
releaser for mounting in the bull is in the form of
an arch or bridge of appropriate dimensions.

A simple dummy or ‘phantom’ cow is used in
some programmes of bull testing. Of 2500 bulls,
90% mounted the dummy. When given a choice,
however, bulls preferred a live cow. The visual
stimulus is considered to be of paramount impor-
tance in the bull. Bulls that are blindfolded will still
serve, however, and clearly other stimuli operate.
Olfactory cues are of great importance in the bull
and the stimulus provided by the sight of a sexual
object may be enhanced by the olfactory stimuli
released by an oestrous female in her urine. The
internal and external stimuli, involving condition-
ing and all the senses, are temporarily cumulative
and the threshold may be exceeded by one, some or
many stimuli according to the responsiveness of the
subject.

In practice it is found that changing the stimulus
animal or the setting results in a greater number of
ejaculations per unit time in the bull and sheep.
Sexual responsiveness in the male sheep can be
readily restored, after exhaustion with one ewe, by
presenting a fresh, unmated ewe. Changes of
species can have an adverse effect; for example, the

responses of jackasses are poorer to mares than to
jennies. Young boars with experience of natural
mating take longer to respond to the dummy sow
than do similar young boars without experience of
natural service. In certain circumstances the male
animal can be abnormally stimulated. Restriction
and homosexual groupings of intensively confined
animals are liable to produce abnormal intra-
specific sexual behaviour.

Some breeds of domestic sheep and goats have
such an intense breeding period that there are resem-
blances to rutting. The fighting that occurs between
Blackface rams at the outset of their breeding season
closely resembles a rut. Head-on charges between
rams can be so forceful that ruptures sometimes
result from the impact. Fighting between breeding
males can be merely mock battles from which no
serious injuries result; but, on the other hand, such
contests can be very real, vigorous and potentially
harmful to the participants. Among domestic stock
it would be extremely unwise to allow adult breed-
ing males to fight on the assumption that the contest
will be a mock, ritual event. Fatal trauma too often
results in such circumstances.

Mating behaviour

Coitus in most domestic mammals has its timing so
arranged that most spermatozoa are introduced
into the female genital tract before the ovum is lib-
erated from the ovary. Initial copulations are cen-
tred mainly in the earlier part of oestrus, with
repetitions of mating occurring in the later part.
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Fig. 17.4. Stallion nipping the hind leg of an oestrous
mare during courtship (photograph courtesy of A.F.
Fraser).



Mating results from the emergence of oestrous
behaviour in the female and the activation of male
sexual behaviour. Copulation in cats is relatively
brief but is repeated. In dogs, however, copulation is
prolonged by a ‘genital block’ lasting 10–30 min,
during which the penis cannot be withdrawn
(Manteca, 2002). Both sexes of ungulates make
equivalent contributions (see Fig. 17.5); the male
contribution to mating is summarized in Table 17.4.

Pre-coitus, the basic response of the male is ori-
entation towards the female. The male ungulate
typically aligns himself behind the female, in the
same long axis, until mounting occurs. Deviated
stances occur in close association with impotence
characterized by diminished drive. In the deviated
pre-coital stance the male animal, while keeping his
head at the hindquarters of the female, turns his
body away from her alignment. Such disalignment
sometimes precedes impotence, thereby allowing
the latter to be forecast under conditions of con-
trolled mating. Deviated position is held character-
istically for lengthy periods of several minutes, and
the angle of disalignment appears to be greater
with more complete forms of impotence.

The salient component in mating behaviour is
mounting. The neuro-ethological mechanism for
the activity of mounting differs from that mediat-
ing intromission. Mounting by both sexes is seen in
some species; it is particularly common in cattle.
Female cattle will mount each other even when
there is a male present in the group. The pig is
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Fig. 17.5. Oestrous mare being tested for receptivity: in
this case there was a positive response (photograph
courtesy of A.F. Fraser).

Table 17.4. Coitus in farm livestock.

Male reaction
time (min) Pre-coital behaviour of male Manner of intromission

Stallion
Averages about 5 Noses genital region; genital One to four mounts; several pelvic

olfactory reflex; bites croup oscillations; terminal inactive phase
region; penis erects fully

Bull
Mode 2 Noses vulva; genital olfactory Single pelvic thrust coordinated with clasp
Mean 12 reflex; alignment; licks reflex
Mean of beef hindquarters
breeds 20

Boar
1–10 Approaches sow giving series of Short protrusions of spiral penis repeated till

grunts; noses vulva vigorously; intromission occurs; pelvic oscillations
champs jaw and froths at mouth followed by somnolent phase

Ram
0.5–5.0 Noses vulva; Genital olfactory Very quick single pelvic thrust with forelimb

reflex; paws with forefoot clasping

Goat
0.2–1.0 Bleating, stamping with forefoot, Very quick pelvic thrust

rapid licking; genital olfactory reflex



another animal that exhibits mounting by females
when one of their number is in oestrus. Mounting
by females on other females in oestrus is a very rare
event in the horse. As a rule, it does not occur in
sheep.

‘False mounting’ attempts by the male animal are
commonly seen in courtship. In these instances, dis-
mounting subsequently follows quickly without any
forelimb clasping or pelvic thrusting movements.
False mounts show that the mechanics of mounting
and of intromission are separately controlled. False
mountings are to be seen in the mating patterns of
stallions, sheep and the goat. In the stallion, it is
believed that some two or three false mounts are
normal before effective mating is achieved.

In a detailed study of mounting behaviour in the
stallion, it was found that older animals mounted
more quickly than younger ones, that blindfolded
subjects mounted more quickly than others and
that about two false mounts seemed to be usual
before intromission and ejaculation were effected.
In the stallions, which were blindfolded, it was
observed that mounting was undertaken after the
male had ‘shouldered’ the female. The mounting
behaviour of the stallion when presented with a
dummy mare was also studied and it was noted
that young, inexperienced stallions mounted the
dummy more readily when they were blindfolded
than when they could see, but still more mounted
the dummy when it was visible and sprinkled over
with urine from an oestrous mare. All of this points
to the positive stimulus of odour and the weak
effect that visible features may have on mounting
behaviour in this animal.

Bulls, which have a significantly protracted reac-
tion time and which appear to have their mounting
responses inhibited by environmental factors when
presented with oestrous cows, sometimes respond
to blindfolding by mounting promptly. In the rumi-
nant species, intromission consists of only a single
pelvic thrust, which is followed by dismounting. In
the stallion, intromission is maintained for a period
of 1 min or more during which there is repeated
pelvic thrusting and subsequently the adoption of a
fairly static posture, after which dismounting
occurs. Clasping by the male during intromission
and mounting is an important component of coital
behaviour (see Fig. 17.6).

The stallion and the bull effect tight clasping of
the respective female with their forelegs adducted
into her flanks. In the case of the bull, this clasping
increases in intensity at the moment of penetration

and ejaculation. Vigorous clasping also takes place
in mating between sheep but, when the male and
female are heavily covered by wool, clasping is
inevitably impaired to some degree.

The manner of intromission in the pig is unique.
In this species, the male mounts and makes thrust-
ing actions with the penis, which repeatedly makes
semi-rotatory actions. Only when the spiral glans
penis of the boar becomes lodged tightly in the firm
folds of the cervix does this action stop and ejacu-
lation commences. It is clear, in fact, that the lock-
ing of the penis in the cervix acts as the essential
stimulus to ejaculation in the boar. Although clasp-
ing is not easily shown by the boar, this animal
employs a ‘treading’ action with his forefeet on the
back of the sow while mating. Large boars on small
sows or gilts will clasp, but in these cases it is com-
mon for the female to collapse and effective intro-
mission or mating does not occur.

Treading is an important feature of mating in
poultry. In the mating behaviour of poultry ‘waltz-
ing’ by the cock is the main pre-copulatory behav-
iour. In waltzing, the cocks adopt a stilted walk
around the female bird, tilting the body to one side.
In freely mating poultry, a high frequency of tread-
ing occurs in social relationships where the male
chases the female frequently, or where the male
waltzes to the female frequently. Treadings most
often follow crouchings by the females, chasing the
female and previous treadings by other males. In
ducks, mating may take place on water or land,
and sometimes the mating drake will be assisted by
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Fig. 17.6. During copulation the stallion grasps the
crest of the mare and clasps her thorax with his forelegs
whilst the mare stands rigid (photograph courtesy of
A.F. Fraser).



another male pressing the female’s neck on to the
ground when the mating drake is mounting.

The erect penis on intromission has increased
sensitivity to tactile stimuli and these, in their turn,
effect ejaculation. Spinal reflexes are also involved
in ejaculation. The release of oxytocin, on intro-
mission, contributes to the ejaculatory process.
Significant amounts of oxytocin are present in the
bloodstream immediately before and after mating.

Repeat mating behaviour

Following ejaculation, male animals show a refrac-
tory period, which is a state of sexual exhaustion.
The state of sexual exhaustion is not principally a
physical one, however, and refers mainly to the loss
of stimulus quality by the female. A quick return to
mating behaviour is shown by male animals when
they are given an opportunity to mate a new
oestrous subject.

It is normal among some domestic animal
species for repeated matings to occur with any
given female. Cats mate again 5–15 min after the
initial mating (Manteca, 2002). Stallions probably
re-serve oestrous mares five to ten times in each
heat period and most rams are noted to re-mate
with ewes three or four times. Bulls are seen to re-
mate with oestrous cows repeatedly perhaps on five
or six occasions. Boars normally serve sows several
times over a period of 24–48 h. Among poultry
repeated matings are frequent.

The boar is capable of a great number of services
before exhaustion occurs. Boars can serve oestrous
sows up to 11 times in one heat period. It was

observed in a test that each of three boars ejacu-
lated eight times during a 2–25 h test period in
which nine oestrous females were available. In a
test of mating ability in the bull, however, it was
reported that 75 ejaculates were collected from one
particular bull in a 5 h period of testing (Almquist
and Hale, 1956). The average ram mates 45 times
per week in a large flock.

Variations occur in the degree of receptivity in
oestrous female animals. Some studies have shown
that many ewes permit about six matings during
each heat period. When competition between ewes
exists for a limited number of rams, older ewes are
usually more successful than maiden ewes in
obtaining repeated matings.

Natural matings have the effect of shortening the
duration of oestrus in cattle. The period of recep-
tivity in cattle may be shortened by as much as 8 h
when natural circumstances are provided and
repeated matings take place. When some female
animals are ‘teased’ with vasectomized males, the
duration of oestrus is slightly shorter than other-
wise. Oestrus is not under endogenous control
alone and its manifestation is subject, in part, to
environmental factors.

Further Reading

Beach, F.A. (1976) Sexual attractivity, proceptivity and
receptivity in female mammals. Hormones and
Behaviour 7, 105–138.

Schulkin, J. (1999) The Neuroendocrine Regulation of
Behavior. Cambridge University Press, Cambridge,
UK.
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18 Fetal and Parturient Behaviour

Introduction

Features of behaviour emerge and change during
the development of the animal. The courses by
which these changes occur reveal time dimension
in the programming of behaviour. Gene action in
the mother mammal may be switched on by the
effects of stimuli during pregnancy and hence
result in a different environment for the developing
fetus. This can change the likelihood of survival for
one or more fetuses, the hormonal environment of
the fetus and hence its sex, or the nutrient avail-
ability and hence size and vigour of the fetus and
neonate. Gene action in the fetus may be switched
on by stimuli from its environment, including the
presence of other fetuses and the nutrient and hor-
monal environment (Broom, 2004). This can result
in a different set of developmental changes relevant
to what is optimal for each fetus. This is not neces-
sarily the same as that which is optional for the
mother. Hence, there can be conflict in the action
of material and fetal genes in programming the
development of the fetus. When a fetal or neonatal
animal is developing, the characteristics are not
just those that will eventually lead to an effectively
functioning adult.

Behaviour in the developing animal reveals phe-
nomena of the neural programme relevant to fetal
and neonatal survival (Cowan, 1979). An appreci-
ation of such phenomena is important to optimal
conditions in the prenatal and peri-natal periods.
Mortality rates in newborn animals are great and
cannot be controlled without progressive manage-
ment, taking account of their behavioural needs.

In recent years there has been keen interest in
the effect of the prenatal environment on post-
natal behaviour (Bateson et al., 2003). Precocial
neonates, such as foals, calves, lambs and piglets,
have already been exposed to sensory stimulation
of some kind before birth and it is therefore likely
that sensations of position, gravity, touch, smell
and taste occur within the uterus. It is known that

sheep fetuses can hear some extra-uterine sounds
(Vince and Armitage, 1980; Vince et al., 1982).
The fetal ear of ungulates is completely formed and
functional before birth. The quantity of amniotic
fluid in fetal nostrils at birth is usually consider-
able, indicating that the olfactory mucous mem-
brane has been in close intimate contact with the
material, which will later be expelled at the birth
site.

In the embryonic domestic chick, movements of
the head, body, wing and limb begin as jerky
actions at 4 days of incubated age. These continue
as uncoordinated movements in irregular
sequences, reaching a peak at the middle of the
incubation period and continuing until a few days
before hatching, when smooth and coordinated
movements develop. When the chick is ready to
hatch, synchronized limb movements resembling
walking and wing movements that resemble flap-
ping are present (Broom, 1981; Provine, 1984;
Chapter 3).

Features of behaviour in the human fetus have
mostly been derived from the living aborted fetus
subjected to probe stimulation during a brief extra-
uterine life while suspended in isotonic saline solu-
tion. On the other hand, fetal behaviour in
domestic animals has been studied by palpation,
surgery, ultrasound, radiography and fluoroscopy.

Action Patterns and Movement
Sequences in the Fetus

In addition to movement of one part of the body
and patterned movement, episodes of great fetal
activity occur. During the study of naturally occur-
ring behaviour in a fetus, the concept of the ‘action
pattern’ (Broom, 1981) is useful. When gross fetal
activity occurs, this is the result of groups of com-
plex fetal movements quickly following one
another. It is therefore appropriate, in all types of
fetal activities, to recognize the functional units of
these. The action patterns of the fetus in rotation,
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extension and pronation seem to be non-signal in
nature.

Periodic mouth opening and closing has been
reported in the human fetus as a local reflex, a sim-
ple fetal movement. Continuous fluoroscopy on the
sheep fetus has shown that jaw movements, which
are of high frequency in nature, constitute a
notable item of terminal fetal activity. Slow and
rapid jaw movements can be distinguished, the for-
mer as early as 40 days pre-partum. Rapid jaw
movement is seen in the mature fetus in the form of
rapid rhythmic mouth opening and closure. Most
of these exceed ten in number per brief episode of
oral activity. This rapid, rhythmic jaw movement is
carried out with the lower jaw moving in the verti-
cal axis in relation to the skull, and represents vig-
orous sucking activity by the fetus (see Fig. 18.1).

Such episodes occur frequently in very late gesta-
tion. Involved with these are minor actions of head
extension with the mouth open, and ventral head
flexion with the mouth closed. It has been deter-
mined that such actions represent swallowing. In
addition, some rapid jaw movements are seen in
the last week, where the lower jaw moves at right
angles to the upper jaw, with the mouth evidently
closed. This has been assumed to represent ‘chew-
ing’ mouth movement. It is clear, therefore, that the
mature fetus engages in a considerable amount of
oral behaviour, including sucking and swallowing.

These observations dispel the notion that the
‘suck reflex’ is a phenomenon that comes into exis-
tence for the first time post-natally. The first sucking
activity (in the form of rapid jaw movements) is
seen in the sheep fetus, on average, 10 days before
full term and occasionally as early as 16 days before
birth. Fetal sucking has been observed at some point
during the week preceding birth in all of the fetal
lambs recently studied for this phenomenon.

Typically, complex fetal movements contain
three to five individual component actions. In the
terminal phase of gestation complex fetal move-
ments in cattle, horses and sheep increase in fre-
quency. Some episodes follow closely on each
other, giving lengthy spells of fetal activity.
Extremely intense fetal activity is frequently fol-
lowed by an extended period of fetal quiescence. In
the radiographic study using fluoroscopy, complex
fetal movements are seen to have quality in addi-
tion to quantity, in that they contribute to
processes of action.

Righting behaviour can occur in the fetus which,
in the case of sheep, is otherwise held in a supine
position, the fetal spinal column resting on the
maternal abdominal floor. The principal items in
righting behaviour are:

● General activity.
● Extension of the carpal joints and digits of the

forefeet towards the maternal pelvis.
● Elevation of the head and neck.
● Rotation of the head and its extension towards

the maternal pelvis.
● Rotation of the anterior trunk from the supine

position through 180 degrees.
● Attainment of a position of pronation.

Essentially, these righting reflexes dictate a conver-
sion from general flexion to strategic extension of
certain parts; they evidently occur during the
2 days before birth in the sheep, 1 day pre-partum
in the bovine fetus and in first-stage labour in the
equine. General activity, involving approximately
3500 movements, coincides with these fetal right-
ing actions. Typically, this ceases before birth,
when a phase of quiescent fetal behaviour prevails.

If all of the essential righting reflexes are not
accomplished, the fetal posture may be abnormal.
The common abnormalities are the result of: (i)
failure of one or both forelimbs to be extended into
the maternal pelvis before birth commences; or (ii)
deflection of the head to one side – a position that
is exaggerated when the second, or expulsive, stage
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Fig. 18.1. Drawing of rapid jaw movement as seen by
fluoroscopy in the sheep fetus during the 2 weeks
before birth. This activity represents sucking, which is
therefore not simply a post-natal development (drawing
courtesy of R. Bowen).



of birth forces the fetus into the birth canal. These
circumstances can lead to the most common forms
of fetal malposture encountered in dystocia in
sheep and other farm livestock.

As a result of periodic rotations, the fetus termi-
nally adopts the prone and squatting posture
appropriate for birth. This occurs several times
before the birth processes become imposed upon
the fetus. Eventually, there is extreme extension of
the head at the atlanto-occipital joint, and this
ensures ‘engagement’ of the extended skull and
forelimbs within the maternal pelvis. The primary
righting act of carpal joint extension has the effect
of directing the forefeet into the maternal pelvis.
The elevated and extended head follows, having
changed from a cranial presentation to a facial one.
When the head and forefeet are fully engaged in the
birth canal, ewes began to show the behavioural
signs indicative of pain in the first stage of labour.

As birth of the anterior parts of the fetus
progress, all the hind limb joints are flexed. These
remain in this posture until the fetal abdomen is in
the birth canal. At this time, the hind limbs convert
to parallel posterior extension. Fetal expulsion is
complete soon thereafter.

The postures of 1255 bovine fetuses were deter-
mined using a direct surgical examination in a cae-
sarean survey. The fetuses had incidences of 87%
with anterior presentation, 90% with head exten-
sion, 96% with extended forelimbs and 57% with
extended hind limbs in posterior presentation. The
application of these data relates mainly to the aeti-
ology of fetal malposture and the recognition of
dysfunction of posture as causes of bovine dystocia.

Parturient Behaviour

The process of birth passes through three very defi-
nite stages, which are clear in species in which single
births occur. The first stage refers to the dilation of
the cervix and the associated behaviour of the ani-
mal. This is the latter part of the pre-partum period
during which behavioural changes occur. The sec-
ond stage is the expulsion of the fetus itself. The
third stage is the passage of the afterbirth or fetal
membranes, which extends into the more general
behavioural period post-partum (see Table 18.1).

Pre-partum behaviour

The pre-parturient period extends from late gesta-
tion to the beginning of the first stage of labour.

Apart from certain changes in attitude towards any
previous offspring still being nursed, there is gener-
ally little of significance in the animal’s behaviour
until parturition itself is very close. Once parturi-
tion is imminent, many animals separate them-
selves from the main group and select a site for the
birth. However, bitches that are about to give birth
do not normally do this. They do find or make a
nest in which the puppies will be produced. Cats
will also find a suitable quiet place for the birth.
After giving birth, the mother cat usually eats the
afterbirth (Manteca, 2002).

Provided that the animal has the opportunity to
do so, sows will have found a suitable site and built
a nest. In each case, the site is one where the birth
may occur unhindered. In the pre-parturient sow,
during the 24 h period before parturition nest-
building takes place. The activity may start up to 
3 days before parturition. The nature of these nest-
building activities may, however, largely depend on
the material with which the sow is provided. The
sow will attempt to clean and dry her selected birth
site and will chew long grass or straw to provide
bedding, carrying it a considerable distance if
necessary.

The location of the prospective birth site may be
changed more than once. Pawing activities are evi-
dent where the sow uses her forelegs to move the
bedding about. In general, sows adopt and main-
tain a lying posture at rest before birth. It has been
observed that free-living sows choose a wooded
area to build a den with dry vegetation. The dens
are lined with chewed-up undergrowth and leaves
and the site of birthplace is made dry and sheltered.
In a concrete pen, the sow will still pursue her nest-
ing tendencies using any material that is provided
for her use as bedding. She will often resist human
attempts to disturb or relocate her nest. The
amount of time taken over the building of a nest
varies from one sow to another but they nearly all
make use of straw, hay and any other dry material
that is provided. The grazing ruminants often
appear to withdraw from the grazing group when
birth is only 1–2 h away but, in some cases, the
parturient animal has simply failed to keep up with
the grazing drift of the main herd or flock. For
example, pony mares in heath and woodland areas
may move to a quiet, sheltered area beyond the
normal home range (Tyler, 1972) or they may stay
close to the group.

Goats are more likely to give birth in the
overnight camping area of the flock and choose a
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site with overhead cover and shelter from the wind
where possible. According to Lickliter (1985), 76%
separate themselves from herdmates prior to giving
birth. Cows attempt to give birth in long vegetation
where there will be cover for the calf during the
period when it remains concealed. Deer will move
into woodland or other sheltered areas to give birth
for their young also spend some time in conceal-
ment after birth.

Two phenomena widely reported to occur in
lambing ewes are isolation-seeking and shelter-
seeking. The fact that a ewe, when first seen with a
newborn lamb, is often separated from the flock
does not necessarily indicate that the ewe actively
sought isolation from the flock prior to parturition.
While 60% or more of most ewes lamb in isolation
from the flock, the remainder lamb in the area

where the flock is grazing or camping. The majority
of isolaters seek isolation actively whist the rest are
passively isolated, as they are left behind by the
flock. Most ewes lamb on the site where the birth
fluids spill and most do not move away from the
site where they commence labour. Many of those
come back to the site to complete the birth process.
Fewer Merino sheep seek isolation and 90% lamb
at the area where the flock is grazing or lying at the
time labour starts. Fine-wool Merinos re-join the
flock as soon as they can after lambing, and show
poorer maternal behaviour than other types of
Merinos (Stevens et al., 1982); most other breeds
are better mothers than Merinos. Active isolation is
strong in some other breeds. Evidently, sheep of
different breeds behave quite differently in seeking
isolation at lambing.
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Table 18.1. Principal events in parturient behaviour.

Animal Immediate pre-partum period Parturition Post-partum period

Mare May be shy of interruption; At first: restlessness and aimless Frequently remains lying on side
anorexia only evident walking; tail swishing, kicking for a period of about 20 min;
immediately before foaling; and pawing at bedding; later: does not eat fetal membranes;
whisking of tail is shown as crouching and straddling, usually oestrus shown by 9th
parturition commences; no kneeling; finally: mare lies down day (‘foal heat’)
‘bed’ prepared to strain power fully and regularly

to expel fetus; latter must rotate
from a supine position through
180° for delivery

Cow May separate from herd; seek Pain and discomfort expressed in Will eat fetal membranes if fresh,
screened locality; anorexia very restless behaviour occasionally before uterine
develops (1 day); restlessness (alternately lying and rising); separation is complete; maternal
begins (several hours); no ‘bed’ animal more usually lies during responses such as licking calf
prepared expulsion of fetus; expulsion of usually initiated promptly

fetus slower than in mare

Sow Gathers bedding material and Shows signs of pain; strains Eats fetal membranes and fetal
attempts to make a nest; when fetuses are in pelvis; tail cadavers or parts of them; lies
becomes restless; lies on side in actions signal each birth; the extended on side for long spells
full extension to farrow final expulsion of each piglet is accommodating frequent

usually done with one wave of suckling by litter
abdominal straining

Ewe Interest in other lambs; may Repeated rising, lying; when Grooms lamb attentively, licking
separate from flock (66%); most straining, usually stands; lies fluids, nibbling any membranes
breeds seek some shelter; during early expulsion on lamb; remains at birth site
restless, paws ground. usually

Doe Sluggish walking; becomes Shows clear signs of pain; Variable attention to kid; grooms
goat restless, agitated repeated straining, occasional by licking and nibbling; if a

bleating ‘leaver’, may seem to have
weak maternal drive



The biological advantages of parturition in isola-
tion are twofold:

● The risk of interference by other ewes that are in
the pre-parturient state is reduced.

● The best opportunity for developing a close
bond with the young is provided, since the
newborn lamb orientates itself towards the
nearest object, preferably a moving one, which
is most likely to be the maternal ewe if she has
isolated herself.

Isolation-seeking is a behavioural tactic in sheep
which, in the process of domestication, has appar-
ently persisted in most breeds. Shelter-seeking by
ewes, which may be associated with isolation-
seeking, depends on weather conditions and the
availability of shelter. Welsh mountain ewes, for
example, seek shelter at lambing time in wind
speeds > 11 km/h. At higher wind speeds where
there is also a cooling chill factor, they choose pro-
gressively more sheltered sites for birth. In Soay
sheep marked isolating and sheltering behaviour
occurs about 4 s before parturition, with the ewe
lying down in a sheltered position independent of
what the other ewes are doing. Similar effects of
wind speed and chill influence shelter-seeking by
parturient ewes of other breeds, but the Merino is a
notable exception, showing flock cohesion.

Under intensive housing conditions natural pre-
parturient behaviour is not possible. For instance,
the feral sow builds a nest of grass in a shallow pit
(Jensen, 1986), while in farrowing crates sows show
major changes in behaviour within 24 h of parturi-
tion. Sows will work hard to gain access to nest-
building materials on this day (Arey, 1992). With
sows in bedded farrowing pens of the traditional
type it is observed in the pre-parturient phase that,
while most of the time during the 3 days before the
onset of labour is spent sleeping and feeding, an
increasing amount of nest-building behaviour is
also shown: this is usually evident in the form of
chopping-up bedding. The first changes in pre-
partum behaviour are restlessness, with the sow
frequently altering her position, either from side to
side when lying down, or from lying to standing.

This activity gradually increases until the sow
changes position every few minutes. Intermittent
grunting, champing of the jaws and increased respi-
ratory rate are also prominent features. During this
period the sow may attempt to make a nest, using
its forelegs vigorously in attempts to accumulate
bedding into a heap.

In the immediate pre-partum phase of all domes-
tic animals, which is the 24 h before parturition,
indicative behavioural features begin to emerge.
The animal becomes increasingly restless and fre-
quently alters her position and possibly also her
disposition. Phantom nest-building may occur, and
sows provided with cloth strips manipulate them
extensively at this time (Taylor et al., 1986).
Gradually, still greater restlessness becomes evident
until a stage is reached where the animal changes
her position every few minutes. Recognition of this
pre-parturient behaviour in the pregnant animal
allows the time of birth to be predicted accurately
in the great majority of cases. Forewarning such as
this allows the corrective husbandry of parturient
animals and their neonates.

Similar behaviour to that in the parturient sow is
seen in the cow. In beef cows, changes in behaviour
appear from a few days to a few hours before par-
turition. Sometimes, restlessness is accompanied by
the cow licking its flanks or swishing its tail. In
dairy cows, some aspects of behaviour change as
early as 6 weeks pre-parturition, when the cow
avoids social exchanges of butting or being butted.
Such changes may relate to the physical burden of
pregnancy as a result of which the cow becomes
less agile in advanced pregnancy and so is less able
to sustain social rank through agonistic behaviour.
Two weeks before calving, pushing at a crowded
feed trough is no longer seen. The cow tends then
to feed and drink when few other cows are at the
trough. She also stays on the periphery of the herd
when grazing and lying.

Shortly before parturition, some females show
interest in recently born young of other females in
the group. This behaviour indicates the early onset
of the maternal behaviour under new hormonal
influences. It is seen most frequently in ewes, since
there is a high probability in large flocks that ewes
with newborn lambs will be mixed with pre-
partum ewes. Pre-lambing maternal interest has
been observed as much as 2 weeks before lambing,
but it usually occurs in the 12 h preceding birth. It
can lead to a high incidence of mis-mothering and
poaching of alien lambs, especially at high stocking
densities. The incidence may be up to 20% with
some breeds of ewe and is less in primiparous ewes.
In Merino flocks pre-lambing maternal interest
often occurs within 2 h of lambing. Interest varies
from a brief inspection to cleaning, suckling and,
on some occasions, to attempted adoption. Such
ewes normally lose interest in other ewes’ lambs at
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the commencement of parturition. ‘Stealing’ of
other young in this way occurs in mares and cows
and may pose serious problems in group-housing
conditions (Edwards, 1983).

Increases in restlessness and withdrawal from
group activity are characteristic of pre-partum
behaviour in sheep, cattle and horses. Active sepa-
ration from the group sometimes occurs but, in a
study of dairy cows, many did not isolate them-
selves before parturition (Edwards and Broom,
1982; Edwards, 1983). In sheep and cattle, pawing
and sniffing the ground may also occur, but pre-
partum pawing is most notable in sheep. The
length of time prior to parturition during which
these changes in behaviour occur varies with the
species; in sheep they occur quite close to parturi-
tion. Many ewes display uneasiness for the first
time within 1 h of birth, while virtually all will
lamb normally within 2.5 h of such signs.

The timing of parturition

Parturition does not occur randomly throughout
the 24 h in most species that have been studied in
detail. A higher incidence of birth at night has been
reported for various mammals, including man,
horses and pigs Conflicting results have been
obtained for sheep and cattle, but Edwards (1979)
studied 522 Friesian cows and reported no peak of
calving at night or during the daytime (see Fig.
18.2). It was of particular interest in Edwards’
study that, while heifers calved evenly throughout
the day, older cows were less likely to calve at milk-
ing times (see Fig. 18.2). This avoidance of the time
when other cows in the herd were regularly milked
could be due to extra disturbance at this time but
heifers showed no such avoidance, despite being
subject to the same disturbance. It is possible that
some internal rhythm created during the lactation
period is affecting behaviour. Whatever the cause,
it is clear that the cows were able to avoid milking
time, presumably by actively delaying the onset of
the final stage of parturition.

Although ewes lamb at all times during the 24 h
period, it has been observed over a period of time,
covering several lambing seasons, that a dispropor-
tionately large number of ewes lamb during the 4 h
period lasting from 19.00 until 23.00, and also
during the early morning hours from 05.00 until
09.00 (see Fig. 18.3). The distribution of births
over the 24 h appears to vary slightly with the
breed of sheep. Merinos have a small peak between

17.00 and 21.00. Suffolk ewes show a peak
between 08.00 and 12.00.

The foal attempts sucking within 1 h of birth
and begins to trot after about 4 h. About 80% of
mares foal at night and in the open, if possible
(Rossdale and Short, 1967). Parturition is also
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usual at night in stabled horses, perhaps because
this is when there is least human disturbance. The
peak foaling hour in stabled mares is prior to mid-
night. In free-ranging mares birth is often in the
dark hours of early morning. This gives the mare
and foal all day to establish a bond and allows the
myopic foal to travel in daylight.

Parturient synchronization points to a form of
maternal protection, which may be either con-
scious or unconscious. For example, it has been
found that many mares foal during the early sum-
mer when nutrition is at its height. Mares mated
early in the breeding season will often foal at the
same time as those that mate later in the season.
Apart from this broad synchronizing effect on ges-
tation, it has been found that seasonal factors may
also affect the time of birth. Comparing two groups
of mares, it was found that the average length of
time of gestation was 8 days longer in those that
foaled in the spring than in those that foaled in the
autumn.

Birth

Pain is most evident during birth, the period of
fetus and fetal membrane expulsion. However, the
extent of this pain is likely to vary considerably
among species. In dogs, cats and pigs that have sev-
eral young, the production of each individual

involves less stretching of tissues and straining by
the mother than that which occurs when a ewe has
her one or two lambs or when a cow or mare has
her single calf or foal. Most of the details below
refer to the species for which parturition is more
traumatic.

The outer fetal membrane remains adherent to
the uterine wall and, during the course of physical
straining, becomes rent with pressure. This allows
the amniotic bladder containing the fetus to bulge
into the vagina – which is lined with secretions of
cervical mucus and chorionic fluid – and effects fur-
ther dilation so that the fetus enters the pelvic
canal. At this stage of labour the contractions of
the uterus are regular. Even at the end of this stage,
they can be very strong and frequent. These events
terminate the second stage with an acceleration in
the expulsive efforts of the dam. Provided there is
no impediment to its delivery, the fetus is then
expelled by a combination of voluntary and invol-
untary muscular contractions in the abdomen and
uterus. Repeated straining, particularly abdominal
straining, is therefore the principal feature of
maternal behaviour in birth. The straining efforts
increase in number and recur more regularly when
the second stage of labour has begun. At this time
the strong reflex abdominal and diaphragmatic
contractions are synchronized with those of the
uterus.
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The straining sessions are punctuated by resting
intervals, each lasting a few minutes. Further extru-
sion of the fetus is not necessarily achieved with
each straining bout. The course of extrusion is sub-
ject to arrest and even retraction of the fetus back
into the dam. One of the main obstacles to single
birth is the passage of the fetal forehead through
the tight rim of the dam’s vulva opening. Once the
head is born, the rate of passage of the fetus is
greatly accelerated. The shoulders follow the head
within a few minutes and, immediately after this,
the remainder of the neonate very quickly slips out
of the birth passage. The mother’s vigorous strain-
ing usually ceases when the fetal trunk has been
born. Often, there is a short resting period at this
point while the hind limbs of the neonate are still in
the recumbent mother’s pelvis, an event commonly
occurring in unassisted horse births. During birth,
the posture of the dam varies a great deal, depend-
ing on species and individual. Some remain recum-
bent throughout birth; in others there is alternate
lying, standing and crouching.

Sheep

Most lambing ewes display signs of nervous and
restless behaviour: lying down and getting up
again, paddling with the hind feet and other classic
signs of discomfort. In 17% of ewes no initial signs
of parturition were evident in one study, although
the sheep were kept under close supervision and
almost constant observation at the appropriate
times during two lambing seasons. Scraping the
ground with a forefoot is common immediately
before and after lambing. Although there may be
frequent lying down and rising before birth, most
ewes remain recumbent until the fetus is partially
or completely expelled. In cases of twin and multi-
ple births the neonates usually follow each other
within a matter of minutes.

The mean joint duration of the first and second
stages of labour is 80 min. The process of parturi-
tion in ewes would therefore normally seem to be a
fairly swift one. The standard deviation in time of
lamb delivery is about 50 min, and the lambing
times would follow the normal distribution were it
not for cases of parturition of > 2 h due to difficulty
in birth (dystocia). There is no apparent difference
in duration between breeds or ages. Most lambs are
born within 1 h of first showing at the vulva. Some
ewes have prolonged labour lasting > 2 h: this is
due, usually, to dystocia. With twins, labour is

much shorter for second-born lambs than for first-
born.

In the ewe that is giving birth, the fetus has
flexed elbows and shoulders. This was a constant
feature in a study of 79 ewes by A.F. Fraser (see Fig.
18.4).

Goats

In a herd of Angora goats, during one season, two-
thirds of the kids were born within a 4-day period.
Immediately before birth a doe often appears fret-
ful and nervous. The doe will paw bedding and
will repeatedly lie down and stand up with signs of
straining. Birth is usually complete within about
1 h of first behavioural signs of first-stage labour.
Afterbirths are normally passed from about
20 min to 4 h after birth. Does often eat fetal
membranes.

Cattle

Until the first stage of labour has begun, physical
changes rather than behavioural ones are apparent
in the pre-parturient cow. Ingestive behaviour is,
however, reduced at the time that labour is about
to start. It is also at this time that the animal begins
to show regular periods of restlessness; feeding
sometimes recommencing between these periods.
Eventually, the restlessness gives way to behaviour
that is very similar to that encountered in con-
ditions of colic. The cow appears apprehensive,
looking all round her sides and turning her ears in
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Fig. 18.4. Radiograph of sheep fetus at the start of
birth (photograph courtesy of A.F. Fraser).



various directions. At this period the cow will also
walk excessively if she is at all able. She will also
occasionally examine patches of ground and some-
times even paw loose litter or bedding as though
gathering it into one spot.

The first stage of labour becomes apparent when
the cow shows intensive comfort-shifting. She
repeatedly goes through the motions of lying down
and getting up again. She may also kick at her
abdomen, repeatedly tread with her hind feet, look
around to her flanks and shift her position fre-
quently. About this time, also, the cow begins to
pass small amounts of faeces and urine at intervals
while arching her back and straining slightly. Cows
tend to show these bouts of slight straining earlier
in parturition that the other farm species. With
time, the spasms of evident pain become better
defined and more frequent. Finally, they begin to
appear regularly about every 15 min and each
spasm lasts about 20 s. The spasms are manifested
by several straining actions in quick succession.
After some bouts of straining, the allantochorion
or ‘first waterbag’ is rent and a straw-coloured,
urine-like fluid escapes. After this there is usually a
short pause in the straining and muscular contrac-
tions. This pause terminates the first stage of
labour, which may vary in duration from 3 h to 2
days, though a period of 4 h is a more common
(modal) average time. About 1 h later the more
powerful straining of the second stage of labour
becomes evident and the amnion appears at the
vulva (see Fig. 18.5).

At this time, straining occurs about once every 3
min and lasts for about 30 s; it grows more power-
ful and more frequent when portions of the calf,
such as its forefeet, become extruded at the vulva.
At this stage the cow either adopts the normal rest-
ing position or lies on her side. In a study of calv-
ing in 82 Friesian cows by Edwards and Broom
(1982), all were recumbent when calving unless
there was human assistance. Her upper legs may
even swing clear of the ground if she strains while
lying flat on her side. Straining is virtually continu-
ous until the head and trunk of the calf are
extruded. Most cows that give birth easily and
unaided remain recumbent until calving is com-
pleted. In a study by Metz and Metz (1987), 92%
of such cows were still lying at the expulsion of the
fetus but, when calving was difficult, 64% were
standing by this time. The birth is completed with
the breakage of the umbilical cord. Occasionally, a
cow rising after the main period of extrusion will

do so with the pelvis of the fetus still lodged inside
her own and the retained fetus may swing from her
for a period of time before dropping to the
ground. Second-stage labour, i.e. birth, is usually
completed within 1 h. Possible problems associ-
ated with parturition are reviewed by Sheldon et
al. (2004).

Horses

The first sign of labour in the mare occurs when
she becomes increasingly restless. She may per-
form circling movements, look around at her
flanks, get up and lie down spasmodically and
generally show signs of anxiety. At the onset of
parturition feeding ceases abruptly. The mare rises
and lies down again more frequently than before,
rolls on the ground and slaps her tail against her
perineum from time to time. Subsequently, she
adopts a characteristic straddling position and
crouching posture, frequently urinating at the
same time. The mare may also show flehmen,
especially after the allantoic fluid has escaped
with the rupture of the allantochorion about the
end of the first stage of labour when extremely
vigorous straining – typical of the mare alone –
occurs for the first time.

Just before straining starts, an unusually high
raising of the head is sometimes observed. But,
when straining begins, the mare soon goes down
flat on her side and the expulsive efforts become
intensified. From the first signs of sweating it may
be deduced that the first stage of labour, which may
last up to 4 h, has begun, but false starts are not
uncommon. After some straining the waterbag
(amniotic sac) becomes extruded; within it one
fetal foot usually precedes the other. The bouts of
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Fig. 18.5. Commencement of the second stage of
labour in a cow; the amnion has appeared at the vulva
(photograph courtesy of A.F. Fraser).



straining become more and more vigorous until the
muzzle of the fetus appears above the fetlocks.
Although the straining bouts at this period are very
vigorous, the amniotic sac does not rupture. Most
of the delivery time is normally taken up with the
birth of the foal’s head. Soon after this the remain-
der of the foal, except its hind feet, is expelled from
the vagina. The reflex head movements of the
almost wholly born foal finally burst the amniotic
sac; the foal begins to breathe and its further reflex
limb actions may extract the remainder of its hind
legs from the dam. Although 98% of mares give
birth in the lying position, final expulsion of the
legs may be caused by the mare rising.

The duration of this second stage of labour is, on
average, about 17 min, although in normal circum-
stances it may vary from 10 to 70 min (Rossdale,
1968). Following the completion of birth, mares
often lie, in apparent exhaustion, for 20–30 min.
As previously stated mares do not eat their after-
births although they do groom their foals. The
usual length of time for the extrusion of the fetal
membranes is about 1 h.

Pigs

When farrowing is only a few hours away, the sow
alternately utters soft grunting noises and shrill
whining sounds. As parturition approaches she
begins to grunt more intensely and emits loud
squeals.

During the process of delivery the sow is nor-
mally recumbent and lies on her side, although
there are occasions when some sows adopt a posi-
tion of ventral recumbency (lying on the sternum).
Vigorous movements of the sow’s tail herald each
birth, and the piglets are expelled without a great
deal of evident difficulty. Although, as has been
stated, polytocous species more accurately exhibit
only two stages of parturition, relatively little after-
birth is passed until all the piglets are born.

During farrowing, the recumbent sow may occa-
sionally try to stretch out and kick with the upper
hind leg or turn over on to her other side. These
movements force out fluids and a fetus may be
expelled at this time. Sometimes, during the birth
of a piglet, the sow’s body trembles and if she is of
nervous temperament she may emit grunting and
squealing sounds.

Piglets are expelled at an average rate of one
every 15 min. Nervous sows often stand up after
the birth of each piglet; this may be associated with

temporary reduction in pressure in the reproduc-
tive tract. The entire farrowing process normally
lasts about 3 h. The sow pays little attention to her
young until the last one is born and, when finally
she rises, she sometimes voids quantities of urine.

Post-partum behaviour

In the immediate post-partum period, the dam is
engaged in the third stage of labour, which con-
cerns, behaviourally, the expulsion of the placenta
and the grooming of the neonate. Fetal membranes
are usually passed fairly effortlessly by the dam
during the first few hours following the birth.
Many cows occupy themselves by eating the after-
birth after its final expulsion (placentophagia). Not
all animals are placentophagic: cows and sows are,
while mares are not. It seems that the two groups
do have certain general behavioural characteristics
that differ. The species that are placentophagic usu-
ally keep their newborn close to the birth site for
several days at least, whilst those that are not pla-
centophagic lead their young away from the birth
site very early on in the post-parturient period.

It has been noted that, in natural circumstances,
mares foal at night and in the open so that, by day-
break, the foals can trot and have been led away by
their mothers. Maternal behaviour is therefore
related to the neonatal characteristics of staying in
the nest area, following or hiding. Whilst the new-
born kitten or puppy is altricial and not able to
move out of the birth site (see Figs 18.6 and 18.7),
the young of the grazing ungulates are precocial
and can walk after birth. Whilst deer calves or
fawns and cattle calves are hiders, remaining for a
day or more at or close to the birth site, lambs and
foals are followers that walk or run with the
mother and her companions very soon after birth.

In nest or hider species, parturition is followed
by periods of isolation of the neonate from its
mother. Follower species, such as the horse, main-
tain close and frequent contact between mother
and offspring after parturition. These strategies of
post-partum behaviour are different means of min-
imizing predation on neonates. Altricial young
depend on being in a nesting place where they are
hidden and may be defended by the mother.
Follower species characteristically have rapidly
developing, highly mobile neonates and sometimes
can provide some form of efficient defence of their
young. Hider species give birth where cover is
available, for the vulnerable, non-mobile neonate
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is camouflaged and keeps still as a tactic against
predation.

Although the parturient animal of a hider species
tends to choose a good birth site affording shelter
and security, the mother may or may not remain
close to the neonate (Hudson and Mullord, 1977).

Following parturition, individual female goats
may either remain in the vicinity of their nesting
neonate or leave the neonate alone while they 
forage with the herd. The individuals exhibiting
these strategies are characterized as stayers and

leavers. Stayer females tend to be older than leaver
females. Female goats with twins are more likely to
be stayers than are the mothers of singletons
(O’Brien, 1984).

The cow often licks up her uterine discharges
before the birth is completed. Once the calf is born,
she rests for a variable length of time and then rises
and licks the fetal membranes and fluids from the
calf. She usually eats the placenta, and sometimes
the bedding contaminated by fetal and placental
fluids as well.
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Fig. 18.6. Dalmatian bitch
with litter of puppies; note
guard rails around whelping
box to prevent crushing
(photograph courtesy of
D. Critch).

Fig. 18.7. Bitch grooming
newborn pup (photograph
courtesy of D. Critch).



The fetal membranes are expelled in batches of
two to four after all the piglets have been born,
although some small portion is often passed during
the process. Many sows will eat all or part of the
expelled afterbirth unless it is removed promptly.
Following the parturition she will often call her 
litter to suck by emitting repeated short grunts and
may emit loud barking grunts if an intruder 
disturbs the nest. The sow rarely licks or grooms
her young, but sometimes appears to try to position
the piglet near her udder or draw them towards her
teats using her forelegs in scooping actions.

It is important to provide close observation over
a particularly nervous sow for it is in such an 
animal that cannibalism is most likely to occur.

With such a sow also, the young are sometimes
crushed by sudden and erratic movements. The
piglets can be removed immediately after birth if
the sow shows signs of dystocia. After the process
is over and her piglets are returned, she will usually
display normal responses towards them.

Further Reading

Sheldon, I.M., Barrett, D.C. and Boyd, H. (2004) The
post-partum period. In: Andrews, A.H., Blowey, R.W.,
Boyd, H. and Eddy, R.G. (eds) Bovine Medicine:
Diseases and Husbandry of Cattle. Blackwell,
Oxford, UK, pp. 508–529.
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19 Maternal and Neonatal Behaviour

Introduction

In many animal species parental care involves both
parents. However, in most domestic animals the
father plays little part in care. There may be some
defence of the group if the father is allowed by
human action to participate in this. In this chapter
the role of the mother is explained. The aspects of
parental care are summarized by Clutton-Brook
(1991), Paranhos da Costa and Cromberg (1998a)
and below (modified after Tokumaru, 1998).

Parental behaviour – objectives and abilities:

● Prepare the body for development of eggs,
embryos.

● Prepare the body for care of the young after
parturition or oviposition.

● Provide nutrients during egg and embryo
development.

● Prepare an appropriate place for birth or egg-
laying.

● Protect eggs or infants against predation and
conspecifics.

● Help eggs and infants to thermoregulate.
● Provide food or help young to find and obtain

food.
● Help young to learn about important aspects of

their environment.
● Recognition of parent by young, or vice versa,

or both.
● Maintenance of continual or intermittent

contact between parent and young.
● Assessment of when to reduce and terminate

parental care.

With the birth of the newborn, the vital relation-
ship between the dam and neonate develops. This
is established by the soliciting behaviour of the
young animal and the acceptance of this by the
mother. The maternal behaviour develops quickly
peri-natally and is, in general, characterized by
collaborative behaviour unmatched in any other

phase of the animal’s existence. Commonly, the
commencement of maternal behaviour is in the
pre-partum period. Dogs and cats will already have
found, or will find, a suitable place for the young
pre-partum. In the sow, attempts at nest-making
are usually shown at least 24 h before parturition
and, in some cases, this nest-building is evident 3
days before farrowing.

Even amongst domestic animals there is some
variation in the extent of parental behaviour
shown. Animals vary in their life history strategies
from the extreme (R) strategy of the mosquito,
which lays many eggs with little investment of
effort into each, to the extreme (K) strategy of the
sheep, that invests much in each lamb. Trivers
(1974) explained the concept of parental invest-
ment and how it helped to explain post-mating
strategies and parent–offspring conflict: ‘Parental
investment is investment by a parent in an indi-
vidual offspring which increases the offspring’s
chance of surviving and reproducing at the cost of
the parent’s ability to invest in other offspring.’ A
ewe shows high parental investment in its lamb,
not only carrying it during pregnancy but giving it
much care after birth. The benefit of parental care
declines as the lamb develops and becomes better
able to survive by itself.

The cost of parental care increases with the age
of the young, for example because bigger lambs
need more milk than newborn lambs. Hence the
benefit:cost ratio decreases as the young get older
(see Fig. 19.1). The point at which the parent
should cease care is when the benefit:cost ratio is 1.
The point at which the offspring should want the
parent to cease care is half of this because, consid-
ering the degree of relatedness of parents, offspring
and siblings, the offspring should be worth twice
as much to themselves as the value of siblings. This
topic is discussed in detail by Broom (1981).
Parental behaviour can be manipulated by the
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offspring and is not just a matter of the parent
deciding how much care to give.

Following parturition, the maternal animal
acquires a novel repertoire of behaviours orientated
towards acceptance and maintenance of the new-
born. The parturient animal has been behaviourally
primed by an increased and special hormonal out-
put. It appears that both the concentration of the
reproductive hormones and their relative propor-
tions to each other create the state of maternal
behaviour. In the sheep, progesterone increases
gradually during pregnancy then drops rapidly at
birth; oestradiol and prolactin increase rapidly
shortly before birth and drop around the time of
birth (Poindron and Lévy, 1990; Broom, 1998).

Most animals that are normally units of a flock
or herd seek some degree of separation from their
group when birth occurs. This arrangement allows
the immediate association between a mother and
her newborn animal to develop during their own
sensitive periods, which persist for several hours
following parturition. The pair, in comparative iso-
lation, bond very quickly and efficiently together.
The phenomena of sensitive periods and bonding
have already been discussed. With an established
bond the mother acts largely in the interests of the
neonate as it develops.

Mother mammals often produce specific vocal-
izations post-partum. During grooming, both dam
and offspring may vocalize and this is important
for the development of the maternal–neonatal
bond. Three distinct sounds are made by cows: (i)
loud, open-mouthed bellows are made during lick-
ing; (ii) soft, throaty grunts are made later with the

mouth closed; and (iii) a similar but louder sound is
made when the calf wanders away. When nursing
their offspring, ewes have a low-pitched gurgling
call and goats give a series of short, low-pitched
bleats. Sows give characteristic grunts in a rhyth-
mic series while nursing their litters as a prelude to
milk let-down.

Initiation of Maternal Behaviour

After giving birth, the majority of mother mam-
mals lick the neonate. The exceptions include the
camel, pig and seal families. The new mother
removes the amniotic fluids covering the neonate
by thorough licking. Neonatal heat loss by conduc-
tion through thick amniotic fluid is reduced. Much
grooming activity becomes progressively directed
from the dorsum of the neonate and its head to
ventral areas and limbs. These maternal attentions
arouse the neonate and draw its primary interests
towards its mother. In the course of grooming, the
mother inevitably spreads considerable quantities
of her saliva over the surface of her offspring. This
soon dries out, but the dried saliva may impart a
familiar pheromonal identity to the newborn. It is
now clear that oral pheromones in the vehicle of
saliva are important in the social exchanges of ani-
mals and, most notably, between young and
mature individuals in recognizant situations. It is
likely that the role of grooming is compound; it is
under the influence of prolactin, the hormone that
mediates much maternal behaviour, including
grooming. The changes in calf-licking by the
mother during the first 6 h are shown in Fig. 19.2
(Edwards and Broom, 1982).

This decline in licking over 5 h was shown when
calves were licked by alien cows (Edwards, 1983),
so the decline in licking is a consequence of the
change in the stimulus characteristics of the calf
rather than being due to a hormonal or other
change in the cow.

While grooming is maintained until the newborn
has been well attended, it soon ceases. In the cases
of animals with multiple births, maternal grooming
behaviour may be directed more to those born
early in the sequence, especially in Merino sheep.
Maternal experience plays a part here since ewes
inexperienced with twins are more likely to neglect
grooming the second-born than would experienced
ewes (Shillito-Walser et al., 1983).

Once the young animal stands, the mother may
act in a way that helps it to remain close to her and
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Trivers, 1974).



find the milk supply or she may show behaviour
that is not helpful to the young. In studies of the
responses of dairy cows to their calves, Broom and
Leaver (1977) and Edwards and Broom (1982)
described aggressive behaviour and inappropriate
maternal behaviour as being shown by some
heifers. In the first study, such behaviour was more
frequent if the heifers had themselves been reared
in isolation for 8 months whilst they were calves,
and corresponded with inadequate social responses
to animals of their own age. In the second study,
heifers were found to be more likely than were
older mothers to butt or kick the calf as it
approached. Some heifers repeatedly turned to face
the calf, thus making teat-seeking difficult. Heifers
were also more likely to make movements that
interrupted suckling.

When the animal has been born, dried and has
gained its feet, almost all of its activities are initially
concerned with teat-seeking. While the newborn is
exploring its immediate environment in the course
of teat-seeking, the dam does not simply receive the
soliciting approaches passively but shows positive
orientation in accommodating them. The manner in

which this is done is not always obvious at first,
principally because the dam’s behaviour is, super-
ficially, one of inactivity. Typically, the dam will take
a stationary position immediately adjacent to the
newborn and will hold this position, permitting the
progressive exploratory approaches of the young
animal. Occasionally, the dam may make an alter-
ation in position or stance to correct the young
animal’s orientation. Inexperienced mothers tend to
overcorrect at first.

Often, several hours elapse between the first and
the last piglets in a litter, and the sow lies during the
delivery of all of them. Her lateral recumbency is
also the nursing position and, by this means, new-
born piglets have access to the mammary region
whenever they rise, usually only a matter of min-
utes after birth. All of this precludes grooming in
its imperative form, characteristic of the other farm
animals. Sows do nose their piglets, however, when
the births are all over.

Following the grooming, the mother has learned
much of the identity of her young. Olfactory, gusta-
tory, visual and auditory recognition have become
established and will be reinforced progressively
thereafter. From this time on, the maternal mother
will give care to the young animal and defend it
with much intensity. The young animal maintains
an intimate association with its mother, by vocaliz-
ing for assistance or support, by numerous suckling
attempts and by physical contact. Such reciprocity
is rewarding for the mother.

Ewes separated from their lambs immediately
after birth usually accept them on their return after
absences of up to 8 hours. Even when lamb inter-
changes are made, ewes can accept lambs earlier
put to them after a lapse of some time without
them. It appears that the ewe will lick the first
recently born lamb or lambs presented to her
within a period of several hours post-partum, and
that licking for a period of 20–30 min establishes
an attachment and a basis for recognition.

Removal of a kid or lamb at the instant of birth
and then returning it to the mother after 2.0–4.5 h
results in most of the young being totally rejected
by their mothers. When goat dams are separated
from their young for 1 h immediately after parturi-
tion they subsequently fail to show the normal
maternal care.

Sheep and goats will generally allow only their
own young to suckle and will drive away alien
young, suggesting that acceptance of young
depends on the early sensitive period, which is
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restricted to the first few hours post-partum.
Modern opinion dismisses the legend that handling
young animals will lead to their rejection by their
mothers. It is temporary removal from the dam and
not handling, per se, which can lead to maternal
rejection.

Some modifiability in the sensitive period in
sleep and goats has been shown experimentally.
Sheep and goat mothers, between 2 and 12 h post-
partum, in close proximity to alien neonates, were
restrained until they permitted the alien young to
suckle freely (average 10 days). All adoptions were
successful although some sheep were given kids
and some goats given lambs. These results showed
that enforced contact between dam and young,
after the normal sensitive period of the first hours
post-partum had elapsed, can prolong the period
effectively.

Immediate separation of kids from their mothers
at parturition. for periods as short as 1 h, led to the
later rejection of the kids by the mother goats. With
only 5 min of contact, however, between doe goat
and young immediately following the kidding, the
rejection after separation could be prevented. 
A form of olfactory priming seems implicated in
the process, as it affects the phenomenon of the
maternal critical period in goats. Sheep- and goat-
herders would agree that the odour of the young is
the dam’s prime criterion of acceptability.

A marked difference is observed in the responses
of experienced and non-experienced goat mothers
on occasions of kid separation. Previous maternal
experience may serve to increase the likelihood of
activation and maintenance of maternal respon-
siveness in domestic goats. The use of washing cou-
pled with close confinement appears to be an
effective aid to the fostering of lambs onto ewes,
especially within the first day or two after birth
(Alexander et al., 1983a). Fifty-five per cent of
ewes 1–3 days after lambing failed to accept their
own unwashed lamb after being separated from it
for only 40–48 h.

Maternal Motivation

If the mother does not become bonded, the mater-
nal motivation does not fully develop but termi-
nates fairly quickly. In dairy cattle, from which the
newborn calves are sometimes removed without an
opportunity for grooming, little or no evidence of a
maternal motivation is shown 1–2 days post-
partum. With some contact between cow and calf,

however, the maternal motivation becomes strong
and enduring. If a cow is left with her own calf for
a 24 h period and the calf is then removed, the cow
will still possess strong maternal motivation 5 days
later, at which time fostering alien calves onto the
cow is still a practical possibility. This, in fact, is
the basis of the one-calf fostering method, which
has been found to be a suitable one for multiple
calf-rearing on cows under commercial circum-
stances. It has been found that this fostering proce-
dure serves to strengthen the bond between the cow
and her adopted calves. A relationship can thus be
made between the development of maternal
responsiveness and maternal bonding in dairy cat-
tle. In cattle, mother–offspring bonds are weaker
with twins than with singles (Price et al., 1985).

In sheep, the success of fostering appears to be
positively related to the persistence of sucking
attempts by the lamb, and negatively related to the
aggressiveness of the ewe. Attempts to foster differ-
ent or extra lambs on to a ewe often involve the
application of birth fluids, for example on a cloth
jacket that is put on to the alien lamb (Price et al.,
1984a). Birth fluids still elicit a positive response
from the ewe after they have been frozen and
thawed. Other actions that promote alien lamb
acceptance include: (i) stretching the ewe’s cervix
prior to introducing the young (Keverne et al.,
1983); (ii) using a masking odour; and (iii) restrain-
ing ewe and lamb together and tranquillizing the
ewe. The effective fostering method used by shep-
herds for many years when the ewe’s own lamb had
died is to skin the dead lamb and put its fleece on
the lamb to be fostered (see Fig. 19.3a); the lamb’s
odour is detected by the ewe, who then allows the
alien lamb to stand near her (see Fig. 19.3b) and
suckle (see Fig. 19.3c).

Maternal motivation can modify the normal
reactivity of the mother, causing her to show
changes in reaction towards man. After a period of
successful association by the mother with her
young, maternal motivation may persist for
months. Towards its termination, reduction in
maternal behaviour becomes apparent. The mother
shows increasing indifference to care-seeking
behaviour from her young. This is the onset of the
period of parent–offspring conflict (Trivers, 1974),
when the reproductive potential of the mother is
maximized by reducing or terminating parental
behaviour, but that of the offspring is maximized
by encouraging the parent to continue parental
care. This topic is discussed in detail by Broom
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(1981). Parental behaviour can be manipulated by
the offspring and is not just a matter of the parent
deciding how much care to give.

In domestication, some maternal behaviour
appears to become pathologically altered by the
duress of some forms of husbandry. Extreme
aggression can be shown by newly farrowed sows
towards attendants. This warrants a cautious
approach to such animals at this time, particularly
if their piglets are to be handled. In some instances
pathological behaviour in sows takes the form of
cannibalism of their own litters. Immediate seda-
tion of such cases is required; many of these will
show normal maternal behaviour on recovery from
sedation. Abnormal maternal behaviour is shown
by a small proportion of individuals in all the
domestic species. Much of this leads to rejection of
the newborn animal and depriving the newborn
animal of intake of colostrum which, for optimum
passive immunity, should be ingested promptly
after birth under calm conditions (Broom, 1983a).
It is believed that the aetiology of several neonatal
diseases is complicated by such peri-natal behav-
ioural malfunction.

One feature of maternal behaviour observed in
some ruminants is the concealment of the newborn
(Lickliter, 1982, 1984). Free-ranging goats, which
have well-covered terrain in their habitat, usually
give birth to their young in some area with dense
cover. After the first successful nursing, the female
frequently leaves the young animal near the birth
site and goes off at a considerable distance to graze.
Periodically the dam will return to nurse the young
animal, but it may be some days before the dam is
prepared to allow the neonate to remain with her
constantly. These young animals also require this
hiding time to become developed sufficiently to
become competent to associate actively with their
mothers. Many of the species showing this charac-
teristic of concealment of young also demonstrate
synchronized parturition. They also tend to have
specific territories reserved for parturition. As a
result of large numbers of females giving birth
about the same time to their young in specific sites,
pools of newborn animals are formed.

The domestic cow, for example, calving out of
doors, will often do so in some concealed position
and, having nursed the calf once, she will move
away some distance while the satiated newborn
animal remains lying. Stockpersons occasionally
have difficulty in finding the newborn calves of
these cows. Not infrequently the calf is found more
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Fig. 19.3. (a) An alien lamb has the fleece of a ewe’s
dead lamb fitted over it; (b) the alien lamb with the
fleece is allowed to stand by the ewe; (c) the alien lamb
is allowed to suckle.

(a)

(b)

(c)



than 100 m from the spot where the cow is
observed. The link to the dam is initiated at the
time of first nursing and improved on subsequent
occasions when she returns to the calf in order to
feed it. The mare shows quite the opposite relation-
ship with the ‘follower’ newborn, refusing to leave
it from the moment of birth.

With any mammalian species, after the first few
days post-partum, the nursing pattern is deter-
mined by the young and by the mother, the dam
often making herself available for nursing almost
continuously. As a parallel development, the mater-
nal behaviour becomes primed for the defence of
the young. This defensive disposition causes some
mothering animals to be singularly aggressive
towards all other animals, including man.

Milk ‘Let-down’

All nursing and suckling behaviour is directed at
the transference of milk from the mammary gland
of the dam to the stomach of the young animal.
The removal of milk from the mammary gland,
however, is not by simply mechanical withdrawal
alone: it requires also a positive milk-ejection
process in the dam. Milk ejection occurs as a reflex
and is an active, unconscious process. This milk-
ejection reflex is commonly termed the ‘milk let-
down’. The reflex is manifested by a sudden rise in
milk pressure after stimulation, which usually
includes that of sensory nerve endings in the teat.
The entire reflex path is a neuroendocrine arc,
which usually commences with udder stimulation
and passes via peripheral and central nervous sys-
tems to the hypothalamus and the posterior pitu-
itary, where the arc is continued with the output of
oxytocin. Oxytocin travels in the bloodstream to
the udder, where a sudden rise in milk pressure
then occurs. With the establishment of this pres-
sure, passive withdrawal of milk by the sucking
animal is facilitated. It seems that the elevation in
plasma oxytocin is associated with a feeling of
pleasure in the mother mammal.

The mechanism clearly requires activation, e.g.
by vigorous nosing of the udder by the young, and
also requires time for oxytocin to circulate. The lat-
ter explains the slight delay in milk let-down that is
commonly noted, e.g. in the suckled cow. Evidence
of milk let-down is shown when the young remain
stationary, rapidly gulping the milk released as a
result of the rise in milk pressure. A circulation time
after oxytocin is administered by intramuscular

injection is required before let-down occurs.
Latency periods from time of administration of
oxytocin to time of milk let-down in certain species
have been recorded as follows: goat, 14 s; sow, 2 s;
cow, 50 s. Many cows will not let down milk unless
the calf is present (see Fig. 19.4).

Although the principal stimulus to milk let-
down is undoubtedly local physical stimulation of
the mammary gland, there may be other factors –
such as odour, sounds or visual stimuli – contribut-
ing to it. Conditioning occurs in the stimulation of
milk let-down; for example, cows respond to many
sounds and sights in the milking parlour by milk
let-down. The let-down of milk can be prevented
by factors leading to adrenaline (epinephrine)
release. The complexity of the mechanisms
involved in milk secretion makes it difficult to
determine the details of the physiological derange-
ment, but the inhibition of milk ejection, resulting
from loud noises or other disturbing stimuli, is
caused by the resulting circulation of adrenaline
(epinephrine) acting directly on the mammary
gland. Electric shocks given to cows experimentally
inhibit milk ejection if the shocks are administered
1 min before milking commences, but they have
little effect if given after milk flow has begun.
Practical experience supports the finding that milk
let-down can be easily prevented but not so easily
arrested.
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Fig. 19.4. This cow does not let down milk unless her
calf is present. The milker leaves one quarter (teat) for
the calf to suckle (photograph courtesy of A.F. Fraser).



The pig has complex nursing and suckling
behaviour, consisting of several distinct phases of
suckling by the piglets and a characteristic pattern
of grunting by the sow. Experimental findings sug-
gest cause-and-effect relationships between the dif-
ferent elements of sow and piglet behaviour and the
relationship of the behaviour of milk ejection.
Synchronous features of pig nursing and suckling
behaviour promote an even distribution of milk
among all littermates (McBride, 1963; Hemsworth
et al., 1976).

Nursing and suckling

Nursing refers to the behaviour of the dam while
the young are suckling. As a general rule, the pos-
tures are typically those of open, upright stance in
monotocous species and of recumbent extension in
polytocous species. The position adopted by the
bitch or mother cat is that which allows comfort-
able access to the teats by the relatively immobile
young puppies and kittens. The sow lies on her side
and, in the first hours of life, colostrum is available
continuously. The first-born piglets may go from
teat to teat taking colostrum (Hartsock and
Graves, 1976). Later-born piglets are less likely to
obtain sufficient colostrum for a variety of reasons
(Broom, 1983a). After about 10 h, milk let-down
becomes synchronized and periodic. The sow gives
a characteristic grunting call (McBride, 1963;
Whittemore and Fraser, 1974; Fig. 19.5) and milk
is let down simultaneously from each teat. The
piglets learn the call and the periodicity so they are
ready on the teats. The milk let-down lasts only
10–25 s and occurs every 50–60 min. This system
ensures that, provided there are not too many
piglets for the teats – normally 14 – all can suckle
satisfactorily.

The nursing position of the sow is full lateral
recumbency. Some sows lie on either side while
others favour one particular side. A small number
of sows stand at most sucklings. There may be
some adverse consequences of these postures. Some
sows, which habitually lie on one side to nurse,
have a reduced milk supply on that side. Sows that
nurse while standing often have lower milk yields
than those that lie. It may be that lactogenic udder
massage by piglets is restricted in abnormal pos-
tures and that this results in reduced lactation. This
seems a probable explanation, for milk flow can be
quantitatively stimulated by udder massage (Fraser,
1980a; Algers, 1989). Frequent episodes of udder

massaging may delude an observer into thinking
that suckling is more frequent than it really is. As
many as one-fifth of apparent suckling episodes
may involve no milk let-down.

In other domestic animal species, on the first
day of nursing activities the mother may feed the
neonate hourly throughout the day and night.
Later, the mother’s nursings may become less
frequent. At this time, although most mothers will
have accommodated their young on demand until
then, the maternal–offspring association may
undergo some equalization in which the mother
may not permit suckling at every instance.
Suckling attempts are not only responses to a need
for milk but may reflect instead a need for
comfort. When lambs are alarmed, for example,
they rush to suck their mothers, and the ewe tends
to stand her ground and accommodates the lamb
until her own flight distance is significantly
encroached upon.

Maternal behaviour is an exceedingly complex
phenomenon. A high degree of variability exists
both among mothers of different species and
among mothers of the same species. Certain aspects
of maternal care show improvement with succes-
sive parturitions. It was observed by Alexander et
al. (1984) that maternal behaviour, in the ewe can
change in the same subject as a result of learning
from one lactation to another.

The ‘maternal care complex’ is capable of pro-
gressive alteration as a consequence of the interac-
tion of genetic, physiological and experiential
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factors (Wolski et al., 1980). The status of the
mother in a social hierarchy also influences her
maternal abilities. Those females that occupy lower
positions in the social hierarchy may have poorer
access to the food supply and hence produce less
milk. In sheep, the poorest mothers are usually
those that are poorly self-maintained.

The Behaviour of the Neonate

As explained in Chapter 3, there are great differ-
ences amongst mammals and birds in the develop-
ment at birth or hatching. The altricial young of
the dog and cat can do much less at birth than the
precocial young of ungulates and game birds. The
neonatal kitten is able to respond to warmth and to
find and suck a teat; the neonatal puppy is only
slightly more developed. It is many days before the
stage of development of the neonatal lamb or calf is
reached. Many of the behaviour changes described
here for precocial mammals are shown later by
altricial mammals.

Parturition exposes the newborn animal to a
greater quantity and range of stimuli than it has pre-
viously experienced. Exploratory behaviour involves
response to fresh environmental features, including
the feel of a solid substratum and sounds, sights and
smells. Almost everything in its environment is unfa-
miliar except, perhaps, for some maternal features
such as voice and the smell of the amniotic fluid.

Immediately after its birth, the neonatal mam-
mal lies in extension. It soon raises the head and
neck, flexes the forelegs, completes rotation of its
sternum and flexes its hind limbs to rest on its ster-
num and one haunch. The head is shaken side-to-
side, following which the limp ears may become
mobile and later erect.

In the second stage of post-natal behavioural
development, the newborn animal attempts to rise
to a full upright stance in a series of movements typ-
ical of rising in that species. Such movements occur
much later in the relatively altricial kitten or puppy
than in the precocial ungulates. The newborn puppy
shows the ‘rooting reflex’ that increases the chances
of contact with the mother’s teat. Tactile and olfac-
tory stimuli and licking by the mother direct the
teat-finding movements (Manteca, 2002). Lambs
and calves raise their hindquarters before their fore-
quarters. Foals begin to rise by extending the
forelegs and raising the forequarters before the
hindquarters (see Fig. 19.6).

The labyrinthine neck reflex initiates this rising

process, and the anti-gravity function of the inner
ear system is functional in this behaviour. More
than one attempt is usually made to rise before the
newborn establishes upright equilibrium. A few
falls occur and it is common for a ‘half-up’ posture
to be attained and held momentarily as a first
measure of successful rising. Calves and lambs may
have their hindquarters fully erected while they are
still stabilized on their knees. Foals hold themselves
partially up for a while on one fully extended fore-
leg. In the foal, extension and muscular tension of
the forelimbs and neck are pronounced features of
the early upright stance before competent upright
mobility is established. When an upright posture is
established, in these several species, the limbs are
usually splayed to some degree before fine adjust-
ment of stance is acquired.

When the stance has been secured, attempts at
walking are quickly initiated. The first tentative
walking steps occur as the typical four-step form of
slow ambulation. In neonatal ambulation, unsteadi-
ness is a prominent feature. In ungulates, this is
apparently exaggerated by the presence of the
eponychia, or collagenous pads over the sole of the
fetal hoof. These pads have a protective role during
fetal movements and are still present on the plantar
hoof surfaces during the first walking activities.
This soft eponychial tissue rapidly becomes shred-
ded and removed from the soles by wear 
during early ambulation. The unsteady form of
locomotion may further secure maternal attention.
Neonatal motility in general appears to stimulate
maternal concern and may promote the formation
of the maternal bond.
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Fig. 19.6. First rising attempt by newborn foal (drawing
courtesy of A.F. Fraser).



Neonatal domestic mammals vary in visual abil-
ity, from the kitten whose eyes are not yet open to
the ungulate that may be rather myopic, with a high
degree of close visual competence at the expense of
long-range vision and visual accommodation; or
may be able to see well at all distances. Exploratory
activities towards the dam typically take the form of
close examination, by nosing with the head and neck
fully extended on the same level as the trunk. Such
actions facilitate the learning of maternal and hence
species characteristics. There is variation amongst
species in the details of their responsiveness, but
these include close visual examination in the species
that can see, the use of tactile hairs or vibrissae on
the neonate muzzle and the olfactory function in this
context. Undirected sucking towards the mammary
gland may be facilitated by discrete maternal adjust-
ments in posture. Once a teat-like protrusion is
encountered, grasping and sucking occur.

These neonatal activities are the components of
teat-seeking. Teat-seeking persists for two or more
hours in the absence of reward. However, these
attempts will wane in time and the orientation of
the newborn towards the mother can then diminish
and terminate. After successful suckling, teat-seek-
ing becomes reinforced and learning occurs.

Foals

The average times taken by newborn foals to carry
out various movements and activities are shown 

in Fig. 19.7 and Table 19.1. A great deal of
exploratory behaviour is shown by the newborn
foal. Much attention is directed towards the pas-
ture, the ground, the premises and their boundaries
and other objects in the environment within touch-
ing distance. In the course of this exploratory activ-
ity, the foal nibbles and mouths unfamiliar objects.
Through such keen exploratory behaviour they
acquire familiarity with allocated space and famil-
iar territory is quickly adopted as the home range,
for which they then have affinity.

During the first week, foals spend most of the
day resting. In the next 2 or 3 weeks they rest about
half of the time. They typically rest in a flat-out
recumbent posture. Over 6 months, physical and
physiological maturity of the chest and lungs do
not allow them to lie flat so often and they then 
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Table 19.1. Sequence of equine neonatal activities.

Time 
Activity post-partum (min)

Head-lifting 1–5
Sternal recumbency 3–5
First rising attempt 10–20
First standing 25–55
First suckling attempt 30–55
First successful suckling 40–60
First defaecation 60
First urination 90
First sleep 90–120

200

N
um

be
r 

of
 fo

al
s

100

0
60 90 12030

Time (min)

150

Sucking
Standing

Fig. 19.7. Estimated time taken for newborn foals to stand and suck. Data taken from initial suckings observed in 435
foals, mostly of thoroughbred breeding.



lie in sternal recumbency more frequently. Groups
of foals tend to lie down together, and this group
effect of resting behaviour is very noticeable in
larger breeding herds.

After standing, the foal suckles after an average
interval of 21 min. In the following few days it sel-
dom goes more than 1 h between sucklings (see Fig.
19.8). By 6 months of age the foal’s suckling
episodes are reduced to about ten per day. From 1
week onwards, foals gradually begin to eat grass.
At first the young foal spreads and flexes its
forelegs to reach grass and for a week or two, until
its neck has grown, it is unable to walk and graze
simultaneously. Foals graze about 15 min/h by
about 3 months of age.

Calves

The newborn calf is licked vigorously by its mother,
often being lifted partially from the ground by the
mother’s tongue, and may be encouraged to stand
by this stimulation (Broom, 1981; Edwards and
Broom, 1982). First standing usually occurs

between 30 and 60 min after parturition, except
where birth has been difficult (Edwards, 1982; Fig.
19.9). In studies of zebu (Bos indicus) calves, the
time to standing was 50 min in males and 40 min in
females (Paranhos da Costa and Cromberg,
1998b). The calf adopts a crouched stance with
legs partly spread, shoulders lowered and the head
and neck fully extended. It soon approaches a ver-
tical surface like the leg of the mother or a wall and
nuzzles against it. The nuzzling is concentrated at
nose height and occurs more vigorously if a hori-
zontal surface joins the vertical surface at about
this height. This behaviour results in exploration of
the underbelly of the mother or, if encountered by
the calf, of the underside of a table 75 cm high. The
point where the leg meets the horizontal surface
elicits the most attention.

Selman et al. (1970a, b) emphasized that the
shaded underbelly of the cow is attractive to the
calf during its exploratory nuzzling. If the calf
starts nuzzling at a foreleg it may spend some time
exploring the axilla and, if the exploration is by the
hind leg, the inguinal region may receive close
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Fig. 19.8. Foal suckling behaviour often includes tail movement at the time of milk let-down (photograph courtesy of
A.F. Fraser).



attention. Calves lick and suck at any protuberance
they encounter during their exploration. If a teat is
found, the calf will take it in its mouth and suckling
will begin. The exploratory nuzzling behaviour is
usually referred to as teat-seeking, as it is termi-
nated by finding a teat, but it may be prolonged if
no teat is found. Many calves fail to find a teat dur-
ing their first search and some fail after several
attempts. Edwards and Broom (1979) and
Edwards (1982) found that half of all calves of
cows in their third or later parities failed to find a
teat within 6 h of birth (see Fig. 19.10). This is
because the pendulous udder and fat teats of older
cows make teat-finding difficult. The calf ’s search-
ing results in success in more than 80% of heifers’
calves but often fails if the searching is directed at
body underside level and the teats are much lower
down. A variety of other factors affect the length of
the delay before successful suckling and colostrum
ingestion (see Fig. 19.11). For example, twin calves
are often weaker than single calves and require two
to three times as long to begin suckling.

The calf benefits from being licked by the dam,
in order to stimulate physiological functions such
as urination, defaecation and general awareness.
Newborn calves normally suckle five to ten times a
day, with each nursing session lasting up to 10 min.
The number of suckling bouts usually decreases
with age, but this may vary depending on the rate
of growth of the calf and the milk yield of the cow.
Older calves graze as well as suckling from the cow.

Calves at 6 months of age suckle about three to 
six times per day. Dawn is a common nursing 
time; other nursing bouts are centred around mid-
morning, late afternoon and about midnight.

Inter-sucking is a common problem among
bucket-fed calves raised together in crowded
groups. Such inter-sucking can occur very fre-
quently and can cause skin inflammation.
Prolonged sucking of the ears, the umbilical region
or the prepuce is typical. Calves that indulge in
inter-sucking are often unthrifty, especially if urine
drinking occurs. Calves with wet ears from sucking
by others may have them frozen in extremely cold
weather. The provision of a teat supplying water
can substantially reduce inter-sucking in group-
housed calves (Vermeer et al., 1988). The persist-
ence of inter-sucking behaviour in adult stock is not
uncommon, especially in dairy herds: in a problem
dairy herd, as many as one-third of the calves and
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one-tenth of the cows may be affected. Social facil-
itation by other milking cows may increase the inci-
dence of the behaviour. Since the condition is
difficult to control, culling of offending animals is
usually necessary and it therefore represents a seri-
ous economic problem that is absent in most herds.

Increasing attention is now being given to num-
bers of calves being fostered on nurse cows to feed
naturally. When cross-fostering is attempted, the
normal procedure has been to present a cow,
already in milk, with several young calves, perhaps
newly born. Research on fostering has shown a
much higher degree of success when the young
calves to be fostered are presented to the nurse cow
immediately following her parturition, before she
has adopted her natural calf but while she is still in
the sensitive period of maternal awareness. At this
time such cows readily adopt numbers of fostered
calves and continue to facilitate their suckling sub-
sequently so that these calves grow better. In select-
ing calves for fostering it is necessary to realize that
calves which have not suckled naturally at all in the
first 6 days of life are unable to suckle later on a
lactating cow.

Lambs

Lambs can stand, walk and suckle within the first
hour, although many of lighter birth weight (e.g.
under 3 kg) may require 2 h. After the first success-
ful suckling they become recumbent and sleep;
their senses of sight and hearing are evidently well
developed.

Vision is important in the sensory development
of young lambs, since they are followers and char-
acteristically move with their mothers throughout
the post-natal period. In following the ewe very
closely, the lamb often puts its head down close to
the dam’s head while she grazes. Young lambs rec-
ognize their own mothers very rapidly and some-
times will not respond to strange ewes when still
only 1 day old. Since this recognition and following
response occurs at a distance from the ewe, vision
must be involved (Morgan and Arnold, 1974).

The earliest sensory experiences received by
lambs are tactile and olfactory, followed by audi-
tory and visual signals, all of which the lamb learns
very rapidly. The odour of the inguinal region is
used by the lamb when seeking the udder, and the
temperature and tactile characteristics of the udder
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Fig. 19.11. Summary of factors leading to inadequate colostrum intake by calves (after Broom, 1983a).



result in the lamb spending some time exploring its
immediate vicinity (Vince, 1983, 1984). Sound and
vocalizations influence lamb behaviour very
strongly. It has been shown experimentally that
lambs can hear maternal bleating and throat rum-
bling sounds before they are born (Vince and
Armitage, 1980). The sounds in utero are attenu-
ated particularly in the higher frequencies. Since
the rumbles have no high frequencies, they may be
familiar sounds when the lamb is born, particularly
since different ewes have different rumbles. After
birth, the lamb first hears a low rumbling sound
made by the ewe as she licks the lamb dry. The
structure of rumble sound is very different from
that of bleats. These rumblings made by ewes seem
to help the lamb orientate to the ewe. This sound
also keeps the newborn lamb near to the ewe, par-
ticularly in the dark, when mixing with other ewes
and lambs (Shillito, 1975).

When a ewe is separated from her young she and
the lamb will ‘baa’ until they are brought together.
Even adult members of the flock that become disen-
gaged from the others will ‘baa’. They increase in
vocalization and become more animated in
attempts to locate the main flock. Increased vocal-
ization has been shown to be accompanied by
increased mobility. Vocalization in a young lamb
separated from its dam, or an adult sheep separated
from the main flock, tends to be fairly intense ini-
tially. It declines, however, after about 4 h of con-
tinuous separation.

Most newborn lambs are able to stand within
the first half-hour following birth, and nearly all
are able to stand within the first 2 h. The lamb’s
first attempts to suck are usually unsuccessful; it
often seeks out the teat by nosing between the
forelegs of the dam or any nearby object which the
lamb may feel has maternal properties. If, at this
point, the newborn fails to find the teat or is pre-
vented from doing so by the behaviour of the
mother, it may cease its attempts to suck.

Within about 1 h of birth, approximately 60%
of newborn lambs have begun to suck and, in nor-
mal cases, nearly all lambs have sought out the
udder within the first 2 h. Once the newborn lamb
is able to stand, it sucks and nibbles at any object at
hand; this is usually the coat of the dam. While the
dam is removing the placenta from the lamb, the
latter finds its way to the region of the teats and
udder. Sometimes, the lamb is prevented from suck-
ing by the diligent efforts of the mother to remove
the placenta. Again, if the udder is too large, the

newborn may find the teat difficult to grasp.
However, once the newborn can facilitate milk let-
down by its nudging movements pushing the teat
cistern upwards into the udder, progress in locating
the teat again and sucking becomes very rapid. In
the first week following birth, lambs suckle very
frequently, sometimes on 60 to 70 occasions during
the 24 h period. The duration of suckling at this
time is usually from 1 to 3 min, but later on the
young are seldom allowed by the dam to suckle for
periods of over 20 s.

Sometimes, the dam facilitates suckling by lifting
her hind leg on the side at which the newborn is
attempting to suck. One aspect of behaviour char-
acteristic of the newborn lamb is the vigorous wag-
ging of its tail when involved in nursing. It has been
postulated that this is a mechanism that entices the
dam to smell the anal region and so recognize her
young, for some ewes do not discourage the
approach of another newborn if it is similar in
appearance to her own.

Piglets

Piglets stand very quickly and move around the
sow soon after birth, following the edge of her
body. Their first response is to any nearby object,
which is then investigated by the nose. Piglets have
an extensive innervation in their snouts, the senses
of touch and smell being very important in piglets.
The smell and taste of the piglet’s amniotic fluid
expelled post-partum by the sow may help to keep
the piglet near the sow. As with lambs, pre-natal
sound could be an influence on piglet post-natal
behaviour. Sows are generally vocal and the piglets
are likely to have heard the sow’s voice before
birth. Newborn piglets learn to run to the sow’s
vocalizations, especially the low-pitched grunts
produced before milk let-down (McBride, 1963;
Whittemore and Fraser, 1974), and they learn to
communicate by vocalizing themselves.

Although piglets can walk, see and hear within a
few minutes of birth, certain physiological mecha-
nisms, such as temperature regulation, are not fully
developed at this time and temperature conserva-
tion by huddling is therefore a prominent feature of
neonatal behaviour in the pig. Newborn piglet
mortality is high, commonly about 10 or 15%
before weaning. Most of this mortality is due to
crushing by the mother on commercial pig units.
Normal healthy and well-fed piglets show positive
orientation to their litter-mates and the sow’s
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mammary region. Disorientated piglets and those
that are weak are more liable to become crushed or
chilled. Many young piglets fail to obtain sufficient
colostrum or milk and hence are weakened or more
susceptible to disease (see Fig. 19.12).

Fostering of extra piglets on to sows is relatively
easy in the first day or two after parturition,
because sows generally accept piglets coming from
their own nest. Hence, the alien piglets may be
accepted. However sows often show aggression to
piglets fostered at more than 2–4 days of age, and
piglets fostered at more than 7 days of age do not
gain weight at the normal rate (Horrell and
Bennett, 1981; Horrell and Hodgson, 1985).

One consequence of the acceptance of alien
piglets by sows is that group farrowing can lead to
the strongest piglets from several litters getting
much milk and the weakest being ousted from their
own mother’s udder (Bryant et al., 1983).

Much study on suckling behaviour in pigs has
been focused on the preference of young piglets for
specific teats (Fraser et al., 1979). Piglets generally
suck the same teats, forming a teat order. This
order develops among piglets within their first day
of life, often within an hour or so of birth. The
order is altered when the sow first rolls over to feed
the litter from the other side. Many observers have
noted the singular preference piglets show for the
anterior (pectoral) teats, but the real preference is
for a productive teat wherever it is on the udder

(McBride, 1963). Piglet birth weights alone do not
determine the outcome of these teat competitions,
but very light piglets are at risk in their competitive
world, especially if functional teat places are fewer
than or equal to the total number of piglets.

Each suckling by piglets begins with a massaging
operation in which the piglets rub their snouts
forcefully in upward and circular directions into
the mammary region of the sow. The area mas-
saged by an individual piglet is equivalent to a sin-
gle segment of the mammary gland. The massaging
process lasts approximately 1 min. This is followed
by milk ejection from the dam, a process that lasts
an average of 14–20 s, during which time the
piglets suck vigorously. A final massaging opera-
tion follows, which occupies variable periods of
time, being frequently protracted.

Sometimes, extended association occurs between
the sow and her litter, and another feature of piglet
nursing can be observed then. After feeding, som-
nolent, recumbent piglets may retain attachment to
teats. As a result, adherence can persist between lit-
ter and dam from one feeding period to another.
When this occurs it will tend to ensure that the teat
order’ is preserved and that the entire litter feeds at
each let-down of milk. Such adhesive behaviour
would appear to have great survival significance by
reducing agonistic behaviour and by operating
against inanition.

Undue aggressive behaviour within the litter
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eliminates an increasing number of piglets from the
established teat order. Disturbing factors, such as
frequent movements by the sow, can lead to
increased agonistic behaviour in the litter, as a
result of which places in the teat order are lost and
mortalities increase. The initial sign of loss of teat
position is disorientation in the piglet’s suckling
behaviour, and such disorientated piglets are prone
to being crushed beneath the sow, as is the case also
in disorientation due to inanition. In litters larger
than 14, where disturbing factors are great because
14 is the average number of teats on a sow, there is
a significant increase in the numbers of piglets
fatally crushed by the sow.

Further Reading

Parental care: evaluation and control

Clutton-Brock, T.H. (1991) The Evolution of Parental
Care. Princeton University Press, Princeton, New
Jersey.

Poindron, P., Caba, M., Arrati, P.G. and Krehbiel, D.
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20 Juvenile and Play Behaviour

Juvenile Behaviour

Calves

When calves are weaned they begin to show the
clearly defined maintenance activities characteristic
of adults. Adolescent calves that have acquired
behavioural schedules learn to anticipate feeding
times and show restlessness as these times
approach. Calves at pasture with their mothers and
others in a suckler herd form complex social rela-
tionships (Kiley-Worthington and de la Plain,
1983; Benham, 1984). More nearest-neighbour
associations occur in groups formed of calves
reared in a group than in calves reared in isolation.
When they are grouped together for only a few
days of contact, calves in pairs create a bond, and
consequently contribute toward the stability of any
group into which they are put. Calves grouped in a
lot with no previous social contact form an affiliate
group within a week (Kondo et al., 1983).

Lambs

For the first few weeks of life, lambs stay quite
close to their own mothers. By 1 month of age
young lambs spend two-thirds of their time in the
company of other lambs. By this age play is well
developed. The gambolling form of play in this
species is very typical. The play involves upward
leaps, little dances and group-chasing. Play is
reduced as lambs grow and is becoming rare by 4
months.

Lambs reared in isolation do not respond to
other lambs or ewes. Exploratory behaviour in iso-
lated lambs is adversely affected. Such lambs will
not inspect a new object or run and chase other
lambs. They withdraw from novel environments,
vocalize less and are slow to initiate movement and
investigate any new object or run and chase other
lambs (Zito et al., 1977). Lambs reared in peer
groups without mothers behave similarly to lambs
reared with their ewes. The main effect on isolated

lambs is not, therefore, the result of maternal dep-
rivation but of social deprivation. Twin lambs
develop a strong bond with one another and learn
to recognize each other’s voices and appearance.
They stay nearer to each other than to other lambs
in the stock when given a choice.

Lambs can find their dams when they are out of
sight, by identifying their voices (Shillito-Walser et
al., 1981). This ability improves with age, up to 3
weeks, and seems to vary between breeds. A lamb
answers bleats more quickly when they are made
by its own dam. When a ewe hears her lamb bleat
she may help her lamb to find her by bleating
promptly in reply. Ewes are inclined to bleat when
they hear a lamb bleating, but become more
specific in replying as their own lambs get older. As
a result, lambs of 6 weeks can use vocalizations to
find their ewes very easily.

The distance of the lamb from its dam depends
on her activity. If the ewe is lying or walking, the
lamb is usually within 1 m of her; if the ewe is
grazing the lamb has greater freedom of distance
and activity. The distance between ewe and lamb
when both are grazing increases rapidly over the
first 10 days of life, reaching a final average dis-
tance of 20 m, which is the average social distance
between dam and offspring when grazing on
pastures of abundant feed.

Lambs are strongly influenced by the food the
ewes eat, and this later affects their own choice of
food. The pattern of grazing in lambs of 6 months
of age has been determined by the breed of ewe
that reared the lamb. When Welsh Mountain
lambs were cross-fostered on to Clun Forest ewes,
they grazed restrictively as Clun Forest sheep,
whereas Clun lambs reared by Welsh Mountain
ewes grazed in a wide area over the hills, as did the
breed that had reared them. Lambs reared by
mothers that ate grain whilst the lambs were very
young and taking only milk were more likely to eat
grain when older than were lambs whose mothers
ate no grain (Keogh and Lynch, 1982).



Foals

The maturing foal gradually undertakes sorties of
increasing distance from its mother, and progres-
sively spends more time playing with other foals as
it grows. The equine bond, however, persists over
1–3 years and can remain strong even when later
siblings are born. A behavioural expression of this
bond is the head overylay position, in which the
foal puts its head over the neck of the mother (see
Fig. 20.1) or the mother puts her head on the neck
and forequarter of the foal (see Fig. 20.2).

As the foal matures it suckles less frequently,
perhaps only about eight to ten times per day at 6
months. From 1 week onwards foals gradually
begin to eat grass. They graze for about 15 min per
daylight hour by about 3–4 months of age. By 1
year of age foals spend about 45 min per daylight
hour in grazing activity. At first, the young foal
must spread and flex its forelegs to reach grass and,
for a week or two, it is unable to walk and graze
simultaneously. Foals spend most of the day resting
during the first week. In the next two or three
weeks they rest about half of the time. Foals typi-
cally rest in lateral recumbency until they are over

6 months, when physical and physiological matu-
rity requires them to lie flat less often and to lie in
sternal recumbency more frequently. Groups of
foals may lie down together, and social facilitation
of resting behaviour is very evident. In a herd of 15
mares and their foals, the foals, of 7–16 weeks of
age, were found to associate in fairly fixed groups
of two or three.

Piglets

Piglets suckle frequently when they are young. As
piglets mature, the number and duration of suck-
ling bouts gradually decreases from about one
every 20–30 min in the first few hours of life to
about six per day at 2 months of age (Fraser, 1974).
Piglets attempt to eat solid food by 710 days of age.
They are particularly attracted to solid food that
is sweetened and formed into small pellets. Solid
food intake, however, does not become substantial
until about 3 weeks of age unless the piglets are
milk-deprived. Young piglets quickly learn to eat
the same solid food as their mothers and often
attempt to share the sow’s food with her. Piglets

Fig. 20.1. Head overlay by foal on mare (photograph
courtesy of A.F. Fraser).

Fig. 20.2. Head overlay by mare on foal (photograph
courtesy of A.F. Fraser).
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show a normal discipline of defaecation, which
develops rapidly over the first few days of life.
Normal piglet defaecatory behaviour by 4 days of
age shows clear preferential use of a communal and
restricted dunging area, which is usually the corner
of the premises furthest removed from the sleeping
area.

Piglets sleep for about 26 min/h and for the first
5 weeks of life, on average 10.5 h/day. This con-
trasts with pigs of 3–4 months of age, which sleep
about 8 h/day. The duration of paradoxical, or
REM, sleep decreases as piglets develop. Young
piglets commonly sleep in a crouched position,
with all four legs folded under the body.

Vocal activity is a prominent characteristic of
young pigs. The division of piglet vocalization into
five different classes has been defined as follows by
Jensen and Algers (1983):

1. ‘Croaking’. Tonal, short sounds, poor in
formants; frequently uttered at the beginning of a
nursing. The most typical feature was that the
starting and finishing frequencies were approximately
equal, while the maximum lay higher and was
reached at the middle of the short duration.
2. ‘Deep grunt’. Non-tonal, short grunts, rich in
formants; uttered throughout nursing; no
measurable pitch change. Its most typical feature
was the low frequency, making it the only class of
piglet calls with a basic frequency < 1 kHz.
3. ‘High grunt’. Grunts resembling ‘deep grunts’
except for the basic frequency, which lay
approximately 1 kHz higher.
4. ‘Scream’. Long, tonal calls with a considerable
positive pitch change. Often uttered in within-litter
aggressive interactions. Negative pitch change
occurred only in a few instances.
5. ‘Squeak’. Calls resembling the ‘screams’ except
for the moderate positive pitch change. Like the
‘scream’, it was often uttered in aggressive interac-
tions between littermates.

The within-class variability was very low and few
intermediate patterns occurred, giving this vocal
pattern stability. Piglet calls during nursing do not
form a continuum of sounds, but consist of five dis-
crete classes with a certain within-class variation.
Part of this variation is due to differences between
individuals, but a few differences also occur within
individuals. Some of the variation within the piglet
call-classes relates to frequency and duration. The
specific part of a piglet’s vocal signal is rather con-
stant, however, and variations only alter the com-

munication specificity to a small extent. Piglets that
are hurt show screams of higher and more variable
pitch (Wemelsfelder and van Putten, 1985).

Poultry

The domestic chick is active while within the egg.
Before hatching it attains an upright position, with
the head and neck elevated. It gives various calls
within the shell: calls of distress and satisfaction
have been identified. When the chick breaks
through the shell it quickly seeks a source of heat,
making characteristic calls as it does so. The natu-
ral heat source is the broody hen, with which the
chick makes very close physical contact after hatch-
ing. Thereafter, close company with the hen is
maintained as the chick matures, and this provides
opportunities for learning to refine the behaviour
of maintenance. The clutch of chicks with a hen
maintains a close association with her and readily
recognizes her physical characteristics and calls.
When the process of physical development of the
chick causes the down to be lost from the head, the
hen rejects it. The clutch then becomes dispersed
and more dependent on self-maintenance activity,
while still associating with the flock in general.

The turkey poult, like the chick, is active within
the shell before hatching. After hatching, the poult
is very mobile. Great social cohesion within poult
groups is notable from the first day after hatching,
but attachment to the hen turkey is also evident.
Vocal and visual signals are used in the mainte-
nance of close contact. As with the chick, this affin-
ity facilitates the learning of certain critical
activities, particularly feeding. Some artificially
incubated poults are unable to initiate feeding or
drinking and may die as a consequence of the lack
of maternal association and the learning facility
this provides. After 3 months of age, social hierar-
chies become formed in turkey groups.

Behavioural Aspects of Weaning 
and Puberty

Weaning and puberty are the two major events in the
course of development of the young mammal.
Successful weaning marks the survival of the animal
beyond the immature period of dependence on its
mother’s milk, and the passage of puberty puts the
subject into the ranks of reproducing adults. Both
events are often associated with temporary but acute
turmoil and changes in behavioural orientations.
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Weaning

Conditions of domestication often ensure that
weaning is not naturally determined. Dog and cat
breeders may separate puppies and kittens from
their mothers a little earlier than the time that
would occur if left to mother and offspring. Most
systems of livestock husbandry enforce relatively
early separation between calf and cow, piglet and
sow, lamb and ewe. In dairy cattle management,
the young animal is taken away from the mother
soon after birth or no later than that required for
colostrum intake. This leads to some signs of dis-
turbance, in the form of increased heart rate and
vocalizations (Hopster et al., 1995). In other farm
species the young are left with their mothers until
the dam’s peak of lactation has passed and until the
young animal has developed feeding activities alter-
native to nursing.

These systems of artificial weaning are usually
carried out abruptly. The separated dam and young
vocalize continuously, calling for one another. The
normal forms of behaviour become disturbed, and
grazing and resting may virtually cease. After a few
days the separated parties re-adopt normal behav-
ioural activities and the divisive process is con-
cluded. This sudden withdrawal of nursing
facilities usually hinders, temporarily, the growth
of the young animal, but there appear to be no
other untoward sequelae to sudden weaning after a
long suckling phase. In dairy calves, the term wean-
ing is applied to the cessation of milk feeding. In a
group-feeding situation, abrupt weaning may cause
fewer problems than gradual weaning (Barton,
1983a, b).

Although it is not often that sheep and goat
mothers are left with their young long enough for
natural weaning to occur, this occasionally happens
in both species. Such weaning occurs when the
young are between 3 and 6 months old, and the
natural weaning process is a progressive one.
Mothers tend to lose interest in their young quickly
after natural weaning and the young are then liable
to become separated from the flock. Lambs of 4–6
weeks of age suckle about six times per day.
Evidently, by 4 weeks of age, the gradual weaning
process of the young sheep has begun.

Two points regarding natural weaning are worth
noting:

1. Before weaning, whether this takes place
suddenly or gradually, the young animal must
adopt the feeding behaviour it will retain into adult

life. Much of this adult feeding behaviour is
acquired by imitation of the parent in the selection
of feed and manner of eating. It is likely that the
roughage of adult feedstuff, in contrast to milk, will
better satisfy hunger and so condition the young
animal to its ultimate feeding behaviour.
2. The aggressive behaviour sometimes shown by
the mother to her own young at the time of the
latter’s weaning seems in sharp contrast to the
general character of maternal behaviour, although
an aggressive facet is often apparent in the mother’s
responses to alien young. The ewe normally allows
only her young to suckle and she vigorously drives
away and avoids others. This acceptance of her own
young and active rejection of strange young depends
on the bonding process of the early sensitive period
during the first few hours after parturition. In
dramatic forms of weaning, what appears to be
happening is a reversal of the cognitive processes of
the critical sensitive period as a result of which the
mother’s own young become regarded more like
aliens. Whatever the nature of the developments of
any counter-critical period might be in the mother, it
would appear that the fairly sudden undoing of these
developments is involved in weaning aggression.

The age of weaning of piglets in extensive, semi-
natural conditions is 12–17 weeks. Since com-
mercially reared piglets are often weaned at 4 weeks,
and sometimes as early as 2–3 weeks, all of these are
early weaned. As a consequence, they show various
abnormalities of behaviour. Especially when weaned
before 4 weeks of age, the piglets deprived of their
mother are likely to suck one another. This is
obvious as belly-nosing behaviour. Early weaning
can also lead to excessive snout-rubbing and
increased aggression between piglets. A combination
of separation from the mother and lack of space may
lead to abnormalities in piglet defaecation.

Puberty

Puberty has been variously defined as follows:

● The period when the sexes become fully
differentiated.

● The period when secondary sexual characteristics
become conspicuous.

● The stage when there is an ability to elaborate
gametes.

● The ability and desire to effect sexual congress.
● The time when reproduction first becomes

possible.
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● The period of activation of the neural tissues
that mediate mating behaviour.

● The termination of infant sterility.

Puberty is taken here to mean the period when
effective mating can occur, such as the age when
oestrus is first noted in the female.

The contribution of experiential influences to the
development of hormone-induced behaviour is a
complex process and not one of simple learning.
Puberty in the dog depends on photoperiod and
exposure to sexual pheromones produced by the
same and the opposite sex, as well on the age and
weight of the animal. The age at which puberty
occurs is also affected by a range of variables in the
cat, and commonly occurs at 5–9 months of age
(Manteca, 2002). Mounting behaviour by young
male animals is not indicative of the emergence of
puberty, for pre-pubertal mounting is a common
occurrence. Mounting can be seen in very young
lambs, pigs, calves and kids. Young male domestic
chicks show copulation behaviour as early as 2 days
of age (Andrew, 1966). In lambs and kids, mount-
ing occurs in the first few weeks of life and in kids,
for example, it is quite evident that active mounting
has been a frequent activity by 6 weeks of age. This
is greatly in advance of puberty, which in the goat
has been estimated to occur at about 155 days of
age. A similar picture is presented by the pig, young
boars being capable of mounting long before they
are capable of copulation. About 50% of young
male pigs exhibit mounting behaviour before 2
months of age although puberty in the boar is com-
monly estimated at 7 months of age.

In cattle also, it is clear that active mounting
behaviour occurs so far in advance of puberty as to
bear little or no relationship to it. Prior to puberty,
the majority of bull calves can show good mount-
ing orientation. Improvement occurs in the mount-
ing orientation of calves as they acquire further
sexual experience. Most bull calves at the rear of
the stimulus animal orientate themselves appropri-
ately on the first breeding occasion, but 30%
mount inappropriately. The very young and those
in early puberty have a proportion of individuals
with poor mounting orientation and will frequently
attempt mounting the stimulus animal from the
side. Such lateral mounting in an adult animal is
indicative of immaturity in its reproductive
responses.

Observations have been made on the compara-
tive aspects of behaviour in young bulls and cas-

trates in free association in feeding yards. Young
bulls and castrates begin to show differences in
behaviour as early as 6 months of age. Young bulls
show more general activity, in mounting and riding
predominantly, while castrates do not exhibit these
features but show, instead, more nosing and lick-
ing. Evidently, there is a pre-pubertal differentia-
tion in behaviour between both groups.
Masturbatory activities in young bulls are usually
not noted until about 11 months of age – a period
that corresponds very precisely with the generally
accepted age of puberty in the bull.

The age of puberty may vary little from one indi-
vidual to another, but can be affected by various
environmental factors, particularly nutrition. The
pig is exceptional, however, since young females
receiving a low level of energy intake reach puberty
at approximately the same age as those receiving a
high level of energy intake. Male pigs that have
been undernourished also appear to reach sexual
maturation in the usual time. Although boars with
slow rates of growth take longer to acquire an ejac-
ulatory capacity than fast-growing boars, no effect
of restricted feed intake on sexual behaviour is
apparent after 7 months of age.

With cattle the picture is different. High planes
of nutrition tend to accelerate puberty, while poor
nutrition delays it somewhat. Inbred bulls take
longer than others to reach puberty. Even when
reared on different planes of nutrition, identical
twin bulls develop their sexual responses in very
similar fashion.

Experimentally, other factors of environmental
origin can exert some influence on the time when
puberty is attained in some animals. Ninety per
cent of young gilts, subjected to transportation,
exhibited early oestrus while, among control gilts
of the same age but not subjected to the same expe-
rience, only 28% showed such evidence of puberty
(du Mesnil du Buisson and Signoret, 1962). It is
concluded that external stimuli can lead to the
early manifestation of first oestrus in swine, and
this tends to occur 4–6 days after the stimulating
experience; the most effective experience of this
nature is exposure to the boar. In sheep, puberty is
determined more by seasonal factors than by age
alone, and this is most evident at latitudes furthest
from the tropics.

The reproductive responses of both sexes are not
usually fully developed with the first manifestation
of puberty. In males, libido continues to develop
for some time after puberty has been reached and,
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in the female, oestrus is often of less duration and
intensity at puberty than in the sexually mature age
groups.

When young and old ewes are run together with
the same ram, the older ewes show longer and
more intense oestrus than the younger ones, and
older ewes do not show short, weak oestruses in
the way that young ewes frequently do. Heifers
show variable characteristics of oestrus.

Play behaviour

All young animals must learn a variety of skills in
order to survive in the wild. Such learning has been
emphasized in those chapters and sections on feed-
ing, predator avoidance, body care, and so on.
Animals living socially have a much more complex
array of skills to learn. Each individual must learn
about how to communicate, how to act during
social interactions and how to assess its social role,
as well as about every other individual in its social
group and about all their relationships. Many of
the activities that may help in such learning are
referred to as play. The term is difficult to define as
it has been used for activities that may immediately,
or ultimately, be involved in any one of the func-
tional systems in animals.

The vigorous activities of young animals include:
(i) movement or manipulation of objects; (ii) chas-
ing; (iii) fighting without causing injury; (iv)
advancing towards then retreating from another
individual without contact; (v) acrobatics of vari-
ous kinds; and (vi) many variations. The idea that
these activities might have a function in the
improvement of physical fitness and social skills
was proposed by Brownlee (1954) as a result of his
work with cattle, and was reiterated by Dolphinow
and Bishop (1979) and Fagen (1976).

The term ‘play’ will be used for convenience, but
the usage of the word does not imply that the ex-
amples quoted are similar in motivational state or in
function. A wide range of actions, carried out
principally by young animals and which may pro-
vide useful practice or exercise, are included under
this general heading. Actions with an obvious and
immediate function are not normally referred to as
‘play’.

Activities referred to as play occur most often
in healthy young animals, and its absence may be
an indicator of poor welfare. Social play, such as
chasing and mock fighting, is common (see Fig.
20.3). Solitary play can take the form of manipu-

latory or locomotor movements. Elements of sex-
ual behaviour appear in the infantile play, of
lambs for example, as early as 2 weeks of age. On
these occasions lambs will mount each other,
clasp and perform pelvic thrusts. Mounting and
biting at play feature commonly in foals. This
may become aberrant biting if the infantile behav-
iour is encouraged to persist into adulthood.

Fig. 20.3. (a) Play in dogs involving tugging at cloth; 
(b) mock fight between dogs; (c) mock fight in which
one dog adopts a submissive posture (photographs
courtesy of D. Critch).

(a)

(b)

(c)
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Many play movements are truly patterned, for
example, by the regularity of gaits employed, and
these patterns are similar for every individual
member of the species concerned.

In their accompanying emotions and in the dura-
tion of action, the various play activities differ from
the non-play activities. In a competition situation,
when an animal has fled beyond the reach of its
opponent, flight ceases. When an animal has
repelled its opponent, fight ceases. Such cessations
are not observed in play, which may continue for
extended periods. The emotions of anger, fear, etc.
are absent in play.

Very young but mobile animals, show bursts of
sudden capricious behaviour as spontaneous acts
of locomotor play in the form of leaping, and
infant play appears to be important in the develop-
ment of motor ability and early social organiza-
tion. Solitary play is a form of exercise. It appears
that the system of neuromuscular play is satisfied
when the system is activated in exercise. It would
appear that animals are reinforced in playing, as
they play repeatedly and spontaneously. When
play is denied, as in chronic confinement, even in
the adult, an outburst of play activity is usually
seen in these animals on being released. The fact
that some exercise of muscles is involved in active
play does not necessarily mean that maintaining
body fitness is a major function of play. Byers
(1998) concludes that it is not a significant
function of play but that acquisition of social and
other skills is more important.

The play movements in the young often simulate
those seen in the adult activities of fighting, avoid-
ance, predation and sex-mounting. Many activities
in play occur as flight and hiding. Typically, these
adult activities are not functional in the young ani-
mal. Since it is fed and protected by its dam, it nor-
mally is not required to fight nor is it required to
initiate flight. As the sex organs are still immature,
true sex-mounting is not seen in the young. Yet,
although these activities are not required to be
carried out by the young, the neuromuscular
mounting requirements are in existence and are
included in the agenda of practice.

The simulated nature of play movements is well
illustrated in the play forms peculiar to each of the
different species of domesticated mammals. Young
horses use their teeth but do not head-butt in play;
adult horses use their teeth but do not head-butt
their opponents in fighting. In contrast, cattle do
not use their teeth but use head-butting, both in

play and in real fighting. Pigs show upthrusts of the
head both in play and in true fighting. Thus, in all
these species, similarly patterned muscular activities
are to be seen both in directly functional adult activ-
ities and in the corresponding simulated play activ-
ity. Real injury is seldom inflicted in a play-fight,
and no escape is truly achieved in a play-fight.

It appears that the system of neuromuscular play
is satisfied when the system is activated in exercise.
It would appear that animals are reinforced in play-
ing, as they play repeatedly and spontaneously.
Enriched environments are conducive to play.
Factors encouraging play include environmental
objects, dietary enrichment, social stimulation,
weather improvement, cessation of stress and
release from confinement. The tendency to play in
young cattle is increased by good feeding and
decreased by poor feeding. Calves gallop-play more
vigorously on bedded cement flooring than on bare
cement flooring.

The characteristic aspects of behaviour dis-
played in play activities by cattle are prancing,
kicking, pawing, snorting, vocalizing and head-
shaking. These are seen particularly in young
calves, although adults do occasionally indulge in
playful activities. Further manifestations of play
include trotting, cantering and galloping with the
tail at various angles of elevation; bucking, kicking
one hind foot, head-butting, pawing loose soil or
bedding, and mounting. Calf play also includes
butting each other or inanimate objects; they paw
the ground, goring bedding, threatening attendants
and making snorting noises in the course of playful
actions. Playful mounting behaviour is also com-
monly seen in calves. Male calves do more mount-
ing and pushing than female calves, and overall
spend more time in play (Reinhardt et al., 1978).
Bursts of play often occur when calves are released
from confinement, when freshly bedded, when
introduced to other calves and with other changes
in their routine or environment.

When play-pushing is typically initiated between
two calves; the pushing pair may attract a third
calf. As all three push one another, other couples in
the common group may also be induced to start
pushing.

The most common form of play between foals
involves nipping of the head andmane, gripping of
the crest, rearing up towards one another, chasing,
mounting and side-by-side fighting. There are sex
differences in foal play, with colts mounting more
frequently and engaging in general play more
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vigorously than fillies. Play in foals tends to be
more frequent in males than females. The response
of fillies to colt play is often withdrawal or aggres-
sion. Most play involves nipping or biting various
parts of the body, but also typical are running
about alone or in groups, or chasing with much
head tossing, sudden stops and starts, and kicking
of the hind legs in the air. Foals of 3 and 4 weeks of
age often have play bouts lasting 10–15 min. Such
bouts are usually initiated by one foal, developing
the bout from a mutual grooming episode by
changes to acts of nipping. A bout may be ended
mutually by the two foals separating or, more
often, by one foal simply turning away from the
other. Most foals play with foals that are of similar
age, but occasionally they play with foals differing
in age by 2–3 months.

Piglet play develops in the second week of life
and is a prominent feature of their total behaviour;
it is mainly in the form of play fights. Cheek-to-
cheek fighting, in which each piglet bites and roots
at the other’s face, neck and shoulders, is standard
practice. By several weeks of age, chasing and gam-
bolling are the common forms of piglet play; the
chases are usually brief. Playful individual behav-
iour involves rooting and mouthing of novel items.
Oral manipulation and exploration of the environ-
ment is a major feature of pig behaviour, extending
into adult life. Play in piglets is arrested during ill-
ness, as it is in other sick, young animals. In this
respect, indices of play can provide parameters of
health that could be put to greater use in the prac-
tice of preventive paediatric veterinary medicine.

Play is costly behaviour; it seems aimless, capri-
cious and inconsequential, and its sequences
include behavioural acts or sequences of behaviour
also occurring in high-risk adult activities, but the
products of these high-risk activities are absent
from play. The risk of death by predation is not
avoided as a consequence of play, conflict over a
contested resource external to play is not settled
and a zygote is not produced. Because play is so
risky and requires so much time and energy, the
question arises about beneficial effects that might
result from play that might compensate for its
apparent cost to the play animal.

There are, of course, great benefits to the animal
both immediately and ultimately. Fagen (1981)
outlines six possible benefits:

● Play develops physical strength, endurance and
skill, particularly in those acts or combinations

of acts used in social interactions having
potentially lethal consequences.

● Play promotes and regulates developmental
rates.

● Play experience yields specific information.
● Play develops cognitive skills necessary for

behavioural adaptability, flexibility,
inventiveness or versatility.

● Play is a set of behavioural tactics used in intra-
specific competition.

● Play establishes or strengthens social bonds in a
pair or social cohesion in a group.

The following is a list of the characteristic features
of play in domestic animals:

● There is a play appetence; the animal that is
ready to play is actively looking for an
opportunity to play.

● Social inhibitions exist, particularly avoidance
of injuring the partner.

● Use of inanimate objects or individuals of other
species as substitute playmates indicates lack of
stimulus specificity.

● Interruption in every stage by stronger stimuli,
such as loud noise or intruder, may occur and
indicates that play is not imperative once
started.

● Transmission of playing mood to other
individuals, particularly to playmates, shows
social facilitation.

● Inventing new individual or experimental play,
sometimes leading to new nervous and muscular
coordinations, can occur.

● Play patterns may be in the form of exaggerated
or uneconomical motility.

● Play patterns may be relatively unordered in
sequence from one time to another.

● Short sequences and repetitious motor patterns
are characteristic of play units.

● Animals repeatedly return to the stimulus
source.

● Rapid alternation of behaviour is a common
feature.

● The same behaviour may be directed at different
stimuli.

● It occurs in a relaxed situation in which there is
no imperative maintenance.

● It lacks a consummatory act as an end point.
● The play bout is typically preceded by a signal

that indicates ‘what follows is play’; these
signals may recur during the bout to keep it
continuing.
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● Actions repeated and performed in an
exaggerated manner are very characteristic.

● The activity appears pleasurable to the
participants by subjective deduction.

● Social play is characterized by the exaggerated
and uneconomical quality of the motor patterns
involved.

● This is most pronounced under the effects of
social facilitation.

● The individual movements making up the
sequence may become more exaggerated within
the play bout.

● Certain movements within the sequence may be
repeated more often than they would usually be
in non-play situations.

● Movements may be both exaggerated and
repeated.

● Individual movements within the sequence may
never be completed, and this incomplete element
may be repeated many times, indicating that
behavioural units in play are not essentially
linked as a chain.

● The normal temporal groupings of functionally
related actions can break down; elements of a
number of different types intermingle in the
same behavioural sequences, showing
permutation of units.

● Play lacks immediate, biologically adaptive
consequences.

● Play partners can change their roles frequently,
for instance during play fights.

● Play behaviour is practically repeatable ad
libitum and lacks the reaction-specific fatigue
that is characteristic of much behaviour.

● Play behaviour appears to be of vital importance
to animal life; the phenomenon of play, which
may have its roots in various fetal activities,
could become a basic factor in the determination
of good welfare, particularly as it relates to
normal development.

Further Reading
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21 Handling, Transport and Humane
Control of Domestic Animals

There is a great variety of ways in which the
behaviour of domestic animals can be controlled.
Many of these are time-proven and well known to
experienced stockpeople. Anticipating an animal’s
movement is the best means of exercising some
control over its behaviour.

Introduction

The handling, loading, transporting and unloading
of animals can have very substantial effects on
their welfare. By far the most frequently trans-
ported animals are chickens reared for meat
production. With transport occurring at least
twice, in 2005 more than 48 bn went as very young
chicks and 48 bn went to slaughter, so the total
number of journeys in the world was about 96 bn
(FAOSTAT, 2006). Figures for several farmed
species are shown in Table 21.1.

Animals going from farm to slaughter may pass
through a market. Based on data from the Meat
and Livestock Commission (UK), Murray et al.
(2000) reported that, in the UK in 1996, 56% of
cattle, 65% of sheep and 5% of pigs passed

through a livestock auction market. In a study of
16,000 sheep travelling to slaughter in south-west
England, the median journey duration was 1.1 h,
with very few journeys of more than 5 h, when the
sheep went directly from farm to abattoir, but was
7.8 h with over one-third of journeys 10–17 h
when they went via a livestock market (Murray et
al., 2000).

The first stage of a journey is the selection of
animals that will travel and the inspection of these
animals to check that they are fit to travel. Animals
are prepared for the journey, and this preparation
will depend on the species and the length of the
journey envisaged. For shorter journeys, prepara-
tion can include fasting before collection and pos-
sibly movement away from the main herd to
protect its health status. For longer journeys, where
watering and feeding will be necessary on the vehi-
cle, it can be an advantage to collect the animals
involved 2–3 days before the transport, so that they
can be prepared for the journey and become accus-
tomed to the feed that will be offered en route.

The animals then have to be loaded on to the
transport vehicle. This may be a road or rail vehi-
cle or a boat. During transport, animals will gradu-
ally relax and recover from the stress of loading.
Animal comfort during transport is highly depend-
ent on vehicle design, driving technique and the
roads being traversed. During transport, loading
and offloading will increase stress levels and the
risk of injury. Moreover, there will be a risk of
spreading disease. A vehicle of such a standard that
animals can remain on it during the resting, water-
ing or feeding period is required.

At the end of the journey to slaughter, animals are
unloaded at the slaughterhouse. Good facilities are
required for this. A period of lairage may occur
before slaughter. For most species, welfare is better if
the animals are not held in lairage before slaughter,
or if any lairage period is very short.
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Table 21.1. Numbers of selected farmed animalsa

produced in the world in 2005, most of which would be
transported to slaughter (from FAOSTAT, 2006).

Species Total (million)

Chickens (for meat production) 48,000
Hens (for egg production) 5,600
Pigs 1,310
Rabbits 882
Turkeys 689
Sheep 540
Goats 339
Cattle (for meat production) 296
Cattle (for milk production) 239

a Fish, often not transported, are excluded.



Transport

The vehicles used

Horses and cattle are normally carried in one-tiered
vehicles, but pigs and sheep may be carried in two-
or three-tiered vehicles. Poultry and rabbits are
usually carried in crates. These may be stackable
crates of such a size that a person can lift one of
them, or may be modular units that have to be
lifted with a fork-lift vehicle. On the vehicle, there
are air spaces between the rows of crates or
modules.

Some vehicles are air-conditioned, some have
well-designed, openable areas on the sides for
ventilation, some have poorly designed possibilities
for ventilation and some of the simplest vehicles
have open bars on the sides. The latter can provide
good ventilation. All but the worst vehicles provide
some shade and shelter from rain or other
inclement weather.

The suspension system in animal transport vehi-
cles varies from very good to negligible. The provi-
sion for loading animals also varies greatly. Some
vehicles are adapted for use with well-designed
ramps, while others have hydraulic lifts on tailgates
or floors (see Fig. 21.1). Many have very steep
loading ramps that cause poor welfare in all
animals loaded.

The following factors that can result in poor
welfare during animal handling and transport are
summarized, after Broom (2005a). There is a wide
range of attitudes to animals, and these have major
consequences for animal welfare. During handling
and transport, these attitudes may result in one
person causing high levels of stress in the animals
while another person doing the same job may cause

little or no stress. People may hit animals and 
cause substantial pain and injury because of selfish
financial considerations, because they do not
consider that the animals are subject to pain and
stress or because of lack of knowledge about
animals and their welfare. Training of staff can
substantially alter attitudes to, and treatment of,
animals.

Laws can have a significant effect on the ways in
which people manage animals. Within the European
Union (EU), the Council Regulation (EC) No 1/2005
‘On the protection of animals during transport and
related operations’ takes up some of the recommen-
dations of the EU Scientific Committee on Animal
Health and Animal Welfare Report, ‘The welfare of
animals during transport (details for horses, pigs,
sheep and cattle)’ (March 2002) and of the
European Food Safety Authority ‘Report on the
welfare of animals during transport’ (2004), which
deals with the other species. Laws have effects on
animal welfare provided that they are enforced.
Codes of practice can also have significant effects on
animal welfare during transport. The most effective
of these, sometimes just as effective as laws, are
retailer codes of practice, since retail companies need
to protect their reputation by enforcing adherence to
their codes (Broom, 2002).

Some animals are much better able to withstand
the range of environmental impacts associated with
handling and transport than are others. This can be
because of genetic differences associated with the
breed of the animal or with selection for produc-
tion characteristics. Differences between individu-
als in coping ability also depend on housing
conditions and on the extent and nature of contact
with humans and conspecifics during rearing.

Since physical conditions within vehicles during
transport can affect the extent of stress in animals,
the selection of an appropriate vehicle for transport
is important in relation to animal welfare.
Similarly, the design of loading and unloading facil-
ities is of great importance. The person who
designs the vehicle and facilities has a substantial
influence, as does the person who decides which
vehicle or equipment to use.

Before a journey starts, there must be decisions
about the stocking density of animals on the vehicle
and the grouping and distribution of animals on
that vehicle. If there is withdrawal of food from
animals to be transported, this can affect welfare.
For all species, tying of animals on a moving
vehicle can lead to major problems and, for cattle
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and pigs, any mixing of animals can cause very
poor welfare.

The behaviour of drivers towards animals whilst
loading and unloading – and the way in which
people drive vehicles – are both affected by the
method of payment. If people are paid more for
loading or driving fast welfare will be worse, so
such methods of payment should not be permitted.
Payment of handling and transport staff at a higher
rate, if the incidences of injury and poor meat qual-
ity are low, improves welfare. Insurance against
bad practice resulting in injury or poor meat qual-
ity should not be permitted.

All of the factors mentioned so far should be
taken into account in the procedure of planning for
transport. Planning should also take account of
temperature, humidity and the risks of disease
transmission. Disease is a major cause of poor
welfare in transported animals. Planning of routes
should take account of the needs of the animals for
rest, food and water. Drivers or other persons
responsible should have plans for emergencies,
including a series of contact emergency numbers
for veterinary assistance in the event of injury,
disease or other welfare problems during a journey.

The methods used during handling, loading and
unloading can have a great effect on animal
welfare. The quality of driving can result in very
few problems for the animals, or possibly in poor
welfare because of difficulty in maintaining
balance, motion sickness, injury, etc. The actual
physical conditions such as temperature and
humidity may change during a journey and require
action on the part of the person responsible for the
animals. A journey of long duration will have a
much greater risk of poor welfare, and some dura-
tions inevitably lead to problems. Hence, good
monitoring of the animals with inspections of
adequate frequency, and in conditions that allow
thorough inspection, are important.

Animal genetics and transport

Domestic animals have been selected for particular
breed characteristics for hundreds of years. As a
consequence, there may be differences between
breeds in how they react to particular management
conditions. For example, Hall et al. (1998) found
that introduction of an individual sheep to three
others in a pen resulted in a higher heart rate and
salivary cortisol concentration if it was of the
Orkney breed than if it was of the Clun Forest

breed. The breed of animal should be taken into
account when planning transport.

Farm animal selection for breeding has been
directed especially towards maximizing productiv-
ity. In some farm species there are consequences for
welfare of such selection (Broom, 1994, 1999).
Fast-growing broiler chickens may have a high
prevalence of leg disorders, and Belgian Blue cattle
may be unable to calve unaided or without the
necessity for caesarean section. Some of these
effects may affect welfare during handling and
transport. Some fast-growing beef cattle have joint
disorders resulting in pain during transport, and
some strains of high-yielding dairy cows are much
more likely to have foot disorders. Modern strains
of dairy cows, in particular, need much better
conditions during transport and much shorter jour-
neys if their welfare is not to be poorer than the
dairy cows of 30 years ago.

Rearing conditions, experience and transport

If animals are kept in such a way that they are very
vulnerable to injury when handled and trans-
ported, this must be taken into account when trans-
porting them, or the rearing conditions must be
changed. An extreme example of such an effect is
osteopenia and vulnerability to broken bones,
which is twice as common in hens in battery cages
than in hens that are able to flap their wings and
walk around (Knowles and Broom, 1990). Calves
are much more disturbed by handling and trans-
port if they are reared in individual crates than if
reared in groups, presumably because of lack of
exercise and absence of social stimulation in the
rearing conditions (Trunkfield et al., 1991).

Human contact prior to handling and transport
is also important. If young cattle have been handled
for a short period just after weaning, they are much
less disturbed by the procedures associated with
handling and transport (Le Neindre et al., 1996).
All animals can be prepared for transport by
appropriate previous treatment.

Mixing social groups and transport

If pigs or adult cattle are taken from different social
groups, whether from the same farm or not, and
are mixed with strangers just before transport,
during transport or in lairage, there is a significant
risk of threatening or fighting behaviour (McVeigh
and Tarrant, 1983; Guise and Penny, 1989; Tarrant
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and Grandin, 2000). The glycogen depletion asso-
ciated with threat, fighting or mounting often
results in dark, firm, dry (DFD) meat, injuries such
as bruising and associated poor welfare. The prob-
lem is sometimes very severe, in welfare and
economic terms, but is solved by keeping animals
in groups with familiar individuals rather than by
mixing strangers. Cattle might be tethered during
loading but should never be tethered when vehicles
are moving, because long tethers cause a high risk
of entanglement and short tethers cause a high risk
of cattle being hung by the neck. Mixing of pigs on
vehicles causes a substantial increase in aggression
(Shenton and Shackleton, 1990), and cortisol levels
in transported pigs were higher if there was mixing
of pigs from different origins (Bradshaw et al.,
1996).

Handling, loading, unloading and welfare

Many studies have shown that loading and unload-
ing are the most stressful part of transport (Hall
and Bradshaw, 1998). Unloading may also be
stressful. The physiological changes indicative of
stress occur at loading and last for the first few
hours of transport. Then, the stress response gradu-
ally disappears as the animals become accustomed
to transport. Therefore, provided transport condi-
tions are good and the journey is not prolonged,
the main welfare problems caused by transport
result from loading (Knowles et al., 1995; Broom et
al., 1996).

The large effect that loading may have on the
welfare of the animals results from a combination
of several stressors that impinge upon the animals
in a very short period of time. One of these stres-
sors is forced physical exercise as the animals are
moved into the vehicle. Physical exertion is particu-
larly important when animals have to climb steep
ramps. Secondly, psychological stress is caused by
the novelty of being moved into unknown
surroundings. Also, loading requires close proxim-
ity to humans, and this can cause fear in animals
that are not habituated to human contact. Finally,
pain may result from mishandling of animals at
loading. For example, beating or poking animals
with a stick – especially in sensitive areas like the
eyes, mouth, anogenital regions or belly – or catch-
ing sheep by the fleece will cause pain. The use of
electric goads will be painful as well.

Chickens are very much disturbed by close
contact with people, for man is a large and danger-

ous animal to a chicken. Hence, it is not surprising
that the handling, which precedes transport to
slaughter, has a considerable effect on birds, includ-
ing considerable physical damage in some birds
(Ebedes et al., 2002). The nature of that handling
depends upon the conditions in which the birds are
kept, but it normally involves one or more birds
being picked up and put into a crate that holds
about 15 birds for the duration of the journey. If
the hens are in battery cages, the sequence of
actions normally involves one person opening the
cage door, grabbing one or more hens by the legs,
pulling them out of the cage, passing them to
another person who collects two to five birds held
by one leg in each hand, carrying the birds upside
down to the end of the row of battery cages or to
the door of the house where a vehicle is waiting,
and putting the birds into a crate. Such handling
may result in broken bones, especially if the birds
have lived in a battery cage.

In the study by Gregory et al. (1990), 24% of
hens had broken bones after handling. Fewer leg
bones were broken if two legs were held (Gregory
and Wilkins, 1992). The effects on welfare of the
rough handling that hens normally receive prior to
transport can be assessed by monitoring their adre-
nal and other emergency responses. In a study in
which normal handling and gentle handling were
compared (Broom et al., 1986), the plasma corti-
costerone levels were much higher after the rougher
handling (see Table 21.2), indicating that the emer-
gency response elicited in the hens was greater. In
this study, a journey of 1 h in a lorry resulted in a
smaller increase in corticosterone than that follow-
ing normal rough handling. The significant effects
of handling and transport on plasma corticos-
terone, plasma glucose and hypothalamic nor-
adrenaline are shown in Fig. 21.2. Glucose
production is increased following corticosterone
secretion, but the increase is not large because it is
used up during transport.

Noradrenaline is a neurotransmitter that is used
up during handling and transport. These studies
suggest that handling of hens has a greater adverse
effect on their welfare than does a short journey.
Broiler chickens, turkeys and ducks are transported
twice, once as a very young chick and once to the
slaughterhouse. Newly hatched chicks require care-
ful handling. Broilers which have reached 2 kg are
collected up from the floor of broiler houses, put in
crates, taken by vehicle to the slaughterhouse,
removed from the crates and hung by their feet on
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the shackling line, stunned and slaughtered. Again,
physical conditions on the journey are important in
relation to welfare, but even if these are adequate
there can be problems with limb breakages, bruises
or impaired meat quality.

There is a range of physiological responses to
handling and transportation. Freeman et al. (1984)
reported that untransported control birds had
corticosterone levels of 1.0–1.6 ng/ml, whereas
levels after handling and 2 h transport were
4.5ng/ml and, after 4 h transport, 5.5 ng/ml. The
normal catching procedure in which a catching
gang goes into the house and birds are gathered up
by their legs leads to a substantial response.
Duncan (1986) studied the use of a broiler-catching
device, which is driven through the broiler house,
moving birds by rotating rubber flails on to a belt
and into a crate. Birds collected up by such a
broiler-catcher showed a much briefer increase in
heart rate than birds collected up by people. The

use of a broiler-catcher also reduced the frequency
of bruising and bone breakage (Knierim and
Gacke, 2003). The better welfare when the broiler-
catcher is used emphasizes the adverse effect on
chickens of handling by people.

The slope of ramps is an important aspect when
loading or unloading animals. This can be meas-
ured in degrees (e.g. 20°) or as percentage gradient
(e.g. 20%). The percentage gradient indicates the
increase in height in metres over 100 horizontal
metres. For example, a gradient of 20% means a
slope of 20 in 100 (i.e. 1 in 5) and is equivalent to
11°. The loading of pigs up a suitable ramp is
shown in Fig. 21.3.

There are important differences between species
in their response to handling and loading, and these
should be taken into account when choosing appro-
priate loading procedures. For example, pigs have
more difficulties than sheep or cattle in negotiating
steep ramps.
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Fig. 21.2. The levels of corticosterone (ng/ml) and
glucose (mmol/l) in blood plasma were higher in hens
that had been handled and transported (HT) than in
hens that had not (C). The level of the transmitter
substance noradrenaline (ng/mg) was lower after
handling and transport (data from Broom et al., 1986).

Table 21.2. Levels of plasma corticosterone in hens 

Corticosterone
Treatment (ng/ml)

No handling, sampling within 60 s 0.40
5 min after gentle carrying to crate 1.45
5 min after normal carrying to crate 4.30

After gentle handling as opposed 
to after normal handling P = 0.008

Fig. 21.3. (a) A loading ramp for pigs should have no
slope, or a slope of up to 14°, and should have solid
sides; (b) the ramp should be wide enough for two pigs
to walk easily side by side (photographs courtesy of
D.M. Broom).

(a)

(b)



Despite all these inter- and intra-species differ-
ences, several general recommendations can be
made. For example, even illumination and gently
curved races without sharp corners facilitate the
movement of the animals (see Fig. 21.4). Non-slip
flooring and good drainage to prevent pooling of
water are also important. As animals prefer to walk
slightly uphill rather than downhill, floors should be
flat or slope upwards. On the other hand, however,
ramps should not be too steep (Grandin, 2001). If
the floor of the loading ramp is not slippery, there
still remain differences between species in the steep-
ness of slope that they can climb or descend safely.

Well-trained and experienced stockpeople know
that cattle can be readily moved from place to place
by human movements that take advantage of the
animal’s flight zone (Kilgour and Dalton, 1984;
Grandin, 2000). Cattle will move forward when a
person enters the flight zone at the point of balance
and can be calmly driven up a race by a person
entering the flight zone and moving in the opposite
direction to that in which the animals desire to go.
Handling animals without the use of sticks or elec-
tric goads results in better welfare and less risk of
poor carcass quality.

The handling and loading of poultry and rabbits
is very different from that for the larger mammals.
Chickens reared for meat production are often
collected by human catching teams and sometimes
by broiler collector machines. The welfare is worse

when human catching is involved (Duncan et al.,
1986). Laying hens are usually collected and put
into crates or modules by humans only, and show
substantial adrenal responses when caught. Bone
breakage is common in hens during the catching,
especially if the birds have had insufficient exercise
because they have been kept in small cages.

Good knowledge of animal behaviour and good
facilities are important for good welfare during
handling and loading.

Temperature and other physical conditions
during transport

Extremes of temperature can cause very poor
welfare in transported animals. Exposure to
temperatures below freezing has severe effects on
small animals, including domestic fowl. However,
temperatures that are too high are a commoner
cause of poor welfare, with poultry, rabbits and
pigs being especially vulnerable. For example, de la
Fuente et al. (2004) found that plasma cortisol,
lactate, glucose, creatine kinase (CK), lactate dehy-
drogenase and osmolarity were all higher in
warmer summer conditions than in cooler winter
conditions in transported rabbits. In each of these
species, and particularly in chickens reared for
meat production, stocking density must be reduced
in temperatures of 20°C or higher, or there is a
substantial risk of high mortality and poor welfare.

A period of rest during a journey can be impor-
tant to animals, especially those that are using up
more than the usual amount of energy during the
journey because of the position that they have to
adopt or because they have to show prolonged or
intermittent adrenal responses that mobilize energy
reserves. One way of judging how tired animals
become during a journey is to observe how strongly
they prefer to rest after the journey. Another way is
to assess any emergency responses or adverse
effects on their ability to cope with pathogen chal-
lenge. For example, Oikawa et al. (2005) found
that horses on a 1500 km journey showed less
adrenal response and less sign of harmful inflam-
matory responses if they had longer rests and had
their pen on the vehicle cleaned during the journey.

Vehicle driving methods, space allowance
and welfare

When humans are driven in a vehicle, they can
usually sit on a seat or hold on to some fixture.
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Fig. 21.4. Cattle moving easily down a wide, curved race
with solid sides (photograph courtesy of T. Grandin).



Cattle standing on four legs are much less able to
deal with accelerations such as those caused by
swinging around corners or sudden braking. Cattle
always endeavour to stand in a vehicle in such a
way that they brace themselves to minimize the
chance of being thrown around, and avoid making
contact with other individuals. They do not lean on
other individuals and are substantially disturbed by
too much movement or too high a stocking density.
In a study of sheep during driving on winding or
straight roads, Hall et al. (1998c) found that
plasma cortisol concentrations were substantially
higher on winding than on straight roads. Tarrant
et al. (1992) studied cattle at a rather high, at an
average and at a low commercial stocking density
and found that falls, bruising, cortisol and CK
levels all increased with stocking density. Careful
driving and a stocking density that is not too high
are crucial for good welfare.

The amount of space allowed for an animal
during transport is one of the most important
factors affecting animal welfare. In general, smaller
space allowances lead to lower unit costs of trans-
port, since more animals can be carried in a vehicle
of any particular size. Space allowances have two
components. The first component is the floor area
available to the animal to stand or lie in. This
equates to what is usually referred to as stocking
density. The second component is the height of the
compartment in which the animal is carried. With
multi-decked road vehicles, this may be especially
important because there are practical constraints
on the overall maximum height of the vehicles – for
example, to enable them to pass under bridges.
There is thus a commercial pressure to reduce the
vertical distance between decks (deck height), and
therefore the volume of space above the animals’
heads. This reduction may adversely affect
adequate ventilation of the inside of the compart-
ment in which the animals are held.

Absolute minimum space allowances are deter-
mined by the physical dimensions of animals.
However, acceptable minimum allowances will be
dependent on other factors as well. These include:
(i) the ability of the animals to thermoregulate
effectively; (ii) ambient conditions, particularly
environmental temperature; and (iii) whether the
animals should be allowed enough space to lie
down if they so wish. Horses choose to stand in
moving vehicles; cattle will lie if they can after
6–10 h in a vehicle; sheep lie after 2–4 h; pigs,
poultry, dogs and cats will lie immediately. In all

cases, animals continue to stand if they are
disturbed or if there is excessive vehicle movement
resulting from cornering and braking, or if there is
not enough space to lie safely (see Fig. 21.5).

Whether animals want to lie down may depend
on journey length, transport conditions – especially
whether it is comfortable to do so – and the care
exercised in driving the vehicle and its suspension
characteristics in relation to the quality of the road
surface. One very important consideration in estab-
lishing practical minimum space requirements is
that the animals need to be rested, watered and fed
on the vehicle. Resting, watering and feeding on the
vehicle will require lower stocking densities to
enable the animals to access feed and water. Space
allowances may need to be greater if vehicles are
stationary for prolonged periods, to promote
adequate ventilation, unless this is facilitated and
controlled artificially.

When four-legged animals are standing on a
surface subject to movement, such as a road vehi-
cle, they position the feet outside the normal area
under the body in order to help them to balance.
They also need to take steps out of this normal area
if subjected to accelerations in a particular direc-
tion. Hence, they need more space than if standing
still.

When adopting this position and making these
movements on a moving vehicle, cattle, sheep, pigs
and horses make considerable efforts not to be in
contact with other animals or the sides of the
vehicle. Provided that vehicles are driven well, the
greater the space allowance the better the welfare
of the animals. This is correct up to a maximum
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Fig. 21.5. These pigs on a transport vehicle have 
too little space to lie down (photograph courtesy of 
D.M. Broom).



space allowance larger than that used in animal
transport. However, if vehicles are driven badly
and animals are subjected to the substantial lateral
movement that results from driving too fast around
corners, or to violent braking, close packing of
animals may result in less injury to them. The best
practice is to drive well and stock in a way that
gives space for the animals to adopt the standing or
lying position that is least stressful to them.

A separate problem, which is linked to space
allowance, is aggression or potentially harmful
mounting behaviour. Pigs and adult male cattle may
threaten one another, fight and injure one another.
This results in poor welfare and DFD meat. Rams
and some horses may also fight. Such fighting is
minimized or avoided by keeping animals in the
social groups in which they lived on the farm, or by
separating animals that might fight. Groups of male
animals may mount one another, sometimes causing
injuries in doing so. At very high stocking densities,
fighting and mounting is more difficult and injuries
due to such behaviour may be reduced. However,
such problems can be solved by good management
of animals, and keeping animals at an artificially
high stocking density in an attempt to immobilize
them will result in poor welfare.

Floor space allowances need to be defined in
unambiguous terms. In particular, stocking densities
must be defined as square metres of floor area per
animal of a specified live weight, e.g. m2/100 kg or
kg live weight per m2 floor area (kg/m2). Stocking
rates such as m2 per animal (m2/animal) are not an
acceptable way of defining floor space require-
ments, since these take no account of variation in
animal weight. Definitions of acceptable space
allowances must consider the whole range of animal
sizes (live weights) to be encountered. One problem
is that information applicable to very small or very
large animals is sometimes not available. Moreover,
the relationship between minimum acceptable space
allowance and animal weight is often not linear.

Determining appropriate minimum acceptable
space allowances for transported animals relies on
several types of evidence. These include evidence
based on: (i) first principles using measurements of
the dimensions of animals; (ii) behavioural obser-
vations of animals during real or simulated trans-
port conditions; and (iii) the measurement of
indices of adverse effects of transport. An example
of the latter kind of evidence would be the amount
of bruising on the carcass (see Fig. 21.6) or the
activity of enzymes such as CK in the blood.

For an animal of the same shape, and where
body weight is W, linear measurements will be
proportional to the cube root of W (3√). The area
of a surface of the animal will be proportional 
to the square of this linear measure (3√W2).
Algebraically, this is equivalent to the cube root of
the weight squared (3√ W2), or weight to the power
of two-thirds (W2/3 or W0.67). The minimum
acceptable area for all types of animal is:

A = 0.021 W0.67 (21.1)

where A is the minimum floor area required by the
animal in m2 and W is the weight of the animal in
kg. The constant in the equation (0.021) depends
on the shape of the animal, in particular the ratio
of its body length to its body width.

As a result of a review of the literature on the
effects of space allowance on welfare, the EU
SCAHAW (2002) recommended equations for
calculation of this for pigs, sheep and cattle, and
examples of the results of such calculations are as
shown in Table 21.3. Similarly, the EFSA Scientific
panel AHAW (2004) recommended equations to be
used for the calculation of space allowances for
other farm animal species.

Feeding and watering during transport

Drinking is stimulated when extracellular body
fluid is diminished. Animals vary according to
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Fig. 21.6. The bruising on carcasses, such as these
calf carcasses, can be quantified. Poor handling
methods, poor driving so that animals fall and too high a
stocking density – so that animals have difficulty in
standing after falling – can all increase bruising
(photograph courtesy of D.M. Broom).



species in how often they drink in a 24 h period,
and horses may drink only once or twice per day. It
is difficult to provide water continuously, and
many animals will not drink during vehicle move-
ment, so frequent stops may be necessary if
adequate drinking is to occur when water is
provided on the vehicle.

A study aiming to characterize progressively
dehydration, stress responses and water consump-
tion patterns of horses transported long distances
in hot weather and to estimate recovery time after
30 h of commercial transport has been performed:
it was concluded that transporting healthy horses
for more than 24 h during hot weather and without
water will cause severe dehydration; transport for
more than 28 h, even with periodic access to water,
will probably be harmful due to increasing fatigue
(Friend, 2000).

Brown et al. (1999) compared constant trans-
port for 8, 16 and 24 h without resting periods or
watering/feeding and observed the need for pigs to
drink and feed during a 6 h lairage period. The
results showed that, even though the environmen-
tal temperatures were relatively mild (14–20°C), all
pigs drank and ate during the lairage period and
that, in particular, pigs transported for 8 h ate and
drank immediately after arrival before they rested.

Sheep often do not eat during vehicle movement.
Nevertheless, after 12 h of deprivation, sheep
become very eager to eat (Knowles, 1998). As for
water deprivation, sheep seem to be well adapted
to drought, as they are able to produce dry faeces
and concentrated urine. In addition, their rumen
can act as a buffer against dehydration. The effects
of water deprivation seem to be largely dependent
on ambient temperatures, as would be expected.

For example, Knowles et al. (1993) found no
evidence of dehydration during journeys of up to
24 h when ambient temperatures were not > 20°C.
However, when ambient temperatures did rise
above 20°C for a large part of the journey, there
were clear indications that animals became dehy-
drated (Knowles et al., 1994b).

If resting periods within the journey are consid-
ered as a means of preventing the effects of food
and water deprivation, several points have to be
taken into account. First, short resting periods – of
1 h, for example – are insufficient and may even
have detrimental effects on welfare. Hall et al.
(1997) studied the feeding behaviour of sheep after
14 h of deprivation and concluded that the extent
to which sheep obtained food and water within the
first hour was generally low or unbalanced.
Knowles et al. (1993) found that recovery after
long journeys took place over three phases and that
after 24 h of lairage sheep seemed to have recov-
ered from short-term stress and dehydration. It has
been suggested that at least 8 h of lairage are
needed to gain any real benefit (Knowles, 1998).
One further problem is that sheep will not readily
drink from unfamiliar water sources, even after
prolonged periods of water deprivation (Knowles
et al., 1993). Therefore, it is likely that, during
short resting periods, sheep will not drink and the
food they eat may lead to an increased water
deficit, particularly if given concentrates (Hall et
al., 1997).

A second problem is that feeding during resting
periods may cause competition between animals,
and the stronger individuals may exclude the
weaker ones (Hall et al., 1997). It is therefore
important that feeding and drinking space is
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Table 21.3. Recommended minimum floor space allowances – examples.

Travel Floor space
Species Body weight (kg) duration (h) allowance (m2)

Pigs 100 � 8 0.42
100 � 8 0.60

Sheep Shorn 40 � 4 0.24
4–12 0.31
� 12 0.38

Unshorn 40 � 4 0.29
4–12 0.37
� 12 0.44

Cattle 500 � 12 1.35
> 12 2.03



enough for all animals to have access to food and
water simultaneously. Recommended trough space
for sheep is 0.112 W0.33 m (Baxter, 1992). This
means 30 cm for sheep of 20 kg bodyweight and
about 34 cm for sheep of 30 kg bodyweight.

Finally, sheep can be reluctant to eat during
lairage, particularly adult animals that are unfamil-
iar with the feed. Hay has been found to be the
most widely accepted form of feed (Knowles,
1998), although Hall et al. (1997) found that only
small amounts of hay were eaten by sheep after
14 h of food deprivation.

One important decision to be made concerning
resting periods is whether the animals are fed and
watered on the vehicle or after being unloaded.
Feeding and watering sheep in a normal commer-
cial load may not be practicable, mainly because it
would be difficult for all animals to have access to
food and water simultaneously (Knowles, 1998).
However, unloading the animals raises several
problems, including an increased risk of disease
transmission and the fact that loading and unload-
ing are reported to be the most stressful parts of
transport.

Chickens and turkeys have high metabolic rates,
especially those bred for meat production. Newly
hatched chicks develop very rapidly, faster than
those of 20 years ago did. They use up all of their
yolk and albumen and so need food and water by
48 h of age. Birds going to slaughter will not eat
during a journey and often use up all food reserves
within 3–5 h, so journeys have to be short.

Journey duration and welfare

For all animals except those very accustomed to
travelling, being loaded on to a vehicle is a particu-
larly stressful part of the transport procedure.
However, as journeys continue, the duration of the
journey becomes more and more important in its
effects on welfare. Animals travelling to slaughter
are not given the space and comfort that a race-
horse or showjumper is given. Hence, they are
much more active, using much more energy than an
animal that is not transported. As a result they
become more fatigued, more in need of water and
of food, more affected by any adverse conditions,
more immunosuppressed, more susceptible to
disease and sometimes more exposed to pathogens
on a long journey than on a short journey.

In a survey of records of the transport of 19.3
million broilers killed in four processing plants in

the UK, Warriss et al. (1990) found an average time
from loading to unloading of 3.6 h, with a maxi-
mum of 12.8 h. Comparable average times for 1.3
million turkeys killed at two plants were 2.2 and
4.5 h, with maxima of 4.7 and 10.2 h (Warriss and
Brown, 1996).

Although there seem to be no published data,
spent hens are thought to travel very long distances
to slaughter in the UK because of the very small
number of plants willing to process them. This long
transport must be a cause of some considerable
concern. Because poultry held in crates or drawers
cannot be effectively fed and watered during trans-
port, journeys must be considerably shorter than
for red meat species. Mortality is increased
progressively with longer transport times (Warriss
et al., 1992). These authors recorded the number of
broilers dead on arrival in a sample of 3.2 million
birds transported in 1113 journeys to a poultry
processing plant. Journey times ranged up to 9 h,
with an overall average time of 3.3 h. Total time,
from the start of loading birds on to the vehicle to
the completion of unloading at the processing
plant, ranged up to 10 h, with an average of 4.2.
The overall mortality rate for all journeys was
0.194%. However, as journey time increased, so
did mortality rate. In journeys lasting < 4 h the
prevalence of dead birds was 0.16%, while for
longer journeys the incidence was 0.28%. In all
journeys > 4 h, mortality was therefore, on average,
80% higher than in all journeys shorter than this.

Birds suffering painful traumatic injuries such as
broken bones and dislocations, which are not
uncommon, will suffer progressively more on
longer journeys. Liver glycogen, which provides a
ready source of metabolic fuel in the form of
glucose, is very rapidly depleted after food with-
drawal. Warriss et al. (1988) found depletion to
negligible levels within 6 h. Broilers transported 6 h
had only 43% the amount of glycogen in their
livers compared with untransported birds (Warriss
et al., 1993).

Rest periods are impracticable and counterpro-
ductive for poultry since, as mentioned above,
birds cannot realistically be offered food and water.
Neither can they be effectively inspected by veteri-
nary authorities because of their close confinement
in the transport receptacles. Moreover, with
current systems of passively ventilated transport
vehicles, the reduction in airflow likely if vehicles
stop without unloading the birds is likely to lead to
an increase in temperature within certain parts of
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the load, and possibly cause the development of
hyperthermia in the birds.

Horses stand during transport and have to make
balance correction movements throughout any
vehicle movement. In a study comparing the effects
of road transport ranging from < 50 to 300 km, the
levels of T4 and fT4 lymphocytes were increased in
horses after journeys of 150–300 km. Plasma
concentration of myocardial depressant factor
(MDF) peptide fraction was significantly lowered
by road transport in journeys exceeding 100 km. It
has been reported that road transportation of
Sanfratellani horses over distances of 130–200 km
resulted in significant elevations in serum creatinine
and CK. Similar changes were recorded after jour-
neys of 130–350 km in 16 untrained horses of vari-
ous breeds in aspartate amino transferase (AST),
lactate dehydrogenase (LDH), alanine aminotrans-
ferase (AAT) and serum alkaline phosphatase
(SAP) (Ferlazzo et al., 1995).

It is well known that an increased incidence of
equine respiratory disease follows prolonged trans-
port. Predisposition to respiratory disease after
transport may be due to a marked increase in the
numbers and, in virally infected horses, the activity,
of pulmonary alveolar macrophages. Therefore, it
is evident that transits of 8–12 h or more tend to be
more measurably stressful, and consideration
should be given to monitoring welfare and pathol-
ogy indicators.

A number of experiments have investigated the
effects of journey length on cattle welfare. The
majority of authors state that, with increasing
duration of the transport, the negative effect on the
animals increases as well, as represented through
various physiological parameters such as body-
weight CK, NEFA, BHB, total protein, etc. A
period of food and water deprivation of 14 h
results in vigorous attempts to obtain food and
water when the opportunity arises, but deprivation
must be for 24 h before blood physiology changes
in calcium, phosphorus, potassium, sodium, osmo-
larity and urea are apparent (Chupin et al., 2000).

However, food and water deprivation during a
journey are likely to have much greater and more
rapid effects. The extent of energy deficit when
cattle were transported for two successive journeys
of 29 h, with a 24 h rest between, was quantified by
Marahrens et al. (2003). After 14 h of transport, a
break of 1 h for feeding and watering of the
animals does not give ruminants enough time for
sufficient food and water intake, but merely

prolongs the total duration of the journey. Cattle
become more fatigued as journeys continue and
there are more frequent losses of balance.

Disease, welfare and transport

The transport of animals can lead to increased
disease, and hence poorer welfare, in a variety of
ways. There can be tissue damage and malfunction
in transported animals, pathological effects that
would not otherwise have occurred resulting from
pathogens already present, disease from pathogens
transmitted from one transported animal to
another, and disease in non-transported animals
because of pathogen transmission from transported
animals. Exposure to pathogens does not necessar-
ily result in infection or disease in an animal.
Factors influencing this process include the viru-
lence and the dose of pathogens transmitted, route
of infection and the immune status of the animals
exposed (Quinn et al., 2002).

Enhanced susceptibility to infection and disease
as a result of transport has been the subject of
much research (Broom and Kirkden, 2004; Broom,
2006b).

Many reports describing the relationship between
transport and incidence of specific diseases have
been published. As an example, ‘shipping fever’ is a
term commonly used for a specific transport-related
disease condition in cattle. It develops between a few
hours and 1–2 days after transport. Several
pathogens can be involved, such as: (i) Pasteurella
species; (ii) bovine respiratory syncytial virus; (iii)
infectious bovine rhinotracheitis virus and several
other herpes viruses; (iv) parainfluenza 3 virus and a
variety of pathogens associated with gastrointestinal
diseases such as rotaviruses; (v) Escherichia coli; and
(vi) Salmonella spp. (Quinn et al., 2002).

Transport in general has been shown to result in
increased mortality in calves and sheep (Brogden et
al., 1998; Radostits et al., 2000) and salmonellosis
in sheep (Higgs et al., 1993) and horses (Owen et
al., 1983). In calves, it can cause pneumonia and
subsequent mortality associated with bovine herpes
virus-1 (Filion et al., 1984), as a result of a stress-
related reactivation of herpes virus in latently
infected animals (Thiry et al., 1987). Four hours of
transport in cattle increased plasma cortisol concen-
tration, decreased phagocyte response, increased
CD3+ T cells and increased the ratio of CD4+ to
CD8+ cells, all of which would make respiratory
disorder more likely (Ishizaki et al., 2004). In some
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cases, particular aspects of the transport situation
can be linked to disease. For example, fighting
caused by mixing different groups of pigs can
depress anti-viral immunity in these animals (de
Groot et al., 2001). The presence of viral infections
increases the susceptibility to secondary bacterial
infections (Brogden et al., 1998).

Transmission of a pathogenic agent begins with
shedding from the infected host through oronasal
fluids, respiratory aerosols, faeces or other secre-
tions or excretions. The routes of shedding vary
between infectious agents. Stress related to trans-
port can increase the amount and duration of
pathogen shedding and thereby result in increased
infectiveness. This is described for salmonella in
various animal species (Wierup, 1994). The shed-
ding of pathogens by the transported animals
results in contamination of vehicles and other
transport-related equipment and areas, e.g. in
collecting stations and markets. This may result in
indirect and secondary transmission. The more
resistant an agent is to adverse environmental
conditions, the greater the risk that it will be trans-
mitted by indirect mechanisms.

Many infectious diseases may be spread as a
result of animal transport. Outbreaks of classical
swine fever in Holland and of foot-and-mouth
disease in the UK were much worse than they might
have been because animals were transported and, in
some cases, transmitted the disease at staging points
or markets. Schlüter and Kramer (2001) summa-
rized the outbreaks in the EU of foot-and-mouth
disease and classical swine fever and found that,
once this latter disease was in the farm stock, 9% of
further spread was a result of transport. In a recent
epidemic of Highly Pathogenic Avian Influenza virus
in Italy, it was found that the movement of birds by
contaminated vehicles and equipment created a
significant problem in the control of the epizootic.

Major disease outbreaks are very important
animal welfare as well as economic problems, and
regulations concerning the risks of disease are
necessary on animal welfare grounds. If stress is
minimized and the mixing of animals and their
products is minimized, disease and hence poor
welfare can be prevented or made less likely.

Inspection of animals before and during
transport

Animals that are to be transported could be unfit to
travel because they are injured or diseased, or could

be fit to travel only in conditions that are better
than those that are the minimal ones permitted by
law (EU SCAHAW, 2002).

The person responsible for animals at the point
of origin and the driver of the vehicle – or other
person responsible for the animals during the jour-
ney – should have the ability to evaluate animal
welfare, or at least to distinguish an animal that is
dead, injured or obviously diseased. A person driv-
ing a vehicle containing livestock will need to check
the animals in the vehicle at regular intervals
during a long journey and after any situation that
might cause problems for the animals, such as a
period of excessive vehicle movement, a period
when overheating might have occurred or a road
accident. The intervals between regular checks
correspond to the intervals between rest periods
that are prescribed by law for drivers.

The checking of animals involves visual inspec-
tion and awareness of auditory and olfactory cues
that the animals have problems. It is necessary that
each individual can be seen, so the design of
vehicles, distribution of animals in the vehicle and
stocking density must allow for this. If animals
cannot be inspected, for example poultry in stacked
crates or sliding drawer units, long journeys are not
possible.

The veterinary surgeon is the person ultimately
responsible to declare an animal fit or unfit for
travel. The Federation of Veterinarians of Europe’s
Position Paper on the Transport of Live Animals
(FVE, 2001) provides useful information on those
conditions that render an animal unfit for travel.
Basically, pregnant animals in the last 10% of the
gestation period, animals that have given birth
during the preceding 48 h and newborn animals in
which the navel has not completely healed are
considered unfit for travel in all cases. Animals that
are unable to walk unaided on to the vehicle
because of serious disease or injury are considered
to be unfit for travel in nearly all cases.

For cattle, sheep, pigs and horses, inspection
facilities for the person on the vehicle who is
responsible for the animals are needed. It is often
possible to check each individual transported horse
inside the vehicle without danger to the person
inspecting or undue disturbance to the animals.
However, other animals, such as adult cattle in
groups, cannot be inspected from inside the vehicle
without danger to the person inspecting. In this
case, external inspection facilities that allow each
individual to be seen are necessary. Inspection of
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sheep and pigs can normally be adequately
performed from outside, provided that every indi-
vidual can be seen. If inspection from inside the
vehicle is required, the height of the deck cannot be
so low as to render effective inspection too difficult.

If sick, injured or dead animals are found, the
person responsible needs clear knowledge of, or
instructions about, what to do. It is important that
records are kept and made available to the compe-
tent authority, for example to veterinary inspectors,
of all sick, injured or dead animals, including any
disposed of during a journey. Where the animals
are transported to slaughter, the abattoir as well as
the owner of the animals will need a copy of the
record. If an animal is found to be sick or injured
on a journey, humane killing on the vehicle will
sometimes be required. Hence, the responsible
person on the vehicle will need to carry, and be
trained in the use of, equipment for humane killing
of the species carried. Where the injury or sickness
is such that the animal cannot complete the jour-
ney, for example if it cannot stand unaided, the
animal should be killed or unloaded at an appro-
priate place.

When animals die or are killed, the journey can
continue for a time and to a place that is appropri-
ate for the disposal of the carcass. In many cases of
injury, sickness or death, it is important to inform
the competent authority of the region. This is espe-
cially important if any important infectious disease
is suspected. Journey plans include the addresses, 
e-mail addresses and telephone numbers of the
competent authorities in each of the regions passed
through during the journey.

The breed of animal, its temperament and the
type of environment in which it was raised can
affect behaviour during handling. Animals raised on
open range or away from people will have a large
flight distance, and may panic and become agitated
when a handler approaches within 15 m. The prob-
lems posed by this involve serious disturbance for
the animals and sometimes danger for the stock-
man. For example, Zebu cattle in Queensland,
Australia are not only difficult to round up after
spending a long period in extensive paddocks or
range areas but may attack the stockman. Similar
animals that have been handled regularly are much
more docile. Animals that have been raised in close
confinement on either solid concrete or slatted
floors can also be difficult to control when they are
being moved on to other surfaces or manipulated,
either individually or collectively, in unfamiliar

premises. The animal may be disturbed either 
by changes in physical conditions or by human
presence.

Facilities for moving animals

In order to be designed appropriately, handling
facilities on the farm and at lairage should be based
on the known behavioural characteristics of farm
animals. Given adequate opportunity, cattle, sheep
and pigs readily learn about their immediate envi-
ronment. For example, cattle learn quickly about
electric fences and can be contained by them in a
field, in a collecting area or in a passageway
(McDonald et al., 1981). If, however, they were
confronted with an electric fence for the first time
when being moved in a strange area, the presence
of the electric fence might hinder the process of
moving the animals. The animals need time to learn
about the fence and they also need the opportunity
to avoid the fence. Moving electric fences, like the
‘electric dog’, are sometimes used in dairy parlour
collecting yards. The ‘electric dog’ is a row of elec-
trically live wires hanging downwards and moved
towards the cows in the rear of the yard. It has a
considerable adverse effect on some cows, such
that their milk let-down may be prevented and they
may become extremely unwilling to move towards
the parlour.

Every dairy farmer has to be able to move dairy
cows in milk to and from the milking parlour. If the
races and collecting yards that are used, or the
methods of moving the animals are inadequate and
disturbing to some or all of the cows, there will be
welfare problems. Such welfare problems will often
be associated with reduced milk yield. Cows may
be reluctant to enter a milking parlour because of
the behaviour of the cowman or because of design
faults in the parlour that result in uncomfortable
milking stalls or stray voltages. Such problems can
lead to the use of excessive force by stockmen in
the collecting yard.

The problems associated with the design of races
for moving cows to the milking parlour are very simi-
lar to those of designing races used for other
purposes such as movement towards vehicles prior to
transport. The most extensive study of how to design
good races is that of Grandin (1978, 1980, 1982).
She reported that cattle often baulk if they encounter
dark areas or areas of extreme lighting contrast.
Races with sharp angular turns may also pose prob-
lems for cattle that are being driven, and long,
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straight races may also result in animals being either
reluctant to move or moving too fast. As a conse-
quence of these observations, Grandin recommends
that races should be evenly lit, have solid walls if
animals unfamiliar with them have to use them, and
should be gently curved rather than having sharp
corners or long straights (see Fig. 21.1).

Negative stimuli, such as intense sound, should
not be able to reach collected animals. In no event
should disturbing sounds be located at a source
which is in the direction that collected animals will
be required to go. Shouting represents a disturbing
sound and induces negative reactions, ranging from
avoidance to flight. When such reactions are
impeded, panic – which is an extreme fear reaction
– is liable to ensue.

The same principles apply when animals are
being moved in slaughterhouses. Grandin points
out that cattle waiting to be sorted can be held in a
wide, curved race with a radius of 5 m. From the
curved race, the animals can either be sorted into
diagonal pens or they can be directed to the
squeeze chute, dipping vat or restraining chute at
the abattoir. The handler should work from a
catwalk located along the inner radius of the race.
This facilitates the movement of the animals that
tend to circle around the handler in order to main-
tain visual contact. The curved holding race termi-
nates in a round crowding pen, which leads to a
curved single race. Sharp contrasts of light and
dark should be avoided. Single-file races, forcing
pens and other areas where cattle are crowded
should have high, solid walls. This prevents the
animals from observing people, vehicles and other
distracting objects outside the facility. Where space
is limited, the desired effects of positive movement
can be obtained using a compact serpentine race
system. Holding lanes should be at least 3 m wide.

Pigs move most readily in single-file races with
solid side fences and open barred tops. Crowd pens
for pigs should have level floors and ramps should
be avoided. Pigs have 310° panoramic vision, and
puddles and shadows should be eliminated in order
to avoid negative visual stimuli. Pigs tend to move
from a darker area to a brightly illuminated area
under artificial lighting and lighting should be so
arranged as to give an increasing gradient of illumi-
nation in the direction of movement. Pigs which
have been raised in dimly illuminated confinement
buildings refuse to move towards direct sunlight if
this enters the premises. The pigs in Fig. 21.7 were
reluctant to enter a dark vehicle.

Most dogs and cats have sufficient exposure to
humans to be able to respond to the transport situ-
ation with much less fear than is commonly shown
by farm animals, since they have seldom had such
exposure. However, a few dogs and a much larger
number of cats find some aspects of the handling,
confinement or vehicle movement associated with
transport very aversive. The pet animal, which
hides whenever it can predict that a journey is
imminent, has learned from previous aversive expe-
rience. Most of the information in this chapter
refers to farm animals and horses. However, any
animal might be affected by the factors mentioned,
especially if the conditions are extreme in relation
to the regulatory abilities of the animals.

Pharmacological control

The use of drugs to influence or to modify the
behaviour of an animal is sometimes necessary in
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Fig. 21.7. (a) The entrance to this transport vehicle,
encountered by pigs at the top of a ramp, is dark; (b)
pigs would not enter, so had to be driven in
(photographs courtesy of D.M. Broom).

(a)

(b)



order to avoid excessive force. The range of
modern chemical agents of varied pharmacological
activities makes it possible to alter an animal’s
behaviour by tranquillization, sedation or immobi-
lization (Cooper et al., 1982). Today, tranquillizers
are commonly used when individual animals have
to be subjected, for a period, to forms of total
restraint or handling to which they are unaccus-
tomed, and which would probably induce in them
a state of panic that would be detrimental to their
health were it attempted by other means.
Tranquillization during transportation, or mixing,
for example, has much to commend it in circum-
stances when animals would react adversely under
these circumstances.

Tranquillizers produce psychological calming of
anxiety without physiological depression or cloud-
ing of consciousness. However, if tranquillizers are
used to produce manageability high doses are
usually necessary, which may result in ataxia,
depressed response to stimulation and respiratory
depression.

Tranquillizers do not exert hypnotic or analgesic
effects. Increasing the dose does not produce greater
sedation, even though the psychological depressant
effects are magnified. The psychological state of the
animal prior to administration of tranquillizers may
markedly affect the degree of sedation achieved.
Animals that are vicious, intractable and in a state of
excitation may not become manageable, except with
very high doses, which would be totally incapacitat-
ing. Neuroleptanalgesia is a state of sedation and
analgesia produced by the combined use of a tran-
quillizer (neuroleptic) and a narcotic in which,
although the patient remains arousable and
responds to certain stimuli, various manipulations,
including minor surgical interventions, can ordinar-
ily be performed. The most commonly used prepara-
tion is Innovar-Vet (droperidol and fentanyl). Total
immobilization is a very radical form of restraint
and is one that is extremely useful and warranted in
many emergencies for the welfare of the subject (De
Vos, 1978; Herbert and McFetridge, 1978).

Succinylcholine, curare and gallamine are neuro-
muscular blocking agents, which act peripherally at
the neuromuscular junctions. These agents are used
as adjuncts to light general anaesthetics where
profound muscle relaxation is desired. Because
these agents produce motor paralysis only, and do
not produce either sedation or analgesia, their use
on conscious animals is not justifiable on welfare
grounds.

Veterinary anaesthesia was presented as a disci-
pline over 40 years ago. For procedures not requir-
ing full general anaesthesia, chlorohydrate was
available in those days. It is still available for use in
large animal sedation. Since then, a great revolu-
tion has taken place that has created the discipline
of psychopharmacology. One early development
launching this contemporary speciality was the
availability of neuroleptic and anxiolytic agents.
Subsequently, opioid and psychoactive agents and
anaesthetics have expanded the field. These devel-
opments brought drugs into veterinary use for vari-
ous types of control of the animal ranging from
mild sedation, tranquillization, temporary taming
and short-term immobilization to general anaesthe-
sia. In most cases the agents can be given by small
intramuscular doses, which makes administration
comparatively simple. Even oral or intravenous
administration of drugs is technically simplified by
the known dose–response relationship. Only in a
few cases do unfortunate side effects develop and,
in such cases, these are limited to certain species.
For example, opioid drugs may have manic effects
on a small number of horses – particularly when
given in light doses.

The administration of these drugs, although
simple, requires a sound knowledge of the animal’s
behaviour and physiology. It is particularly important
to appreciate the normal inclinations of certain types
of animals to react strenuously in fear or rage when
control is attempted on them. Such circumstances in
which restraint is initiated represent fearful stimuli to
many animals. Although each species responds char-
acteristically to such stimuli, many individuals vary
in the nature and degree of response. Violent
responses are stressful to the animal and chemical
restraint of stressed animals cannot be approved, on
welfare grounds, unless a true emergency exists that
requires control of the animal. Even then, the physi-
ology of exertional stress must be borne in mind, so
that it will be appreciated that the animal will be
significantly at risk from the procedure even though
the controlling agent has minimal lethal potential.

During exertion there is increased production of
carbon dioxide from glycolysis in the vigorously
contracting musculature. This carbon dioxide is
taken up by the red blood cells and transported to
the lungs. If this increased carbon dioxide content
is not removed by the lungs, the hydrogen ion
concentration increases in the blood and the pH
decreases, resulting in acidosis. Profound hypoxia
also occurs in all tissues.
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Exertional stress is, in fact, a generalized state of
acidosis, which is a broad condition that cannot be
characterized by any single physiological parame-
ter. Instead, clinical/behavioural signs must be
relied upon to determine the condition. With exer-
tional stress, the affected animal hyperventilates
severely. This hyperventilation may result in small
pulmonary haemorrhages, and frothy, blood-tinged
fluid appears around the nostrils. The head is held
down, the mouth is held open and the tongue typi-
cally hangs inactively out of the mouth. In addi-
tion, there is profound muscular incoordination.
Finally, the animal falls and is unable to rise. In
association with these signs other clinical features
exist relating to cardiac function and loss of swal-
lowing capacity. Few animals survive exertional
stress in advanced degree. Some, which appear to
survive, are likely to die subsequently from acute
heart failure or other pathophysiological develop-
ments. Among those that survive this secondary
crisis, a number develop localized necrosis of skele-
tal muscles. This latter condition is commonly
termed ‘capture’ or ‘exertional’ myopathy.

In spite of these hazards, it is occasionally neces-
sary to treat or handle fractious animals. Using
modern drugs it is feasible to do this through chemi-
cal control (Iversen and Iversen, 1981). The poten-
tial in this method to complicate physical exhaustion
and stress must be considered. The following drugs
are used internationally for the chemical tranquil-
lization and restraint of large animals. They should
be used only by qualified veterinary surgeons or with
veterinary advice.

Acepromazine maleate (Acepromazine)
Carfentanil (Janssen)
Chlorpromazine (Largactil)
Diazepam (Valium)
Etorphine (M99: Immobilon)
Fentanyl and Droperidol (Innovar-Vet)
Ketamine (Vetalar)
R51703
Methohecitone (Brietal)
Xylazine (Rompun)

Relevant features of these above agents are as
follows.

Acepromazine

This neuroleptic is a potent phenothiazine deriva-
tive frequently used for tranquillization and
restraint. It should not be trusted on its own as an

agent to calm fractious animals, since they can still
respond to any threatening stimulus while under
the influence of the drug. Since the drug causes
hypotension, animals may suffer hypoxia in situa-
tions where they are frightened and metabolize
large quantities of oxygen. In such an event, shock
and hyperthermia may result.

Carfentanil

Carfentanil has recently been used with great effect
in the immobilization of wild animals and recalci-
trant animals. It is a new, ultra-potent, morphine-
like agent belonging to the fentanyl family of
narcotics. Carfentanil, like the other immobilizing
agents, can be administered intramuscularly by
projected hypodermic syringes darted at the animal
by pressure gun, jab-stick or cross-bow. Carfentanil
can be given alone or jointly with R51703 (Janssen
Pharmaceuticals). The antagonist for carfentanil is
diprenophine (M5O-5O). Immobilization with
carfentanil, which is eight times more potent than
etorphine, requires doses of very small volume and
immobilization lasts 1–3 h. Diprenorphine, like
naloxone – which is an antagonist to etorphine –
acts as a competitive inhibitor at the opioid recep-
tor sites in the central nervous system.

Chlorpromazine

This agent has been used in animals for 30 years,
and is valuable in controlling intractable animals.
To some extent, it makes the animal more tame and
therefore more amenable to handling in a
conscious state for a short period of time. It is an
anti-psychotic phenothiazine that creates a
dramatic increase in dopamine activity.
Phenothiazines without anti-psychotic potency do
not have this characteristic.

Diazepam

This agent markedly eliminates or diminishes states
of anxiety. It can be given to the animal over a
prolonged period of time in order to obtain endur-
ing results. Although it reduces anxiety, it does not
provide analgesia. Diazepam allows the handling
of animals that are only lightly restrained. Given in
high doses it can cause respiratory problems.

Etorphine

Etorphine hydrochloride is often presented as a
product combined with a tranquillizing agent. It is
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an opioid agent with approximately 1000 times the
pharmacological strength of morphine. For this
reason, effective doses can be given in small quanti-
ties by the intramuscular route to cause immobi-
lization of the animal. Within a few minutes of
administration the animal falls to the ground; this
condition can be reversed by the intravenous
administration of its antagonist (diprenorphine).
Recovery takes place within seconds and the
animal is able to rise and walk (King and Klingel,
1965).

Ketamine

This drug is principally used as a short-term anaes-
thetic, but may not provide adequate analgesia in
some species such as pigs, goats and poultry. The
usual effect of ketamine and other phencyclidines is
restraint characterized by catatonic immobility.
Convulsions may occur. To compensate for its
deficiencies, this drug is usually administered in
combination with another such as diazepam,
phenothiazine or a narcotic.

Methohexitone

This rarely used drug is an ultra-short-acting barbi-
turate. It has considerable potential as an agent for
rapid immobilization without the drawback of
prolonged recovery. Duration of effect is < 5 min.

R51703

For many years now, various drugs have been used
in order to make wild animals tame for brief peri-
ods (Ooms et al., 1981). The most recent of these is
R51703. The administration of this drug to an
intractable animal results in a calm, tranquil, alert
and apparently tame animal that can be
approached, handled and moved in specific direc-
tions without difficulty. R51703 is a central sero-
tonin receptor blocker that exhibits remarkable
taming properties in aggressive male cattle. Its most
prominent characteristics are anxiolysis, sedation,
some analgesia and anti-aggressive quality. It is
found to be safe and free of serious side effects. It
can also be used as an immobilizing agent. For
short-term management of problem animals, drugs
of this nature can be very useful.

Xylazine

The main desired effects of xylazine in fractious
animals are sedation and muscular relaxation. It is

best given in combination with other sedatives,
since high doses have undesirable side effects such
as long recovery periods associated with struggling.
It is, nevertheless, a very useful drug for the prompt
control and immobilization of large animals. Its
anxiolytic properties are valuable.

Effective ‘antagonists’ such as nalorphine
hydrochloride, levallorphan tartrate and naloxone
hydrochloride are available to reverse the effects of
narcotics. These agents do not reverse the sedative
or depressant effects of other drugs. Naloxone
hydrochloride must be available when using etor-
phine, in case of accidental human administration.

Numerous animals have been killed as a result of
unwarranted chemical restraint. Malignant hyper-
thermia has been observed in response to anaes-
thetics, muscle relaxants and to stress in swine. A
predisposition to such hyperthermia is probably
inherited, and is commonest in the Landrace,
Pietrain and Poland China breeds.

The behaviour of the species in question, the
condition of the individual animal, the physiology
of exertion and the circumstances of capture and
control should all be thoroughly evaluated before
chemical restraint is used. The mortality rate in
such a procedure is much reduced when these
factors are all taken into account and the procedure
is carried out with the availability of equipment
and materials for intensive care (Sedgwick, 1979).
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22 Welfare and Behaviour in
Relation to Disease

Behaviour and Disease

Behaviour is an important way of adapting to dis-
ease for individuals, and selective pressures result-
ing from disease have had major consequences for
the evolution of behaviour. Behaviour, adrenal and
other physiological responses, immunological
responses and brain activity all help in coping with
disease (Broom, 2006b).

There are many links between behaviour and
health. Behaviour has an important role in the
transmission of a wide variety of diseases. For
some diseases, an aspect of the normal behaviour
of an infected animal, for example mating, is neces-
sary for effective transmission of the pathogen. In
other cases the behaviour required for transmission
may not be normal, and pathogens and parasites
change host behaviour so that transmission is more
likely (Holmes and Bethel, 1972). For example,
fish with an eye fluke swim near the surface where
the next host, gulls, may catch them (Crowden and
Broom, 1980). Many pathogens depend for trans-
mission upon the behaviour of a vector of a differ-
ent species from the main host.

The changes in behaviour brought about by dis-
ease are used by veterinarians and medical doctors
in the diagnosis of disease (Broom, 1987a). For
example, a dog with abdominal pain may arch its
back, sheep with foot-rot may kneel and a bull
with traumatic reticulitis may walk with a charac-
teristic stiff-legged gait. Some examples of changes
in brain and behaviour associated with sickness or
malaise are considered later in this chapter. Some
behaviour has evolved because of selective pres-
sures that are principally a consequence of those
parasites and diseases that seriously reduce inclu-
sive fitness. One example is preference for bright
plumage during mate selection by female birds,
because sick or parasitized males would often be
less bright and less suitable mates (Hamilton and
Zuk, 1984). Another example is behaviour result-
ing from feelings of malaise and consequent

inappetence that allows energy to be retained for
immune system function when fighting infection.

Disease and welfare

Diseased animals very often have difficulty in coping
with their environment, or fail to do so, hence their
welfare is poorer than that of a healthy animal in
otherwise comparable conditions. The effects on an
animal of laminitis, mastitis, pneumonia or severe
diarrhoea are easy to appreciate. Whether the dis-
ease causes pain or other kinds of discomfort or dis-
tress, veterinary treatment that reduces the effects of
the disease is clearly improving the welfare of the
animal. It is important to emphasize, as have
Jackson (1988) and Webster (1988, 1994), that it is
not the diagnosis of the disease that improves wel-
fare but the consequent treatment. As Webster
points out: ‘The fevered pneumonic calf, shivering in
the corner of a damp draughty barn, feels rotten,
and is in no way comforted by the fact that its con-
dition has been diagnosed by a trained veterinarian.’

If the consequence of disease diagnosis in a pig is
preventive measures in the whole pig unit, the wel-
fare of the animals already diseased is not improved.
One important moral question for all veterinarians
to ask themselves is whether or not they put the wel-
fare of the individual farm animal first when con-
fronted with an animal that is diseased or injured. Is
the patient considered before the client, who may or
may not wish to pay for treatment? When veterinary
surgeons report on the treatment of animals for dis-
ease or injury, they sometimes describe the measures
used to evaluate the welfare of the animal after
treatment, but often do not undertake those meas-
ures (Christiansen and Forkman, 2007). A range of
welfare indicators should be used in clinical investi-
gations of the effects of veterinary treatment. One
key moral question for a farmer is whether or not to
allow an animal to suffer when the suffering could
be reduced or prevented by seeking veterinary
advice and treatment.



One of the consequences of the poor welfare
associated with disease is that resistance to other
disease is reduced. This has been known for a long
time in the medical and veterinary professions and
is part of the more general process whereby poor
welfare, whatever its cause, can lead to increased
susceptibility to disease. The relationship can
account for the downward spiral towards death,
which has often been described in animals that are
initially affected mildly by disease or difficult con-
ditions. This positive feedback effect, which may or
may not go as far as death, is shown in Fig. 22.1.

Also shown in Fig. 22.1 are the simple relation-
ships: disease always means poor welfare and,
whenever welfare is poor for any reason, there 
will often be a greater susceptibility to pathogen
replication and adverse effects.

Pathology is the detrimental derangement of
molecules, cells and functions that occurs in living
organisms in response to injurious agents or depri-
vations (Broom and Kirkden, 2004, modified after
Jones et al., 1997).

Any kind of pathology involves some degree of
poor welfare. If an individual has a parasite or
pathogen within its body it may be that there is no
effect upon that individual, so no pathology or
effect on welfare. However, as soon as there is
‘detrimental derangement’, as described in the defi-
nition of pathology, the individual will have more
difficulty in coping with its environment and some
harmful effect on its functioning, and so there will
be worse welfare because of the pathology. It might
be that the individual is aware of the consequences
of infection and the pathology might lead to feelings
of pain or malaise. In that case, the pain or malaise
plus the other effects of the pathology will make the
welfare worse than when there is pathology alone.

Consider a sheep infested with the sheep scab
mite, Psoroptes ovis. The mite can be present with-
out affecting the sheep, so there is no pathology
and no effect on welfare. However, mite activity on
the skin leads to an inflammatory response, lesions,
biochemical changes in the blood, irritation and
rubbing responses, changes in blood cell counts
and hormones, mouthing stereotypies, changes in
pain sensitivity and often death (Corke, 1997;
Corke and Broom, 1999; Broom and Corke, 2002).
Welfare can be assessed during changes in the
extent of pathology in sheep with sheep scab (see
below). Some of the variables mentioned here will
always result in some degree of poor welfare, while
others can indicate good or poor welfare. Animals
with pathology – whether from infectious disease,
metabolic or other disorders – can have very poor
welfare, which can be evaluated scientifically.

The following criteria can be used in assessing
the welfare and of sheep with sheep scab (modified
after Broom and Corke, 2002):

● Means of assessing welfare.
● Clinical examination.
● Behavioural assessment.
● Nociceptor response.
● Physiological assessment.
● Immune system function.
● Variables affecting welfare.
● Body condition score.
● Lesion dimensions.
● Mite numbers.
● Skin sensitivity.
● Body temperature.

In some animal housing and management systems,
the most important causes of poor welfare are dis-
ease conditions. For example, the major welfare
problems of dairy cows are leg disorders, mastitis
and reproductive disorders (Webster, 1993;
Greenough and Weaver, 1996; Broom, 1999,
2001b; Galindo et al., 2000). In high-producing
herds there are about 40 cases of leg disorders and
lameness per 100 cows per annum. These disease
conditions will vary with the environmental condi-
tions, but are also considerably affected by the
metabolic pressures on the individual. Cows pro-
ducing very large quantities of milk are much more
likely to be overtaxed metabolically and hence to
have such problems (Pryce et al., 1997).

Another example, which involves the largest
numbers of animals kept by humans, is the broiler
chicken. In chickens kept for meat production, the

Fig. 22.1. The interaction between poor welfare and
disease over time (modified after Broom, 1988c).
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major causes of poor welfare are pathologies result-
ing from selection for fast growth. Some of the
problems that have arisen in the very fast-growing
birds are those associated with cardiovascular dis-
orders, which lead to ascites. A larger proportion of
the problems are those leg disorders that result in
reduced ability to walk, for example tibial dyschon-
droplasia, femoral head necrosis and valgus-varus
syndrome (Broom, 2001a; Bradshaw et al., 2002).
Reduced ability to walk or stand often results in
breast blisters and hock burn, because the bird has
to spend a long time crouching on poor-quality
litter. In a recent study in supermarkets, 82% of
‘grade A’ birds, which are rated as being of suitably
high quality for sale as whole birds as opposed to
chicken portions, had some degree of hock burn
(Broom and Reefmann, 2005). The dermatitis seen
in such birds is painful in itself, but the effects of
inability to walk are much more severe.

Welfare and disease susceptibility

In addition to disease causing poor welfare, poor
welfare resulting from a wide variety of different
causes may make disease more likely, often by initi-
ating immunosuppression (Kelly, 1980; Broom,
1988a; Broom and Kirkden, 2004). Depression can
be a consequence of an environment that is diffi-
cult, perhaps because the individual has little con-
trol over it, and this condition, which certainly
involves poor welfare, has further pathological
consequences (Irwin, 2001). It is also possible for
injurious behaviour, which is caused to one individ-
ual by another and is often associated with poor
welfare in both, to increase the likelihood or extent
of pathology.

On the other hand, good welfare, sometimes
facilitated by the social support provided by con-
specifics, can help to protect individuals against
disease (Lutgendorf, 2001; Sachser, 2001). Positive
behavioural and mental responses can increase the
likelihood that the individual will succeed in cop-
ing. Indeed pathologies, such as tumour growth
and proliferation, can be reduced or prevented in
humans – and perhaps in other species – by being
happy and thinking positively (Broom and Zanella,
2004). Welfare has important and complex interre-
lationships with pathology.

The evidence linking welfare with susceptibility
to disease is of three kinds (Broom, 1988d): (i) clin-
ical data concerning which individuals show signs
of disease; (ii) experimental studies and surveys

comparing levels of disease incidence in different
husbandry systems or after different treatments;
and (iii) studies of immune system function after
different treatments.

Every veterinary surgeon can give examples of
situations in which a number of animals live in
apparently similar conditions but only one or two
show signs of disease, or most show signs of dis-
ease but only one or two die. The individuals
affected more by disease are those which, using
physical or behavioural signs, had looked weaker
and less well able to cope with the environment, for
example in calves (Morisse, 1982). In group-
housing situations, the more susceptible animals
are often those obviously at the bottom of a social
hierarchy, with the consequence that they are
chased a lot, injured by others, excluded from
favoured places and sometimes prevented from
obtaining an adequate diet. There is little well-
documented scientific evidence concerning this
effect in farm animals, but much clinical evidence
suggests that research is desirable in this area. For
example, what is the reason why runt piglets are
more likely to develop chronic enteritis than their
larger siblings? Studies of man and of laboratory
animals have concentrated much more on the
question of why it is that certain individuals
succumb to disease while others do not.

Some housing systems for farm animals or treat-
ments such as handling, transport or farm opera-
tions lead to more welfare problems than do
others. Hence, there is the possibility of relating
variation in welfare to variation in disease inci-
dence. In some studies, an experimental treatment
can be related directly to disease effects; for exam-
ple, Pasteur (Nichol, 1974) found that chickens
whose legs were immersed in cold water became
more susceptible to anthrax. In other studies, it has
been noticed that changes in husbandry methods
are associated with changes in disease incidence;
for example, Sainsbury (1974) reported a gradual
increase in chronic infections of poultry over a
period when the frequency of intensive production
practices was increasing.

Direct comparisons of disease incidence levels in
different housing systems are also possible, but any
apparent relationship between poor welfare and
disease incidence must be interpreted with care, as
other factors which vary with conditions may
affect disease incidence. Ekesbo (1981) has empha-
sized that environmentally evoked diseases are
caused by a combination of factors. Examples of
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studies investigating the effects of housing condi-
tions on disease incidence are those of Bäckström
(1973) and Tillon and Madec (1984) on pigs and
Gross, Colmano and Siegel, who carried out dis-
ease challenge studies on chickens treated in ways
that increased plasma corticosterone levels.

When chickens were introduced to strange birds
they displayed, fought and showed increased adre-
nal cortex activity. Frequent social mixing of this
kind resulted in reduced resistance to Mycoplasma
gallisepticum, Newcastle disease, haemorrhagic
enteritis or Marek’s disease (Gross, 1962; Gross
and Colmano, 1965; Gross and Siegel, 1981). In
contrast, such social mixing led to increased resist-
ance to Escherichia coli and Staphylococcus aureus
(Gross and Colmano, 1965; Gross and Siegel,
1981). When antibody activity was measured, it
was clear that chickens subjected to social mixing
showed less activity against both viral antigens
such as Marek’s disease and particulate antigens
such as E. coli (Gross and Siegel, 1975; Thompson
et al., 1980). The social mixing leads to increased
adrenal cortical activity, and this can help in coun-
teracting inflammatory responses.

Pathogens elicit a range of responses in animals,
including a set of immunological responses includ-
ing proliferation and activation of: (i) B-cells syn-
thesizing antibodies that bind to antigens, thus
facilitating antigen ingestion by granulocytes and
macrophages or destruction by complement, which
is a set of enzymes; (ii) T-cells that destroy cells
with foreign antigens on their surfaces; (iii) T-
helper cells that assist (i) or (ii); (iv) NK (natural
killer)-cells that destroy cells that lack normal anti-
gens, such as tumour cells or those containing
viruses; and (v) memory cells that increase
humoral- and cell-mediated responses. These and
other defence mechanisms against pathology inter-
act with other coping systems, as explained below
(Broom, 2006b).

Glucocorticoids play an important part in many
body-regulating functions and facilitate important
adaptive brain processes (Broom and Zanella,
2004). However, cortisol or corticosterone may be
produced in emergency situations where coping is
difficult. High levels of cortisol have been shown to:
(i) decrease synthesis of both interleukin-1 by
macrophages and interleukin-2 by T-helper cells,
causing poorer B-lymphocyte and cytotoxic T-cell
activity; (iii) decrease interleukin-beta that regulates
T-helper cell-1 and -2 balance and action; and (iv)
result in generally worse effects of respiratory

pathogens, Toxoplasma, Salmonella and tumours
(Dantzer, 2001; McEwen, 2001; Broom and
Kirkden, 2004).

Some of the situations that elicit glucocorticoid
production have rapid and serious effects on the
health of animals. In a recent report of clinical
cases by Madel (2005), a group of elderly sheep
had been gathered, transported for 30 km and then
left on an exposed field during a stormy night. At
least 13 of the sheep became hypocalcaemic, and
three had died by the following morning. The treat-
ment would have led to increased glucocorticoid
production, as well as to the severe loss of calcium
that had caused their sickness or death.

There are many other examples of stress, in the
sense of an environmental effect on an individual
which overtaxes its control systems and reduces its
fitness or seems likely to do so (Broom and
Johnson, 1993), leading to pathology. Adrenal
activity can be monitored by arteriosclerosis,
myocardial lesions, gastric ulcers and various other
forms of organ damage (Manser, 1992).

As explained in detail by Broom and Kirkden
(2004), the relationship between the chronic
activation of physiological coping mechanisms,
immunomodulation and susceptibility to infectious
disease has been explored in the field of
psychoneuro-immunology. Environmental chal-
lenges leading to poor welfare, whether they
threaten mental or bodily stability, activate these
coping mechanisms. However, the relationship is
not a simple one. The response of the neuroen-
docrine system varies according to environmental
challenge (Mason, 1968a, b, 1975), species
(Griffin, 1989) and how individuals perceive the
challenge, i.e. whether it elicits investigation,
freezing, active defence, etc. (Broom, 2001c).
Glucocorticoids and other hormones modulate the
immune system in various ways, but a given change
in the immune system may affect an animal’s sus-
ceptibility to different pathogens in different ways
(Gross and Colmano, 1969).

Glucocorticoid effects on the immune system
may include the following (Griffin, 1989): (i)
reduction in the number of circulating lymphocytes
(lymphopenia); (ii) increase in the number of neu-
trophils (neutrophilia); (iii) in many species, reduc-
tion in the number of eosinophils (eosinopenia);
(iv) a drop in the total number of circulating leuco-
cytes (leucopenia); or (v) in species with relatively
low numbers of lymphocytes, an increased leuco-
cyte count (leucocytosis). The differential effects of
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glucocorticoids upon different leucocyte popula-
tions may explain the observation that a given
stressor can increase the susceptibility of chickens
to some pathogens while reducing their susceptibil-
ity to others (Gross and Siegel, 1965, 1975; Siegel,
1980).

Not only do glucocorticoids reduce the number
of circulating lymphocytes, they also suppress the
activity of B cells and cytotoxic T cells, by interact-
ing with macrophages and T-helper cells. For
example, gluco-corticoids decrease the synthesis of
interleukin 1 (IL-1) by macrophages (MacDermott
and Stacey, 1981) and the synthesis of interleukin 2
(IL-2) by T-helper cells (Gillis et al., 1979). These
cytokines increase the activity of B cells and cyto-
toxic T cells, as well as that of other leucocytes,
including macrophages and T-helper cells.

Glucocorticoids are very important mediators of
the immune system, but they are not the only
means by which stressors influence immunocompe-
tence (Griffin, 1989; Biondi and Zannino, 1997;
Yang and Glaser, 2000). Other hormones produced
when animals are trying to cope with difficulties in
life include beta-endorphin, vasopressin and oxy-
tocin. It is known that beta-endorphin can promote
T-cell responses and that vasopressin and oxytocin
stimulate T-helper cells to produce interferon-
gamma which, in this circum-stance, activates NK
cells and macrophages. Oxytocin is produced dur-
ing mammalian nursing of young and various other
pleasant experiences (Carter, 2001). Hence, it
seems that pleasure can sometimes lead to better
defence against pathogens (Panksepp, 1998).

Both the synthesis of b-endorphin by the ante-
rior pituitary gland (Haynes and Timms, 1987) and
the release of vasopressin and oxytocin from the
neurohypophysis (Wideman and Murphy, 1985;
Williams et al., 1985) are increased in response to
environmental challenges. In humans at least, cate-
cholamines suppress the cell-mediated immune
response while enhancing the humoral immune
response (Yang and Glaser, 2000). Furthermore,
the lymphoid organs – including the bone marrow,
thymus, spleen and lymph nodes, where lympho-
cytes are produced and stored – are all innervated
(Felton and Felton, 1991; Schorr and Arnason,
1999), permitting the CNS to influence lympho-
cytes directly. Vasopressin and oxytocin (Gibbs,
1986a, b; Gaillard and Al-Damluji, 1987) and cat-
echolamines (Axelrod, 1984) also stimulate the
secretion of ACTH while b-endorphinis, secreted in
parallel with ACTH, form their mutual precursor

pro-opiomelanocortin (Guillemin et al., 1977;
Rossier et al., 1977).

Environmental conditions that elicit physiologi-
cal coping responses in animals, thus involving
poor welfare, alter animals’ susceptibility to infec-
tious agents and hence their health (Peterson et al.,
1991; Biondi and Zannino, 1997).

The wide range of responses to pathology
includes behavioural changes, physiological
changes in the body – such as the production of
acute-phase proteins in body fluids and production
of cytokines in the brain – as well as immunologi-
cal changes. Short-term responses to pathological
effects include vomiting, which gets rid of some
toxins and is promoted by certain interferons, and
diarrhoea, which also helps to get rid of toxins and
is promoted by interleukin-2 (Gregory, 2004).
Longer-term responses include malaise or sickness
behaviour, which is linked to immunological
changes (Hart, 1988, 1990). Immune system
responses may need much energy while pathogens
may take energy directly from their host (Forkman
et al., 2001).

Hence, some sickness behaviour results in energy
saving, some promotes body defence mechanisms
and all is adaptive (Broom, 2005). Sickness behav-
iour is initiated when cytokines are released by
infected cells, endothelial cells, phagocytes, fibrob-
lasts and lymphocytes, so there are many periph-
eral sources as well as brain-mediated (Gregory,
1998, 2004). However, the importance of the brain
in relation to responses to pathogens is clear from
brain lesion studies. Lesions to the hypothalamus
and reticular formation reduce cellular immune
responses, while lesions to the locus coeruleus
reduce antibody responses (McEwen, 2001).

Some adaptive cytokine responses
to pathology

At the individual level, adaptation is the use of reg-
ulatory systems, with their behavioural and physio-
logical components, to help an individual to cope
with its environmental conditions (Broom, 2005).
Welfare may be good or poor while adaptation is
occurring. Some adaptation is very easy and ener-
getically cheap, and therefore, during this period
welfare can be very good. Other adaptation is diffi-
cult and may involve emergency physiological
responses or abnormal behaviour, often with
unwanted consequences such as pain or fear. In
that case, welfare is poor or very poor, even if com-
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plete adaptation eventually occurs and there is no
long-term threat to the life of the individual. In
some circumstances, adaptation may be unsuccess-
ful, the individual is not able to cope, stress occurs
and welfare is ultimately very poor.

One important part of trying to adapt to, or
cope with, pathology is the acute-phase response
(Kushner and Mackiewicz, 1987; Gregory, 1998).
This is a set of body defences initiated and largely
controlled by chemical mediators: the cytokines.
Cytokines can affect leucocyte adhesion, alter cap-
illary permeability, stimulate production of neu-
trophils, break down muscle proteins to allow
production of acute-phase proteins and initiate
fever (Gregory, 2004). Fever is an effect promoted
by the cytokines interleukin-1 and interleukin-6
(Gregory, 2004). Fever helps recovery, for example
from Pasteurella multocida infection, and helps the
infected individual combat pathogens such as
Babesia (Hart, 1988; Gregory, 1998). There is an
energetic cost associated with fever but, in many
cases, the response is lifesaving.

A quite different adaptive effect of cytokines in
sick animals is that of causing loss of appetite. This
saves energy in the short term because gut activity
does not occur. Fasting has been shown to reduce
the Listeria population in the body of mice and to
reduce mortality rates (Wing and Young, 1980).
Failure to eat with consequent reduction in energy
availability can, however, harm immunological
defences if prolonged (Dallman, 2001). Brain pro-
cessing efficiency can be impaired by some cytokine
activity, perhaps because of reduction in energy
availability.

A wide range of other effects are caused by
cytokines in response to pathology (Gregory, 2004;
Broom, 2006b). Wound healing is promoted by
TGF-beta-2, and the anti-inflammatory cytokines
interleukin-4, interleukin-10 and TGF-beta help to
control septic shock caused by internal poisons that
might be produced by pathogenic action.

The most dramatic sickness behaviour when ani-
mals have some degree of pathology is often
reduced activity (Gregory, 1998, 2004). The indi-
vidual may feel tired, rest and sleep more. This is
adaptive because sleep deprivation and too much
activity when fatigued can lead to a reduction in
NK cell activity and a reduction in interleukin-2
response to antigen challenge (Irwin et al., 1994). It
is also known that an increase in interleukin-1 level
leads to more non-REM (rapid eye movement)
sleep. A second kind of reduced activity is that

caused by pain, promoted by interleukin-2. The
feeling of pain itself can be mediated via products
of damaged tissue such as nitric oxide, which pro-
mote the action of inflammatory agents such as
bradykinin and prostanoids (Dray, 1995).

A third type of activity reduction is that which
results when the individual socially isolates itself.
This will be adaptive, because an isolated,
infected individual whose activity is reduced is
less likely to transmit infection or have other
infections transmitted to it. All three kinds of
activity reduction can help an individual recover
from disease.

Behaviour and disease diagnosis

Altered behaviour is usually the first indication of
illness and, indeed, animal behaviour and veterinary
diagnosis have long been closely associated. There
are numerous references to the behaviour of sick
animals in the classical literature of Ancient Greece.
Practising veterinarians rely heavily on behavioural
observations in diagnosis of illness. Examples
include: deficiency diseases such as aphosphorosis,
metabolic diseases such as hypo-magnesaemia and
hypocalcaemia, and the infectious conditions such
as encephalitis. It is common for animal illness to be
first manifested behaviourally: for example, in loss
of appetite, altered activity, diminished body care or
lack of responsiveness.

The veterinary clinician attempting diagnosis
may find that: the hyperexcited state in a cow is
due to hypomagnesaemia; the stiffened bull’s gait is
the result of traumatic reticulitis; the dirty coat and
nose of a steer, from arrested body care, is the effect
of a septicaemia; the aggressively prancing mare
has an ovarian tumour; the depressed steer is toxic;
the asymmetric forelimb posture of the horse is due
to navicular disease; the subdued sheep has tox-
aemia; the pig that has ceased eating has an infec-
tion; the calf with abnormal reactions has a neural
impairment; the horse walking stiffly has tetanus;
and so on.

Abnormal behaviour presumably occurs in
response to an abnormal physical state, and so a
number of diseases are known by behavioural
descriptions. Examples of these include staggers,
swayback, nymphomania, louping-ill (leaping),
star-gazing, gid (giddiness), wobbler, wanderer, cir-
cling disease, daft lambs, doddler calves and other
more vague clinical syndromes such as the downer
cow.

Welfare and Behaviour in Relation to Disease 221



A principal objective of clinical veterinary ethol-
ogists is the accurate assessment and description of
the frequency, form and spatial organization of
abnormal behaviour.

Diagnosis from posture

The postural characteristics of animals are among
the most common behavioural features to undergo
change in diseased conditions. The following are
the main circumstances under which animals adopt
abnormal postures:

● Mechanical conditions, involving loss of
support or stability by the animal.

● Nervous conditions, in which there is a
reduction in adequate neural function to
maintain muscular tone.

● Permanent adaptive changes, which the animal
may have acquired as a result of prior
experience of any disabling circumstances.

● Painful conditions, which make it impossible for
the animal to maintain its natural posture.

MECHANICAL CONDITIONS. Examples of this influ-
encing postural behaviour are many, and the fol-
lowing few examples are given as illustrations. For
example, fracture of the metacarpus in the horse
makes it impossible for the animal to take any
weight at all on the affected leg. Fracture of the
humerus also leads to lack of mechanical support
and a grossly altered posture. Severance of the
flexor tendons in the horse leads to a sinking of the
fetlock and a turning up of the toe. Spastic paresis
of the leg in cattle results in a contraction of the
gastrocnemius muscle, as a result of which the
affected limb becomes shorter. Congenitally con-
tracted tendons in foals also make normal posture
impossible.

NERVOUS CONDITIONS. Those that can create
abnormal posture include radial paralysis in the-
horse following prolonged recumbency – for exam-
ple, during anaesthesia. A lesion in the cervical
vertebrae causes the condition of wobbler in the
horse, the main characteristic of which is a stiff
neck. Abscessation of the lumbar vertebrae can
cause an animal to adopt the ‘dog-sitting’ position
for lengthy periods. Abnormal carriage of the head
is often a sign of cerebellar or vestibular disease,
and involvement of the vestibular nerve or the cere-
bellum can be suspected when a head tilt is present
in swine. Unilateral head tilt is usually present in

otoencephalitis; facial nerve paralysis in swine
occurs sometimes with this condition, to give a
dropping ear on the affected side. Leaning or
falling to theaffected side may also occur. A wide-
based stance is characteristic of cerebellar dysfunc-
tion in animals.

PERMANENT ADAPTIVE CHANGES. These may arise in
a condition such as laminitis, which can occur in all
the hooved animals; those that have experienced
laminitis for some period of time sometimes learn
to walk, almost on ‘tiptoe’ with the forelegs; this
position appears to minimize pain, and the adop-
tion of this posture also means that the hind legs of
the animal are brought further forward beneath it.
Spinal abscessation in the pig may be the result of
tail-biting, and this may cause the posture of a hind
leg to be altered. The common condition of foot rot
in sheep can lead, in some cases, to a state of
osteomyelitis. In this condition, the affected animal
frequently adopts a kneeling posture. Cattle kept in
stalls and having experienced a form of chronic
laminitis sometimes learn to stand back in the stall
so that their heels overhang the standing. This pos-
ture allows the animal’s weight to be transferred to
its toes, thereby reducing pain. Cattle that have suf-
fered acute pain in both medial digits may stand
with forelegs crossed to take all the weight on the
lateral digits.

PAINFUL CONDITIONS. Those causing abnormal
posture in horses include suppurative arthritis and
osteomyelitis of the fetlocks. The latter condition
causes a tucking under of the hind legs. Gonitis
(inflammation of the stifle joint) occurs principally
in horses, causing them to point the ground with
the toe of the affected hind limb. Arthritis also
leads to abnormal posture in other animals: for
example, pigs with arthritis will arch their back,
presumably to minimize skeletal and abdominal
pain.

The behaviour of an animal in pain has certain
specific features that are recognizable. The facial
expression of an animal in pain may be a fixed
stare, because the eye is not as mobile within its
orbit as in the healthy animal. The eyelids can be
slightly puckered. The ears of animals in pain,
notably horses, are usually held slightly back and
fixed in that position for long periods. Animals suf-
fering pain may have dilated nostrils. Animals with
persistent pain may show unusual recumbent
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behaviour or unusual stance. Horses may back into
a corner, and both horses and cattle can sometimes
be observed standing pushing their heads against a
wall when a painful condition is present in the
abdomen. Abdominal pain may cause the animal to
lie down frequently, rising repeatedly after short
intervals. In between these periods of recumbency,
a horse with colic may scrape at its bedding with a
forefoot while slowly pivoting around on its hind
legs.

In conditions of severe pain, animals may dis-
tend the nostrils, roll the eyes in the head, extend
the head and neck vigorously and groan. Some
horses lie on their backs in a position of dorsal
recumbency, with all four legs held in the air for up
to 15 min. More violent manifestations of pain are:
throwing itself down, rolling from side to side or
walking into objects oblivious to the surroundings.

Diagnosis from locomotion

When the locomotor behaviour of the animal is to
be examined, animals should be observed singly, in
good light, moving about using different gaits on a
clean, dry and level surface. Lameness can be
defined as impaired locomotion or deviation from
normal gait. More frequently in the veterinary con-
text) lameness refers to abnormal gait caused by
painful lesions of the limbs or back or to mechani-
cal defects of the limb. Neurological deficits pro-
ducing lameness are usually defined separately after
their differential diagnosis. Signs indicative of
intracranial or brain disease include changes in
mental state, seizures or convulsions, abnormal
head posture, incoordination of head movement
and cranial nerve deficits. Frequently, some cranial
signs will accompany abnormalities of both pos-
ture and gait.

Alterations of mental state such as depression,
disorientation, coma or hyperexcitability may
accompany locomotor signs. Depression and dis-
orientation are features of Aujeszky’s disease and
encephalomyelitis. Hyperexciteability is the initial
feature of toxicity from an organoarsenical feed
additive.

In most animals, a progression through disorien-
tation to seizures or fits is seen in many inflamma-
tory conditions of the brain and its meningeal
sheath, such as in bacterial meningitis. Seizures are
characterized by a markedly diffuse increase in
muscle tone, falling into lateral recumbency and
rhythmic clonic convulsions simulating running or

pedalling movements of the limbs. Depression or
even coma may follow a seizure. Opisthotonus
(dorsiflexion of the neck) with extension of the
limbs is also seen with meningitis.

Several metabolic and other systemic disorders
may lead to confusion, coma, syncope, collapse,
seizures, tremours, vision disturbances, quadripare-
sis, paraparesis and episodic weakness (Palmer,
1976). Hypoglycaemia, though not a specific dis-
ease, is frequently the main metabolic manifesta-
tion of starvation in piglets during the first week of
life. Confusion and ataxia progress to quadripare-
sis, sometimes seizures and to death in coma. In the
ataxic stages piglets may rest their noses upon the
floor, apparently to gain further support. Ataxia
means incoordination of muscular action or gait.
Signs include wide-based stance, swaying move-
ments, falling, rolling, imprecise gait, crossing of
the limbs and exaggerated abduction of the limbs
on turning.

Paralysis is defined as inability to move because
of loss of motor or sensory nerve function; paresis
is partial paralysis. A general muscular weakness
may appear as apparent quadriparesis and, in
practice, may be indistinguishable from true neu-
rogenic paresis. In such cases, when a neurogenic
component of the ‘paralysis’ can be ruled out, the
term muscular weakness is thought to be more
appropriate than paralysis.

Assessment of gait should take account of
length of stride. Dysmetria may take the form of
movements that are too long (hypermetria) or too
short (hypometria). Hypermetria, called ‘goose-
stepping’, is a relatively common sign of locomo-
tor dysfunction in the pig. Goose-stepping is
sometimes due to hock joint abnormalities pre-
venting its movement. A dysmetric gait often
includes a long stride with a prolonged supporting
phase. Painful skeletal lesions give a short stride
with a reduced support phase.

Recumbent animals may also indicate paralysis
or muscular weakness. Pain in a limb will produce
abnormal limb positioning: often, flexion or abduc-
tion to avoid weight bearing. Shifting of weight
from one leg to another in the standing position is
seen in polyarthritis. When there is pain involving
all four feet, as in laminitis in the acute form, a
posture is adopted with the back arched and the
feet bunched together under the abdomen. Such
animals are reluctant to move.
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Diagnosis from other behaviour

The following list of specific features can be given
as indications of the scope for clinical applications
of ethology.

Cattle with hypocalcaemia adopt a very charac-
teristic recumbent posture and many of them show
an equally characteristic ‘S’ bend in the neck while
recumbent.

In hypomagnesaemia, it is common to observe
greatly increased excitability in the behaviour of
the affected animal. This excitability is evident in
such behavioural features as unusual and excessive
flicking of the eyes and ears and in an unusual style
of walking.

Urolithiasis occurs quite commonly in rams that
are housed and heavily fed. The condition is associ-
ated with characteristic behaviour including grat-
ing of the teeth, straining and arching of the back.

In gangreneous mastitis, affected ewes character-
istically draw one hind leg behind the other while
walking. An animal’s general posture indicates a
toxic state and the head is often held low.

In about 80% of clinical cases of cystic ovarian
disease in cattle, restless behaviour is very conspicu-
ous. There is a typical feminizing behaviour, with
increased production of vaginal mucus and frequent
acceptance of mounting by other cattle. There may
be a deepening of the voice and an increase in vocal
activity. Among the various forms of masculine
behaviour, digging with the forefeet is often observed.

During milk fever, the cow is disinclined to move
and has a depressed facial expression with staring
eyes. She grinds her teeth and often makes intermit-
tent paddling movements with her hind legs. Often,
the cow produces exaggerated abdominal efforts to
defaecate, to little or no avail. As the condition
progresses, the cow may show some degree of inco-
ordination in her movements. As her powers of bal-
ance recede she is inclined to wander stiff-legged,
swaying a little and subside to a position of sternal
recumbency. Once the cow is recumbent she
becomes more placid, although sometimes showing
hyper-excitability and sweating if approached. As
coma supervenes, she either remains in sternal

recumbency and lowers her head and neck to the
ground or rolls over onto lateral recumbency.

Throughout veterinary literature, among the
identifying signs of many clinical conditions in
animals, mention is made of depression. For
example, depression is described as a major diag-
nostic clinical finding in such conditions as
Shipping Fever in cattle, the Mastitis-Metritis-
Agalactia (MMA) Syndrome in sows and Newcastle
Disease in poultry. By the clinical use of the term is
meant a marked reduction in general activity,
diminished responsiveness to exteroceptive stimuli
and an appearance of reduced awareness. Head-
pressing is a notable example (see Fig. 22.2).

The depressed behaviour of an animal can there-
fore be recognized by both a decrease in the
frequency of certain classes of maintenance behav-
iour and an increase in the frequency of certain
anomalous forms of behaviour.
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Fig. 22.2. (a) The head-pressing syndrome in a horse as
a result of toxic conditions; (b) head-pressing by a bullock
in pain because of a clinical condition (photographs
courtesy of A.F. Fraser).

(a)

(b)
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23 Abnormal Behaviour 1:
Stereotypies

What is Abnormality?

In order to recognize that behaviour is abnormal,
the person observing must be familiar with the
range of normal behaviour of that species. For
some abnormalities, indeed, recognition depends
upon a knowledge of the behaviour of that particu-
lar individual. One of the qualities of a good stock-
man is the ability to identify abnormal behaviour
using knowledge acquired as a result of looking
carefully at the animals. A difficulty for the stock-
man arises if many of the animals kept show the
same kind of abnormal behaviour, since such a sit-
uation can lead the stockman to believe that behav-
iours like bar-biting in sows are normal.

A wider knowledge of the behavioural reper-
toire of such animals is necessary in order to estab-
lish what is normality. In order to obtain this for
farm animals, it is necessary to study the animals in
a relatively complex environment where they have
the opportunity to show the full range of their
behaviour. This need not be the wild environment,
but it should include those components of it that
are important for the animal. An extensive knowl-
edge of the biology of such animals and a detailed
ethological investigation are therefore needed 
in order to be able to decide what behaviour is
abnormal.

The most obvious kind of abnormality is a dis-
tinct pattern of movements, but even this will usu-
ally have components which are shown as
components of some normal behaviour. The most
common abnormalities are those where the fre-
quency of the movements, the intensity of the
actions or the context in which the behaviour
occurs is different from the norm. The animal may
show the behaviour in an attempt to cope with
some aspect of its environment. In some cases, that
abnormal behaviour may help the individual to
cope but, in other cases, it may confer no beneficial
effect. Abnormal behaviour is behaviour that dif-
fers in pattern, frequency or context from that

which is shown by most members of a species in
conditions that allow a full range of behaviour.

Some abnormal behaviour has an obvious detri-
mental effect on either the animal showing it – for
example, horses eating wood – or on other animals –
for example, pigs tail-biting. The word ‘vice’ is some-
times used to refer to abnormal behaviour. However,
when used in a human context, this word implies
that blame should be attributed to the individual
showing the behaviour. Since almost all of the so-
called vices shown by domestic animals have been
shown to be a consequence of the ways in which the
animals are housed or managed, it is an illogical term
and will not be used in this book. The use of such a
term can have the effect on the person who manages,
owns or advises about the animals that the abnormal
behaviour concerned is not their responsibility but,
rather, is a fault of the animal. Such attitudes have
been an important factor in the perpetuation of
many systems resulting in poor welfare.

In this chapter, stereotypies are described. There
follow chapters on other abnormal behaviour classi-
fied according to what it is directed at: the individ-
ual’s own body, the inanimate surroundings or other
individuals. Chapter 26 concerns behaviour in
which there are inadequacies of normal function,
and Chapter 27 deals with abnormal reactivity.
Each of these chapters includes a description of the
abnormal behaviour and comments on the causative
mechanisms, where this is possible. It should be
emphasized, however, that while some kinds of
abnormal behaviour are a direct result of some spe-
cific problem for the animal, the actual abnormality
shown is often very individual in its characteristics.
The level and quality of the abnormality can vary
greatly from one individual to another.

Stereotypies

It has long been known that some caged animals in
zoos and some human prisoners in isolation cells will



pace out the same route over and over again.
Similarly, birds in small cages will fly or hop from
perch to perch, following a route, and both monkeys
in cages and autistic children will rock backwards
and forwards for long periods. Hediger (1934, 1950)
and Meyer-Holzapfel (1968) gave many examples of
such behaviour in zoo animals, and Levy (1944)
described examples of head-shaking in battery hens
and various movement patterns in children. Brion
(1964) described crib-biting and -sucking by horses,
and Fraser (1975c) described bar-biting by pigs. A
stereotypy is a repeated, relatively invariate sequence
of movements that has no obvious purpose. Its
occurrence and causation are described in detail by
Broom (1981, 1983b).

A stereotypy is usually recognized because a
sequence of movements is repeated several times
with little or no variation. However, the behavioural
repertoires of animals include many examples of
repeated action patterns – for example, walking,
flapping flight and various displays that would not
be called stereotypies (Broom, 1983b). Hence, it is
necessary to include in the definition of a stereotypy
some reference to its apparent lack of function. Does
it form part of one of the normal functional systems
of the animal (see Chapter 1) Detailed studies using
video recording show how much variation there is in
stereotyped behaviour. Figure 6.4 illustrates a pig
drinker-pressing, a behaviour sometimes shown in
stalls. In the same study (Broom and Potter, 1984),
the sham-chewing stereotypy occurred in bouts of
mean length 17.5 min. Below is a typical sequence of
events seen in drinker-pressing.

Just as action patterns, which are part of normal
behaviour, are seen to be somewhat variable when
analysed in great detail (Chapter 2, Broom 1981), so
the repeated movements in stereotypies show some
variation. When the descriptions of behaviour are
subjected to analysis using information theory, how-
ever, the stereotypies are found to include much
more redundant information, i.e. the same sequences
occur, than do non-stereotyped behaviours. When
Cronin (1985) analysed sequences of the behaviour
of tethered sows he found that some sows chewed
on their tether chain in a rigid sequence of actions
whereas there was more variation in the sequences
shown by other sows (Broom and Potter, 1984;
Fig. 23.1):

● Sow standing.
● Presses drinker with snout (5–8 s, no water

drunk).
● Pauses (1–2 s).
● Repeats above seven to 15 times.
● Presses drinker as above.
● Swings head to left and puts nose in neighbour’s

pen.

These other sows, however, showed action pat-
terns that were themselves repetitive and repeated
each of these action patterns even if the order was
not constant, so the behaviour would still be called
a stereotypy. These examples emphasize that
stereotypies are relatively invariate rather than
absolutely invariate. The repetition may be regular,
but it need not be, and the sequence of movements
may be very short, as in the head-shake of a hen, or
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Fig. 23.1. Quantitative description of stereotyped sequences in two pregnant, tethered sows. Each element
corresponds to a specific motor act (e.g. E3 is sham-chewing in both sows). Numbers along arrows indicate the
percentage of occasions that individual elements succeeded other elements (from Cronin, 1985).



long and complex, as in some route-tracing by
bears in zoos or in the elaborate weaving sequences
by some pigs in stalls or mink in cages.

As a way of trying to understand the significance
and motivational basis of stereotypies, various
physiological investigations have been carried out.
Several different psychostimulant drugs that inter-
fere with the metabolism of the catecholamine
neurotransmitters dopamine and noradrenaline
(= norepinephrine) affect the incidence of stereo-
typies in various animals, including farm animals.
The possible mechanisms involved are reviewed by
Dantzer (1986) who concludes that: ‘There is good
evidence that performance of stereotyped behav-
iour depends upon brain dopamine systems
involved in the control of movement.’ Opiate pep-
tides in the brain may also be linked with stereo-
typed behaviour in some way, for Cronin et al.
(1985) found that when naloxone, which blocks
the � receptor sites for � endorphin, etc., is admin-
istered to stereotyping sows they cease the behav-
iour. However, it is unlikely that the tethered sows
use stereotypies to induce the action of the anal-
gesic opiate peptides in the brain, as Cronin et al.
suggested.

Zanella et al. (1996) found that sows that
showed much stereotypy had lower mu and Kappa
receptor densities and lower dopamine in the
frontal cortex, while McBride and Hemmings
(2001) reported that horses showing more stereo-
typies had more dopamine (DI) receptors in the
nucleus accumbens than low stereotypies. The roles
of opioids and dopamine in stereotypies are not
simple.

Stereotypies occur in situations where the indi-
vidual lacks control of its environment. In some
cases, the animal is obviously frustrated and in
other cases the future events are rather unpre-
dictable. Frustration about food inadequacy is one
factor leading to increased likelihood of stereotyp-
ies (Lawrence et al., 1991; Mason, 1993; Vinke et
al., 2002). Many examples of such situations are
included in the rest of this chapter. Ideas about the
causation of stereotypies and their possible func-
tion for the animal have been complicated by the
fact that some situations where stereotypies are
shown are barren environments, but others include
disturbing or threatening factors. Hence, the
stereotyped behaviour might increase the total sen-
sory input in the barren environment but produce a
more predictable and familiar input in the disturb-
ing situation.

The behaviour sequence that becomes stereo-
typed is sometimes an incomplete form of a func-
tional behaviour pattern (van Putten, 1982). It
might arise from direct attempts to remedy some
problem, such as to remove a bar that is preventing
escape or to obtain the last available particle of
food. By the time that the stereotypy is established,
no simple function is served. The observation that
animals showing stereotypies are often difficult to
disturb is of interest, for they may have their brain
state modified in a way that reduces responsive-
ness. There is no clear evidence that stereotypies
alleviate the effects of adverse conditions.
However, whether or not they are of any help to
the animal, they are clearly an indicator of poor
welfare. Mason et al. (2007) explain how the poor
welfare associated with the occurrence of stereo-
typies can be alleviated or eradicated by appropri-
ate environmental enrichment.

The remainder of this chapter includes descrip-
tions of a wide range of stereotypies occurring in
domestic animals and is organized according to the
nature of the movement. The first few stereotypies
involve the whole body. There follow stereotypies
involving much of the body or part of the body.
Finally, those in which the oral region is used are
detailed.

Pacing or route-tracing

The repeated action patterns during pacing or
route-tracing are those used in walking or other
locomotion, but the animal follows a path that
returns to its point of origin and which is often
repeated with only minor modifications. The route-
tracing of zoo animals in cages, of some confined
domestic animals and of confined or disturbed
people has often been described. Some obvious
frustration is normally evident, most frequently
that the animal cannot escape from confinement in
a cage or pen, but occasionally that access to a
social partner, a sexual partner, food or some other
resource is impossible.

In the horse, stereotyped pacing is shown under
conditions of minimal exercise in chronic confine-
ment. The condition closely resembles weaving,
with the precision and repetition in which the ani-
mal performs its rhythmic movements. Stereotyped
pacing also occurs in poultry; the condition can be
induced, by thwarting birds that are very hungry
and which have a high expectation of food pro-
vision. Duncan and Wood-Gush (1971, 1972)
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trained hens to feed from a dish in a particular
position and then thwarted feeding by putting a
transparent perspex cover on the dish (see Table
23.1). In poultry, the stereotyped pacing resembles
escape movements. Affected birds typically show
repetitive pacing movements occupying the full
range of one side of the pen or cage. When the con-
dition has become established in the bird’s behav-
ioural repertoire it shows a strong tendency to
persist, although it may reduce in frequency if
thwarting circumstances are eliminated.

Hens also pace before oviposition if no nest
material is available. If hens have nest material they
will build a nest before egg-laying, and their frus-
tration if this is not possible is probably the major
factor leading to stereotyped pacing at this time
(Wood-Gush, 1969, 1972; Brantas, 1980).

Circling and tail-chasing

Animals of various species may sometimes turn in
tight circles and dogs may do so, apparently trying
to catch their own tails. Occasionally, this is a
result of a neurological disorder. Tail-chasing is
most likely to occur when a dog is excited and frus-
trated, for example, because there is a possibility
that it will be taken for a walk, but it cannot 
control when or whether or not this happens. 
The behaviour usually stops when the frustrating
situation is resolved.

Rocking, swaying and weaving

The individual remains in one place when carrying
out this stereotypy, but the body is moved back-
wards and forwards or from side to side, with or
without head-swinging. Monkeys in captivity,
especially those deprived of their mother or of com-
panions for some time, show rocking behaviour; so

too do autistic children and other children in very
disturbing circumstances. Horses, calves and adult
cattle that are tethered or in small pens will some-
times rock and sway.

Weaving in horses involves swinging the head
and neck and anterior parts of the body from side
to side, so that the weight rests alternately on each
forelimb. In most cases the forefeet remain on the
stable floor during the behaviour but, in extreme
cases, each foot is raised as the weight passes on to
the other foot.

Lack of variety in the environment is a likely
cause (Houpt, 1981), as it occurs most commonly
in riding horses that have been stabled for long
periods in idleness. Many animals exhibiting weav-
ing become physically exhausted and lose weight
progressively. Once the condition is acquired it is
extremely difficult to control, and it is believed that
the anomaly can be induced in other horses in a
stable through mimicry. To some extent, weaving
can be controlled by tying the horse with cross-
reins so as to limit the lateral movement of its head,
but this is probably of no benefit to the horse.
Ideally, affected animals should be turned out to
pasture but, when this is not possible through lack
of space, enforced exercise can be provided by
lunging or the use of a mechanical exerciser.

Rubbing

Some part of the body is moved back and forwards
against a solid object and the movement is repeated
so many times that it could not function merely to
alleviate a local irritation.

Cattle confined to stalls for extended periods,
such as in winter, may rub their heads repeatedly
against some part of the stall. This behaviour is
more noticeable in horned breeds and more in bulls
than in other stock. Head-rubbing in pigs is some-
times observed in animals subject to chronic
restriction within narrow, single stalls. In this
behaviour, the upper snout region of the sow is
rubbed repetitively and vigorously along the under-
side of a bar across the front of the stall.

The behaviour of tail-rubbing in the horse may
occur as a sign of parasitism, including Oxyuris in
the rectum, fungal infection of the perineum or
louse infestation in the region of the tailhead.
Persistent tail-rubbing may occur in horses without
any causative infection or infestation and, in these
cases, the condition is one of anomalous behaviour
in which one feature of normal grooming is carried
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Table 23.1. Conditions leading to stereotyped pacing
by hens (frp, Duncan and Wood Gush, 1972).

Mean number of
stereotyped pacing
routines in 30 min

Deprived, fed 13.3
Not deprived, not fed 18.7
Deprived, frustrated
(food under perspex cover) 161.0



to excess. The horses may back into a post, tree,
fence or a portion of a building and move the
hindquarters rhythmically from side to side while
the tail is pushed into the perineal region.

Pawing and stall-kicking

Although pawing is a normal behaviour of four-
legged animals, it can be shown in abnormal form
when it is performed with vigour in a persistent,
stereotyped fashion. Dogs may show pawing in cer-
tain frustrating situations, and pawing may occur
when horses are frustrated in obtaining food. The
anomalous condition is shown in pawing that is so
frequent and vigorous that holes may be dug in the
stall floor and the hoof worn down severely.
Continual pawing on a hard floor can result in var-
ious forms of leg strain and injury. Attempts to
control this problem through negative conditioning
have not been successful. It occurs most frequently
in confined and isolated horses, so may be allevi-
ated by turning the affected animal out to pasture
in the company of other horses.

Some stalled horses repeatedly lower the head,
pull back the ears, arch the back and kick with a
hind leg against the wall or door behind them so
that a loud bang is produced. The noise may ini-
tially attract attention, which the horse may be
seeking, but the action can lead to injury and dam-
age. The splintering of woodwork can result in
exacerbation of injuries and the production of
material that the horse may later ingest. Attempts
to prevent stall-kicking usually involve the use of
hanging mats or barriers that might reduce injury
and nuisance, but do not address the cause of the
problem. As with other stereotypies shown by
stalled horses, putting the animal out at pasture or
providing frequent exercise and more companion-
ship are the real answers.

Head-shaking or head-nodding

The head is moved vertically, laterally or with a
rotary movement of the neck. Head-shaking occurs
in the domestic fowl and takes the form of a rotary
movement of the head, with a series of rapid side-
to-side turns ending with a slight downward move-
ment (Levy, 1944). These spasms of movement last
only for a second or so but may be repeated in suc-
cession for several minutes. They are also shown by
jungle fowl (Kruijt, 1964).

Increased head-shaking sometimes results from

the close presence of an observer from which the
bird cannot escape. For example, it has been found
that, in certain strains of birds, the incidence of
head-shaking increases fivefold in the presence of
an observer in an obvious position (Hughes, 1980).
There appears to be more head-shaking in caged
birds than in floor-housed hens, and it is affected
by breed, space allocation, group size, transfer to
novel conditions and social rank (Hughes, 1981;
Bessei, 1982). These results and those of Kruijt
(1964) and Forrester (1980) suggest that head-
shaking is linked to attentional mechanisms and
the preparation for making a response. Hence, the
behaviour may have a function when shown occa-
sionally but should be regarded as abnormal and a
stereotypy when shown often.

Head-nodding in the horse occurs as stereotyped
behaviour in various forms. The most common is
repeated ‘bobbing’ up and down of the head. As
with some other stereotypies, such as weaving, 
it has been suggested that there may be a self-
hypnotic component in this behaviour. When
animals show this anomaly they certainly appear 
to be in a light, somnolent state, showing little
attention to their environment.

Wind-sucking

Air may be sucked in as a stereotypy in itself or com-
bined with head-nodding or crib-biting in horses, or
tongue-rolling in cattle. In some forms of wind-
sucking, the horse nods its head and neck several
times before making the intake effort. In the initial
act of wind-sucking, the head may be jerked
upwards, the mouth opened taking in air and 
the floor of the mouth raised as the neck is flexed.
The characteristic wind-sucking sound is made as air
is expelled. The air taken into the mouth is not
swallowed and passed into the gut (McGreevy et al.,
1995). It is known that horses are more likely to
show wind-sucking if those stalled nearby do so, and
experience shows that foals may acquire the aero-
phagic habit from affected mothers. The behaviour is
not normally seen amongst horses at pasture.

A common method for preventing wind-sucking
is use of the wind-sucker strap. This is a strap
fastened tightly around the throat, with a heart-
shaped piece of thick leather held between the
angles of the jaws with the pointed end protruding
towards a pharyngeal area. With this device in
place, difficulty and apparent discomfort are
caused to the horse when the neck is flexed in the
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attempt to suck wind. Some horses will continue to
practise the abnormal behaviour in spite of this
device, so that they eventually acquire pressure
sores on that part of the neck where the strap
presses.

Various surgical methods have been attempted in
the prevention of wind-sucking. One of these
involves the creation of fistulae, on each side of the
mouth, between the buccal cavity and the outer
cheek. Such fistulae prevent the formation of a
vacuum in the mouth that is required in the act of
swallowing air. In addition, a wind-sucking pre-
vention operation has been devised in which the
small muscles surrounding the pharynx are par-
tially removed. Even this radical operation, how-
ever, fails to give totally satisfactory results. None
of these actions is likely to be of any help to the
horse and it would clearly be much better to
change the environment of the animal.

Eye-rolling

The eyes are moved around in the orbit at a time
when no visible object is present, and moving in
such a way as to lead to such movement. Young
calves confined in crates sometimes stand immobile
for extended periods and do not show the normal
variations between lying and upright positions.
During some of these episodes, the head is held
motionless and the animal rolls its eyes within the
orbits so that only the white sclera is shown, such
eye-rolling being frequently repeated.

Sham-chewing

Jaw movements like those shown when chewing
food are shown at a time when the animal has no
food in its mouth. This condition is typically seen
in sows that are tethered or kept singly in stalls in
which no litter is provided. The animal chews vig-
orously at a time when all food available has been
eaten and, since pigs are not ruminants, there can
be no oral content except saliva. Constant features
involve periodic chewing and mouth-gaping, while
the chewing motion causes frothing and foaming of
saliva. This foam collects on the outer edges of the
lips (see Fig. 23.2) and the corners of the mouth
and drops to the ground, where such material can
remain in portions, for some time, as evidence of
this activity. Sham-chewing occurs most often
while the sow is lying in a prone position or on its
haunches in a dog-sitting position. It can be main-

tained as a prominent activity enduring throughout
consecutive days. Broom and Potter (1984)
reported that sows spent up to 90 min sham-
chewing (median 26 min) during the 8 h of day-
light, and Sambraus (1985) describes sows that
were sham-chewing for many hours, day after day.

Sham-chewing may be reduced if the sows are
given straw or sawdust to chew and root. When
sow diet was supplemented by the same weight of
oat hulls, the total frequency of stereotyped
behaviour was not altered but sows lay down for
longer and, as a consequence, showed more
sham-chewing but less of the stereotypies shown
while standing (Broom and Potter, 1984). A
change to a group-housing system is the best way
to alleviate the adverse effects on sows resulting
in sham-chewing.

Tongue-rolling

The tongue is extruded from the mouth and moved
by curling and uncurling outside or inside the
mouth with no solid material present. This stereo-
typy has been described in detail for cattle and it
includes components of the movements involved in
the prehension of forage plants during grazing. The
tongue is typically extruded and rolled back into
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Fig. 23.2. Sham-chewing stereotypy in a sow
(photograph courtesy of H.H. Sambraus).



the open mouth, after which partial swallowing of
the tongue and gulping of the air takes place (see
Fig. 23.3). Tongue-rolling may be associated with
air intake, together with frothing at the mouth.
Durations of tongue-rolling episodes range from a
few minutes to several hours. It occurs most com-
monly immediately before and after feeding.
Tongue-rolling might have an origin in forms of
calf-feeding in which suckling is deficient. In
horses, the tongue may be repeatedly extended and
withdrawn without rolling movements. This
stereotypy is called tongue-drawing (see Fig. 6.6).

Attempts to control the condition have been
only partially successful. Wind-sucking straps have
sometimes been fixed to affected animals. Other
control methods include the insertion of a metal
ring through the frenulum of the tongue.
Therapeutic success has been reported through the
provision of diets improved by salt mixtures. The
provision of freedom of movement is also helpful in
the control of this condition.

Licking or crib-whetting

In stereotyped licking, the tongue is applied repeat-
edly to an area of the animal’s own body or to an
object in the surroundings, with the same pattern
of movement. This action may result in injury to
the tongue, a wearing away of the area licked or
ingestion of substantial quantities of hair or other
materials (see Chapter 24). Stereotyped licking
occurs in situations where animals have inadequate
quantities of food, no teat from which to suck or
insufficient total sensory input.

Some horses subject to chronic confinement
show a form of anomalous oral behaviour in which
the body of the tongue is slowly, but repeatedly,
drawn across the edge of some part of the stall such
as the crib or manger. The animal keeps the tongue
still and firm during this action, so that the behav-
iour does not represent true licking.

Bar-biting, tether-biting or crib-biting

The animal opens and closes its mouth around a
bar, tether or stable door, engaging the tongue and
teeth with the surface and performing chewing
movements. Bar-biting has been described for preg-
nant sows housed in stalls or tethers that are very
restrictive and do not allow the animal to turn
around. The crate front and sides are made of
metal piping. Tethers are commonly metal chains
that the sow can bite and move up and down.
Floors may be solid concrete or slats.

When engaged in bar-biting (see Fig. 23.4), the
sow takes into its mouth one of the cross-bars at
the front of the crate and bites it, rubs it with the
body of the tongue or slides the mouth across the
bar in rhythmic side-to-side motions (whetting).
While biting the bar, the sow may take a firm grip
on it with its jaws or may press the body of the
tongue against the bar. In some instances the sow
disengages from bar-biting and rubs its nose, above
the snout, underneath the bar in side-to-side
motions. Tether-biting occurs in much the same
way but movements after the tether chain is taken
into the mouth are more variable, as the tether can
be moved more than can a bar. The sequences of
movements include series of elements that are
repeated exactly and others that are more variable.
Breaks in these activities occur so that they are pro-
duced in episodes of activity. Trauma to the sow is
not usually observed as a result of this condition.

Bar-biting and tether-biting can be partially con-
trolled by improving the husbandry condition so as
to provide the animal with oral occupation. This
can be done by providing straw or sawdust as litter
that the animal can chew or in which it can root.
Bar-biting, crib-biting and other stereotypies are
more frequent if straw or other manipulatable
material is not present (Fraser, 1975c). Bar-biting
and other stereotypies were not reduced by eating
straw or oat hulls (Fraser, 1975c; Broom and
Potter, 1984), so it appears that the possibility of
manipulating is important rather than the bulk
content of the diet.

Fig. 23.3. Tongue-rolling by young bull in confinement
(photograph courtesy of H.H. Sambraus).
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Substantially increased food rations do reduce
its incidence, however (Appleby and Lawrence,
1987). Further details of such studies are reported
in Chapter 29. Bar-biting may also be shown by
cattle kept in close confinement.

Horses crib-bite by grasping the edge of the
manger or some other convenient fixture with the
incisor teeth (see Fig. 6.5). The upper incisors are
most often used alone. The subject presses down,
raises the floor of the mouth, the soft palate is
forced open and there is usually a distinct grunt. In
some cases, horses may rest their teeth against the
bottom of the manger, the lower edge of the rack or
the end of a shaft or pole. In rare cases, the mouth
may be placed against the knees or cannons. Some
horses, which have been crib-biters, may change to
wind-suckers when remedial measures are
attempted. Some horses engage in these activities

when alone in the stable but others will show it
when in the company of other horses. Some
affected animals will never show any signs of the
disorder when under close supervision, but most
disregard the presence of humans.

In crib-biters the incisor teeth, particularly of the
upper jaw, show signs of excessive wear. This tooth
wear may progress to such an extent that the inci-
sors no longer meet when the mouth is shut, and
grazing then becomes impossible. The muscles of
the throat increase in size. In the advanced condi-
tion, the animal becomes physically unfit.

Control of this condition is difficult except by
change to less confined housing conditions. The
most common measure is to fasten a strap round
the throat, sufficiently tight to make arching of the
neck uncomfortable, but not tight enough to inter-
fere with respiration. Such straps usually require
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Fig. 23.4. Bar-biting by a
stall-housed sow
(photograph courtesy of
H.H. Sambraus).



removal during feeding. In some types there is a
metal ‘gullet-piece’, which has a recess into which
the windpipe fits and which allows the device to be
worn without danger. Another preventative device
consists of a hollow, cylindrical perforated bit that
prevents the animal from making its mouth airtight
so long as it is worn.

Short-term prevention of crib-biting does not
reduce the behaviour overall and results in poor
welfare (McGreevy and Nicol, 1998a, b). A thick
rubber or wooden bit that prevents the jaws from
closing is sometimes used, but entails a certain
amount of acute discomfort and is not recom-
mended on humane grounds. A thick rubber or
wooden bit that prevents the jaws from closing is
sometimes used, but entails a certain amount of
acute discomfort and is not recommended on
humane grounds. Surgery is sometimes performed:
this is a highly specialized procedure involving a
section of the throat muscles essential to the behav-
iour. It is a very drastic method of preventing an
action that is induced by inadequate management
and housing conditions.

Drinker-pressing

This stereotypy (see Fig. 6.4), pressing an automatic
drinker repeatedly without ingesting the water, is
shown by pregnant sows kept in stalls or tethers
and provided with a nipple drinker. The drinker is
one of the most interesting items in the animal’s sur-
roundings, and some individuals spend long periods
manipulating it (see above). In a study by Broom
and Potter (1984), sows spent from 2 to 74 min
pressing their drinkers during 8 hours of daylight.
The median time spent was 10 min, which is
considerably longer than necessary for drinking.

Further Reading
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24 Abnormal Behaviour 2: 
Self-directed and 
Environment-directed

The general principles of what constitutes behav-
ioural abnormality are discussed in the previous
chapter. Domestic animals show some behaviour
that is, for the most part, normal in its pattern but
is abnormal in respect of the object to which it is
directed or the extent to which it occurs. In this
chapter, those behaviours, other than stereotyped
behaviour (Chapter 23), that are directed towards
some part of the animal’s own anatomy or some
inanimate feature of the animal’s surroundings, are
discussed. Chapter 25 concerns abnormal behav-
iour directed towards other animals.

Self-mutilation

Dogs may chew their limbs or other parts of the
body because there is an injury or irritation in that
area, or in the absence of any detectable localized
injury. Such chewing can continue to the point of
significant self-mutilation. Repeated rubbing of a
part of the body against a solid object can also be
shown by dogs until injury results.

Mink in fur-farm cages remove fur from the tail
quite frequently and, much less frequently, chew
the tail itself so that is is shortened (de Jonge and
Carlstead, 1987; Mason, 1994).

Self-injury through vigorous body friction or
flank-biting is a serious behavioural anomaly in
horses. Animals affected with this disorder may bite
at their sides or rub their neck crests damaging the
coat, the mane, the skin and occasionally causing
flesh wounds. It is a form of behaviour characterized
by its intensity and is sometimes accompanied by
vocalization. This disorder appears to occur more
commonly in stallions than in mares or geldings.

In dogs, horses and other animals showing self-
mutilation, the condition typically occurs in cir-
cumstances of confinement and isolation.
Tranquillization may be necessary to terminate an
episode. The provision of a companion or a more
extensive and complex living condition can be
helpful in controlling the disorder. While affected

animals are not usually found to have any patho-
logical skin condition, parasitism or gastrointesti-
nal clinical condition, these matters should be
taken into account in the assessment of the case.

Occasional individuals of all domestic animal
species show rubbing behaviour resulting in the
development of a wound and, in certain circum-
stances, animals will peck, bite or kick at them-
selves to an extent that results in injury. This
behaviour is often associated with some localized
infection, parasitism or pain (see Chapter 27), but
extreme self-mutilation, like that shown by mon-
keys that are confined and deprived, may some-
times occur. The removal of hair, wool or feathers
is considered in the next section.

Licking, plucking and eating of own hair, wool
or feathers

Excessive licking of the coat can be shown by dogs,
cats and many other domestic animals. Many
young calves housed in individual crates spend
long periods of each day licking those parts of their
bodies they can reach. This behaviour, which may
be stereotyped in form, results in the ingestion of
large quantities of hair, which aggregates into hair-
balls or bezoars in the rumen. Balls as large as
15 cm in diameter have been found in the rumens
of calves (Groth, 1978), and these hairballs clog
the rumen and openings to it. Digestive problems
and even death can result from this. This excessive
licking occurs mostly in early-weaned calves: all
dairy calves would come into this category and
more in individually housed than in group-housed
calves. Ingestion of such material is occasionally
shown by young lambs and by poultry, but this is
more frequently a different kind of behaviour
addressed to other individuals.

Some caged birds, e.g. parrots, pull out their
own feathers, with or without eating them. Parrots
in situations in which there is insufficient stimula-
tion and those in which there can be disturbance
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that the parrot cannot control are more likely to
show feather-plucking. The behaviour may result
in large areas of the body being denuded of feath-
ers. An improvement in the quality of the parrot’s
environment by provision of much more for the
parrot to do or by removal of the uncontrollable
disturbance is the way to improve the welfare of
the parrot and prevent the feather-plucking. Efforts
to reduce feather-plucking are seldom successful
unless they involve removal of the cause of the
poor welfare that is causing the problem. Parrots
can be given control of their environment by hav-
ing an opportunity to conceal themselves from
humans or other disturbance and by carrying out
operant actions that modify aspects of their sur-
roundings. Social contact benefits almost all par-
rots, as they are species with elaborate social
structure and communications.

Sucking and eating solid objects

Recently weaned mammals will often suck and lick
the walls and bars of their pens in a non-stereo-
typed way. Such behaviour is particularly frequent
in young calves and piglets that are weaned at a
much earlier age than would occur naturally.
Calves separated from their mothers in the first few
days after birth will nibble, chew and suck at any
object in their environment, but they suck more on
teat-shaped objects, especially artificial teats and
the appendages of other calves (Waterhouse, 1978;
Broom, 1982; van Putten and Elshof, 1982). Such
behaviour will be discussed further in the next
chapter.

The propensity for dogs and, to a lesser extent,
cats to eat various solid materials is well known
and often a source of concern to pet-owners. A dog
may gnaw a destructible material such as wood or
may pick up fibrous or other objects and then chew
and eat these materials. This may indicate a nutri-
ent deficiency, but some individuals show the
behaviour when they are not deficient in any nutri-
ent. Chewing furniture and human clothing can
occur when dogs are left without companions,
either canine or human. The object may have the
smell of a companion. Providing companionship is
often the best solution to the problems that lead to
the abnormal behaviour.

Amongst older animals of all grazing species,
chewing at or eating solid objects is occasionally
recorded. The seeking out and eating of wood,
cloth, old bones and other objects by cattle and

sheep is sometimes referred to as pica. In some cir-
cumstances such behaviour is a result of phospho-
rus (P) deficiency, and it is frequent amongst
free-range animals on P-deficient land. This defi-
ciency can be remedied by ingesting some materials
mentioned above. Control of this abnormal behav-
iour is to supply P to affected animals. It has been
found that merely offering a P-rich supplement,
such as bone meal, may not be sufficient to rectify a
serious deficiency. Some deficient animals fail to
ingest a sufficient quantity of the supplementary
feed to attain satisfactory body levels of P. In such
instances, P can be given by injectable solution.

Abnormal chewing and eating of wood, or
lignophagia, is not uncommon in horses in con-
fined quarters or paddocks. It is not restricted to
stalled horses, since it can be observed in horses in
outdoor enclosures. In pastures, wood-chewing
may take the form of debarking tree trunks. Wood-
chewing can lead to serious intestinal obstruction
(Green and Tong, 1988). Although wood-chewing
horses do not usually ingest most of the wood they
chew, some splinters may be consumed and some
can cause damage within the mouth. Excessive
tooth wear also occurs. Affected animals may
transmit the habit to associating horses. This can
lead to the destruction of wooden fences, partitions
and doors.

Lack of roughage in the diet undoubtedly predis-
poses a horse to wood-chewing. Horses fed on con-
centrate diets with a low supply of roughage show
the condition much more frequently than horses
fed hay in abundance. A wood-chewer may chew
0.5 kg of wood per day from stall edgings. It has
been found that ponies confined to stalls and fed a
high-concentrate diet spend 10% of their time
wood-chewing. When a high roughage diet was
given, wood-chewing dropped to 2% of eating
time. Access to extensive pasture is helpful in treat-
ing this condition, but the habit can persist and
trees can be ringed by debarking.

Eating litter, earth or dung

Some animals are kept on bedding that is a poten-
tial food source for them so it is not surprising that
pigs, cattle and horses will eat some of their straw
bedding. This is not abnormal behaviour unless
carried to an extreme. However, some litter used
for animals is almost or completely non-nutritive
and yet animals which are confined in a small space
will eat their bedding, even after it has become
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soiled. Litter-eating, as seen in chicks and turkeys,
occurs most commonly when they are reared on
chaff or wood litter. The incidence of this behav-
iour is highest within flocks that are not provided
with sufficient feed trough space. The incidence is
also higher in some breeds and strains of birds than
others, and this indicates a genetic predisposition
to the condition. The condition can sometimes be
alleviated by supplying an abundance of grit to
birds, and it may be that the depraved appetite
component of litter-eating represents a search for
mineral material.

Birds that practise litter-eating are liable to
develop impaction of the gizzard or other alimen-
tary regions and this, in turn, causes death in many
cases. When horses practise litter-eating they
become increasingly indiscriminate with regard to
the nature of the litter eaten and may eat mouldy,
contaminated bedding. Colic is liable to occur in
such cases, with severe illness and death as possible
consequences.

In the horse, several causes of litter-eating are
recognized. Imbalanced rations, feeding at the
wrong time of day and heavy worm burdens have
all been found to contribute to this condition.
Horses kept outdoors graze most of the day, and
eating is clearly their major occupation. Within sta-
bles, this occupation is curtailed and grain or com-
pounded food is often consumed quickly. If such
food is not followed up with the provision of clean
hay, for ingestive occupation as much as balanced
nutrition, horses are likely to seek other available
materials to consume.

In the control of litter-eating in poultry, it is
important to ensure that there is abundant feed-
trough space so that birds in low positions within
the peck order have an opportunity to find secure
space somewhere at the feed trough. Without ade-
quate trough space they are likely to be driven
away and start to eat litter in compensation. In the
horse, control of this abnormal behaviour requires
close attention to all aspects of the diet. Appraisal
of feed is necessary to ensure adequate quantity
and variety. Supplementary feed should be pro-
vided in the form of salt licks and mixtures rich in
minerals and vitamins. Fresh feed, such as grass,
greens or carrots, should be offered regularly.
Feeding times should be observed on a precise
timetable with late night or early morning feeding
being included in the schedule. Horses found to
have a worm burden should receive effective,
appropriate anthelminthic treatment.

Dogs, horses and cattle sometimes eat soil or
sand (see Fig. 24.1). Animals which do this are sus-
ceptible to alimentary dysfunctions. The condition
has been termed geophagia, and has been thought
to be the result of mineral-deficient diets.
Phosphorus and iron deficiencies are known, in
some cases, to be responsible for soil-eating, but
other affected animals do not appear to have a
nutritional deficiency. Close confinement and lack
of exercise appear to be the most common causal
circumstances. Excessive eating of sand can result
in sand impaction of the caecum and colon in the
horse. Sand impactions have also been encountered
in cattle in the abomasal region as a consequence of
this habit.

Coprophagia, the eating of faeces, is normal
behaviour in rabbits and occurs in dogs, pigs and
horses. The faeces of other species may provide
useful nutrients, so they are part of the food of
some animals such as pigs. A double passage
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Fig. 24.1. Horse eating soil from a patch of bare earth
(photograph courtesy of A.F. Fraser).



through the gut, when an individual eats its own
faeces, leads to more efficient digestion in rabbits
and can also be functional in other species. The
habit is so common in foals under conventional
management that it is generally considered as nor-
mal behaviour in these animals, although apart
from the possibility of helping to establish an ade-
quate gut flora it would seem to be maladaptive.
Coprophagia in the adult horse is anomalous and is
induced by particular circumstances such as
chronic enclosure in loose boxes or a change in
management from regular exercise to no exercise.

Overeating

Overeating, or hyperphagia, and rapid eating are
habits observed in dogs, horses and, occasionally,
in cattle. In the course of bolting their food some of
these animals may choke. Since the food consumed
is not fully masticated, digestive disorders can
occur. When grain is consumed in excessive quan-
tity in cattle it can be fatal. One way of controlling
hyperphagia is to make it difficult for the animal to
consume the food rapidly.

Polydipsia

As mentioned in the previous chapter, some con-
fined sows spend long periods showing stereotyped
drinker-pressing, but this is not polydipsia, or
excessive drinking, because little of the water is
ingested. Polydipsia nervosa is seen in some horses

that are isolated and confined in stalls with water
supplied ad libitum. Some horses will consume
about 140 l/day, or about three to four times the
normal quantity. This excessive consumption can
be spread over a period or may be concentrated
within a relatively short time of 2–3 h. Excessive
drinking is also encountered in other species that
are subject to close confinement and, in these cases
too, the water consumption by the individual usu-
ally represents a two- to fourfold increase in the
normal water intake. It has been observed in sheep
subject to chronic, close confinement in stalls and
in metabolism crates.

While it is difficult to be precise about the
adverse effects of this anomaly on the animal, the
constant flushing of ingesta probably reduces the
nutritional value of the ration. In some instances,
polydipsia has been noted in sows with the ‘thin
sow’ syndrome. It could be that the sudden intake
of an abnormally large quantity of water may
allow a segment of the alimentary canal to become
heavily loaded and liable to twist. This could
explain cases of gut-twist in the horse. Polydipsia is
most common in closely confined animals given lit-
tle exercise, and the habit can be controlled and
broken by providing better housing and regular
exercise.

Further Reading
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25 Abnormal Behaviour 3:
Addressed to Another Animal

Introduction

Animals that are kept with other members of their
own species, or that have an opportunity to 
interact socially with members of other species,
sometimes direct abnormal behaviour to those
other animals. Much of this behaviour involves
behaviour patterns that are in the normal reper-
toire but which are inappropriately directed. The
behaviours described in this chapter are grouped
according to the apparent motivational state of the
animal. Animals sometimes treat other animals, or
parts of their anatomy, as if they were objects to be
investigated, obtained or eaten, just as were the
objects described in the last chapter. Other types of
abnormal behaviour are directed inappropriately
towards other animals as if they were a sexual
partner, a mother or a rival. The extreme arti-
ficiality of many farm animal management and
housing systems has resulted in much more abnor-
mal behaviour and more kinds of such behaviour
being shown by farm animals than by companion
animals.

Animals Treated as Objects

The behaviour preceding activities described in this
section is often indistinguishable from that which
precedes activities reported in Chapter 20. The ani-
mal approaches another individual, or more often
a particular part of that individual, as if it were
exploring its environment or looking for food. In
circumstances where the animal approached is
unable to move away because of lack of space or
the close proximity of other animals, an action
may be completed that is damaging to that animal.
If the animal that is showing the behaviour can
readily obtain the resource that it seeks, such
behaviour is less likely; for example, provision of
straw and other enrichment for pigs results in less
behaviour directed at pen-mates (Beattie et al.,
2000).

Egg-eating

Egg-eating is a habit found in chickens kept in pens
and cages. It appears to occur more on wire mesh
floors than among flocks on litter. The behaviour
begins with a bird pecking at an egg until it is bro-
ken. The contents of the egg are then partially
ingested. When a bird acquires this habit it is likely
to increase the practice, and other birds may also
acquire the habit through mimicry. In some cases,
significant amounts of eggshell are eaten and this
leads to the suspicion that the diet of affected birds
may be deficient in grit.

Control of this condition involves the elimina-
tion of affected birds, but this may be difficult in a
large flock as the perpetrators are difficult to iden-
tify. It is sometimes found possible to inject strong
food dye into the substance of an egg and have this
egg left lying on the ground. An egg-eating bird
choosing this egg will be marked by coloration
about the head. It is advisable to provide a supply
of grit or oyster shell chips in dealing with prob-
lems of this nature. It is important to lay out the
grit in long troughs so that all birds can have occa-
sional access to it. In cages, the problem is reduced
if eggs can roll away out of reach of the birds. The
provision of nest boxes in larger cages reduces egg-
eating, as floor-level eggs are eaten most frequently.

Wool-pulling and wool-eating

Wool-pulling is a form of abnormal behaviour that
occurs in sheep within restrictive enclosure and
indoor management systems. It is clear that crowd-
ing within pens is a contributing factor, but it is
also believed that a deficiency of roughage in the
diet may contribute to it. In addition to pulling
wool from other members of a group, the individ-
ual sheep also ingests some of the wool.

Wool-pulling in adult sheep is usually practised
by one individual within the group. In time, the
anomaly is induced in others by association. The
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sheep receiving most wool-pulling are usually those
that are lowest in the social hierarchy within a
group. The condition is therefore related to social
dominance. The wool-pulling animal is usually
identifiable through having an intact fleece. When
wool-pulling first begins, affected animals are
observed to pull with their mouths on the strands
of wool on the backs of others. As afflicted sheep
receive more attention from the wool-puller, the
long wool becomes denuded from the back area.
Over this region the fleece may be reduced to wool
fibres of approximately 3 cm, while fleece of nor-
mal length is still borne elsewhere on the body. As
the anomaly intensifies, afflicted animals can lose
wool so extensively over the entire body that they
begin to appear semi-naked, as a result of pink skin
showing through the sparse remaining wool fibres.

Since this condition is clearly associated with
overcrowding within indoor pens, control of the
condition is possible through reduction in pen den-
sities. Pens of about 20 m2 can contain about ten
mature sheep, but wool-pulling is likely at this
stocking level. A reduction to 50% of this density is
effective in controlling wool-pulling. At this lower
level of population concentration the anomaly can
be eliminated, especially if there is also the provi-
sion of a regular supply of quality roughage. Hay is
ideal, but straw can also be useful for this purpose.
While nutritional deficiencies have been suspected
as a case of wool-pulling no link has been demon-
strated, and it would appear that any nutritional
need associated with this anomaly relates to an
inadequacy of structured feed rather than to any
specific nutrient factor. Control can also be effected
by releasing animals into outdoor, extensive hus-
bandry conditions for long periods.

Young animals sometimes remove parts of the
coats of their mothers while in close contact with
them, by licking and sucking on parts of the mater-
nal body other than the mammary gland. Young
lambs may begin wool-eating as early as 1 or 2
weeks of age. The lamb sucks, chews and ingests
the wool from parts of its mother’s fleece on such
regions as stomach, udder and tail. The accumula-
tion of ingested wool in the lamb’s stomach (abo-
masum) leads to the formation of compact fibrous
balls (bezoars). Lambs with such wool balls may
suffer severe colic attacks resembling fits. Affected
lambs harbouring bezoars become anaemic,
unthrifty and progressively lose bodily condition.
Affected lambs stand for long periods in a station-
ary posture displaying distended stomachs with

their backs arched. Complete alimentary obstruc-
tion, for example, in the region of the pylorus or
small intestine, can cause death.

Feather-pecking, body-pecking and eating
pecked matter

Feather-pecking is a form of anomalous behaviour
common in poultry. Under conditions of intensive
management it can occur in all ages and many
species, including chicks, adult hens, turkeys,
ducks, quail, partridge and pheasants. The normal
exploration and food investigation behaviour of
such birds involves pecking, so it is not surprising
that in a barren environment they investigate the
feathers of other birds in this way. Hens crowded
together on wire floors have few objects at which
to peck. In these conditions birds peck on the
backs, tail, ventral region and cloaca of associate
birds. Mutual pecking, in which chicks in close
parallel and opposite positions peck at each other,
is common. In other cases, several birds may be
involved so that chains of peckers may form.
Young birds have been observed to show no resist-
ance or other response when their feathers are
pecked, but adult birds try to avoid being pecked.

Feather-pecking is especially prevalent in inten-
sive husbandry systems and is seen more often in
some breeds, such as light hybrids. Environmental
factors considered to initiate this behaviour include
poor ventilation, high temperatures, low humidity,
excessive population density and excess illumina-
tion. Feathers pecked from other birds may some-
times be eaten. Feathers may be picked out from
preferred sites of other birds, such as the tail and
pinions, which are the largest feathers in the body.
In smaller chicks, feathers are pecked mainly from
the back and ventral region of the body.

Birds that feather-peck may subsequently start to
peck and remove blood, skin and flesh from other
birds (Brantas, 1975; Blokhuis and Arkes, 1984).
Body-pecking and consequent cannibalism can
begin when wounds arise when blood-filled new
quills from the wings or tail are pecked and start to
bleed (Sambraus, 1985). The outlet of the uropygial
gland, which protrudes slightly, and the protruded
cloaca after egg-laying elicit body-pecking. The
most severe effects often ensue after the cloaca has
been pecked. Wounds in the cloacal region can rap-
idly become severe, and the intestines can extrude
through a cloacal wound. These are likely to be the
subject of more pecking and, in due course, be
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pulled out and ingested. Mortality is therefore fre-
quent once a wound has been produced.

Feather-pecking does not lead inevitably to
body-pecking, and many more birds show feather-
pecking. Neither feather-pecking nor body-pecking
is preceded by threatening behaviour, and both are
preceded by body orientation and movements that
are typical of investigatory behaviour. The bird
pecked usually has little opportunity to escape, but
the failure of the pecker to respond differentially to
an inanimate object and to another bird that
responds, even by submission, is clearly abnormal.
Pecked birds too are abnormal in their behaviour,
for they cease to show much escape behaviour
when pecked often, presumably because they have
learned that previous escape attempts have proved
fruitless. One bird usually initiates the body-
pecking but other birds are likely to join in, so that
pecked birds may be subjected to a barrage of
pecks. Body-pecking is shown by domestic fowl,
turkeys, pheasants, quail and ducks.

Other parts of the body are also subjected to
pecking. Head-pecking occurs in older birds con-
fined together in cages, while pecking at toes and
back is sometimes widespread amongst younger
birds. In toe-pecking, the active bird pecks at the
toes of associate birds and, on rare occasions, their
own. While toe-pecking may not lead to significant
wounds in the case of young chicks, wounds on the
toes result from this behaviour in adult hens.
Following injury there is bleeding, and portions are
then picked off the wound. The resultant open
wound is liable to infection and further haemor-
rhage. Birds so afflicted show depression behav-
iour, retreating to a corner of the pen, refusing to
eat and losing weight. In the absence of appropriate
husbandry intervention, death may occur. Head-
and tail-pecking are often observed in the young in
overcrowded conditions. Injury and haemorrhage
of the caruncle region of the head is not uncommon
among male turkeys after fighting. Toe-pecking
may occur, especially in deep-litter pens. It is
believed that hybrid strains of birds show this
behaviour more often than others. The causation of
feather-pecking and body-pecking with consequent
cannibalism is described in Chapter 30.

The control of feather- and body-pecking is most
commonly effected by beak-trimming, also called
debeaking. Beak-trimming involves the removal of
the anterior part of the upper mandible. By
removal of this portion of the beak, pecking
becomes inefficient but, as noted in Chapter 30,

this is a painful procedure for birds. Beak-trimming
does not eliminate aggressive pecking entirely, or
prevent the development of the peck order, but
treated birds are less able to pull feathers. Another
method used to control the condition is to limit the
vision of birds. This can be done by darkening
poultry pens and changing the light to a red hue
through the use of infrared lamps or painting win-
dow panes red. The vision of each individual bird
can be restricted by fixing aluminium rings to the
upper beak or applying ‘poly-peepers’, although
the use of such devices is banned in some countries.
None of these procedures can be carried out with-
out some adverse effects on bird welfare, and
changes in the bird’s environment that minimize
the likelihood of this behaviour are preferable in
the long term.

Anal massage

Young pigs rub their noses on other pigs and, while
some of this behaviour is similar to teat-searching
and udder-massage (see later section on belly-nosing),
other behaviour appears to be of a more general
investigatory nature. The anomalous behaviour of
anal massage by snout-rubbing and ingestion of
faeces seen in pigs occurs typically among growing
pigs kept in crowded conditions (see Fig. 25.1). It is
more noticeable where tail-docking at an early age is
used for the control of tail-biting. Within dense
groups, affected animals move from one animal 
to another, nosing the anal regions with upward
massaging motions of the snout.

Although some animals approached in this fashion
avoid the contact, others do not. Anal massage is
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Fig. 25.1. Pig showing anal massage, a form of rooting
behaviour (photograph courtesy of H.H. Sambraus).



carried out with considerable pressure, so that the
snout of the active animal is pushed deeply into the
perineum of the associated animal. Such an animal
frequently responds to such pressure by reflex defae-
cation. When faeces are expelled as a result of this
activity, faecal ingestion may occur. This coprophagia
may be carried out by the snout-rubbing animal
alone or it may be joined in the activity by other pigs
in the group (Sambraus, 1979). Some pigs do not
avoid snout-rubbing by showing any resistance, and
animals that tolerate such attention often acquire
swollen wounds of the anus or adjacent perineal
area. Such afflicted pigs become weak, have difficulty
in standing, lose appetite and physical condition.
Badly afflicted animals may die.

Anomalous snout-rubbing may be reduced by
supplying pigs in pens with objects to occupy them
by chewing and rooting. Both this behaviour and
anal massage are signs that, if the strong motivation
of pigs for rooting and manipulation behaviour can-
not be satisfied, perhaps because the animals are
housed on concrete, welfare is always poor and
abnormal behaviour is a consequence. The control
of anal massage and associated coprophagia can be
attempted by easing crowded conditions and pro-
viding rooting and manipulation opportunities.

Tail-biting

Of all the abnormal behaviours of farm animals,
tail-biting in pigs has attracted most attention due
to the problem it has created in the pig industries.
The behaviour is seen among growing pigs grouped
in pens, but it is sporadic in its occurrence. Tail-
biting was recognized as a problem in pig-rearing
for many years, but was not considered as a serious
matter until the modern pig industry became estab-
lished following World War II (Dougherty, 1976).
The behaviour first appears with a pig taking the
tail of another crossways into its mouth and chew-
ing on it lightly (see Fig. 25.2). The animal receiv-
ing this attention usually tolerates it. In due course,
the tail-biting attention becomes more severe, with
resultant wounds on the tail and haemorrhage. It is
believed that haemorrhage encourages more active
tail-biting, and other pigs in the group begin to
chew on the damaged tail. The injured tail becomes
progressively eaten away to its root. At this point,
tail-biting pigs may begin to bite the afflicted ani-
mal on other parts of the body such as the ears, the
vulva and parts of the limbs. All of this behaviour
is associated with much unrest in the pen-mates.

A pig injured as the result of excessive biting
becomes submissive and then depressed in its
behaviour, reacting only slightly to being bitten.
Wounds may become contaminated with infection,
resulting in abscessation of the hindquarters and
the posterior segment of the spinal column.
Secondary infection may occur in the lungs, kid-
neys, joints and other parts as a result of pyaemia.

Conditions that predispose to tail-biting includ-
ing breed type – e.g. Landrace, dense grouping of
rapidly growing pigs, insufficient trough space,
insufficient drinking facilities and adverse environ-
mental features such as high levels of noise, nox-
ious gas, humidity and temperature. In general, an
impoverished environment with little opportunity
for the satisfaction of some needs – such as the
need to manipulate material with the mouth or to
dig in earth with the nose – increases the risk of
tail-biting. Comparison of systems showed from
two to ten times more tail-biting in barren systems
(Hunter et al., 2001; Moinard et al., 2003).

Oral activity is greater in the pig than in other
farm species, and pigs try to explore items in the
environment with the snout or mouth by rooting
and chewing. It is noticed that under extensive hus-
bandry systems pigs engage in considerable
mouthing activities, including such acts as picking
up and carrying sticks in the mouth and chewing
up material for bedding. Much activity within pig
groups occurs during the morning and when tem-
peratures are high. The cannibalistic behaviour of
tail-biting is independent of a social hierarchy and
it is frequently the smaller animals in a group that
develop the habit (van Putten, 1978).
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Fig. 25.2. Pig showing tail-biting (photograph courtesy
of H.H. Sambraus).



In the control of tail-biting, amputation of the
distal half of the tail (tail-docking) has become a
widespread practice. It has been found that it is not
necessary to remove the entire tail to prevent the
anomaly developing, but that the docked tail is suf-
ficiently sensitive that pigs react effectively when a
tail-biting attempt is made on them. When the tail
is cut, a neuroma may form (Simonsen et al., 1991;
Done et al., 2003). Neuromas usually result in fre-
quent pain, apparently emanating from the severed
or damaged appendage or other tissue, and
increased sensitivity in the area in which the neu-
roma is situated. Hence, it is likely that pigs with
docked tails have frequent pain and that they
respond rapidly to tail-biting attempts because of
enhanced pain when the tail stub is manipulated.

Attempts to control tail-biting by removal of
tail-biters from a group or changes in atmospheric
factors have little effect on tail-biting. Reduction in
stocking density can reduce tail-biting, but a com-
bination of lower stocking density and provision
for needs to root and manipulate materials such as
straw are necessary to obviate tail-biting. Animals
having the opportunity to root in earth seldom
show tail-biting, so the provision of earth may help
to reduce the incidence of this and other abnormal
behaviours in pigs.

Animals Treated as Sexual Partners

Many farm animals are kept in single-sex groups
and seldom or never encounter a member of the
opposite sex. The same is true for some dogs and
cats. Hence, it is likely that sexual behaviour will
often be directed to individuals of the same sex.
Such behaviour may be considered abnormal in
that it cannot result in offspring production, but
the normal development of sexual behaviour often
involves parts of adult sexual behaviour being
directed towards various individuals of either sex.
Therefore, some homosexual acts or sexual behav-
iour towards other species are to be expected
among young animals, and may also have a func-
tion when shown by older animals.

Homosexual interactions are very frequent
among groups of cows. Cows and heifers in oestrus
are mounted by other cows, and this behaviour is
used as a sign of oestrus by stockmen (see Chapter
17). Occasionally, such mounting can lead to injury
but, partly because of its use to the stockman, it is
not usually considered to be a problem. Hall
(1989) found that female–female mounting was

not shown by Chillingham wild cattle in the UK
except by animals found to be partially masculin-
ized. Hence, this behaviour must be considered to
be abnormal, especially the high frequencies of
mounting seen in the absence of a bull.

Sexual mounting of males by other males occurs
frequently when young or mature male animals are
held together in monosexual groups (Stephens,
1974). When this is a continuing arrangement as,
for example, in the husbandry of large numbers of
young bulls or rams being raised for breeding, it is
found that the sexual orientation of these animals
is frequently directed to their own kind. When
exposed subsequently to female stock in conven-
tional breeding arrangements, some of these ani-
mals are incapable of altering their sexual
orientation. Homosexual rearing may lead to
impotence in stud animals, which will persist for a
variable period in rams, bulls, boars and male
goats, although it is not usually permanent (Price
and Smith, 1984).

In beef cattle production, it has been known for
many years that some bullocks, or steers, will stand
to be mounted by other steers under conventional
pasturage conditions. In extensive grazing the con-
dition does not represent a serious problem, and
these animals, or ‘bullers’, do not suffer from
excessive mounting. Under commercial feedlot
conditions the incidence of bulling increases
greatly, and the result is poor welfare in excessively
mounted animals, reduced growth rates, increased
frequency of injury and serious economic losses. It
is recognized that these bullers characteristically
stand to be mounted, but will also engage in
mounting other bullers. In addition, some steers,
despite the fact that they are castrated, are active
‘riders’ on bullers. In cattle feedlots some riders
repeatedly mount a few specific bullers. This may
continue until the riders lose weight and the bullers
become exhausted, injured or collapse. Death may
also occur following injury to bullers. It has been
estimated that the economic loss in feedlot systems
in North America due to bulling is second in
importance only to respiratory disease.

Although the buller syndrome can occur in feed-
lots where synthetic hormones are not used, the
incidence of the condition rises in such feedlots 
following hormonal administration, such as 
injection with progesterone and ooestradiol or oral
administration of DES (stilboestrol) (Schake et al.,
1979). A common denominator in the buller steer
syndrome is that both bullers and riders are 
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castrated with a growth-promoting female sex hor-
mone compound. Physiologically, buller steers have
been found to have more creatinine, 17-hydroxy-
corticosterone and oestrogen in their urine and
blood than normal steers.

Other factors contribute to the aetiology of the
syndrome and, increasingly, it has been recognized
that a further common denominator in affected
groups is a high population of animals within a
group. Both crowding and total population size
within a feedlot appear to be important. It would
appear that crowding stress, together with a mix-
ture of other husbandry factors such as hormone
administration, vaccination and dipping, constitute
the causal circumstances. Repeated introduction of
new steers into feedlots increases the buller inci-
dence. The vast majority of steers in cattle pens,
however, avoid potentially harmful social interac-
tions in a manner typical of normal bovine social
behaviour.

More aggression occurs when the amount of
space for a given quantity of animals, in number or
bulk, decreases. In other words, as animal volume
per unit of group space increases, so the quality of
social exchange declines. There is no doubt that the
buller steer syndrome is a welfare problem as well
as an economic one. The behaviour is part aggres-
sive and part sexual. Control of this condition
really requires reduction of population pressure
and withdrawal of artificial hormonal stimulation.
Animals housed indoors are sometimes deterred
from mounting by bars placed over the pen that
physically prevent mounting or by electric wires
over the pen. Both of these measures fail to deal
with the root of the problem, and the electric wires
may lead to severe effects on some individuals.

Animals Treated as Mother

Young mammals that have been separated from
their mother at an earlier time than the normal
weaning age often show teat-seeking and -sucking
behaviour that is directed towards inanimate
objects (see Chapter 24) or pen-mates. Sometimes
this behaviour, which is called belly-nosing and
intersucking in piglets and calves, persists into
adulthood.

Belly-nosing

Belly-nosing is a behaviour shown by piglets. It is
an up-and-down movement of the snout and the

top of the nose on the belly of other pigs, on the
soft tissue between their hind legs and between
their forelegs. This behaviour was described by van
Putten and Dammers (1976) and Schmidt (1982),
and it is similar in form to the massaging move-
ments directed by piglets towards the udder of the
sow. Belly-nosing is not shown before weaning, but
is shown by piglets that have been weaned much
earlier than the normal weaning age (Fraser,
1978b).

Since many piglets are weaned at 3–5 weeks of
age, which is 2–3 months before weaning would
occur in the absence of human influence, the behav-
iour is very widespread. Some piglets kept in flat-
deck cages are pursued and belly-nosed for long
periods and their nipples, umbilicus, penis or scro-
tum may become inflamed. In some cases, male
piglets urinate when belly-nosed and the belly-
noser ingests the urine. High levels of belly-nosing
were negatively correlated with weight gain in the
study by Fraser (1978b). Later weaning is associ-
ated with less belly-nosing. The incidence of the
behaviour is also reduced by the provision of straw,
which the piglets can manipulate (Schouten, 1986).
In the study by Schouten, belly-nosing was seen
most frequently during the transition from an
active to a resting phase. Piglets in a bare crate
spent several minutes in this transition and often
showed belly-nosing at this time. Those provided
with straw usually lay down simultaneously and
started chewing straw. As a consequence, the
duration of belly-nosing was significantly greater in
the piglets without straw.

Intersucking by calves

Calves separated from their mothers suck and lick
at their own bodies, at objects in their pens (see
Chapter 24) and at parts of the bodies of other
calves. They commonly suck on the navel, prepuce,
scrotum, udder and ears of other animals. Sucking
the scrotum is very common among calves. The
testes are pushed up by the nose of the sucking calf,
which then sucks on the empty scrotal sac. The
posture and position of the sucking animals is that
of the naturally suckling calf and includes the push-
ing movements the calf normally directs at the
cow’s udder. The calves that are sucked usually
show a passive response. Such calves may suck
others in their turn, so several animals may be
involved. If the coat of the other calf is sucked sig-
nificant quantities of hair may be ingested, leading
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to formation of hairballs (see Chapter 24). If the
penis is sucked, urine is often produced and may be
drunk by the sucking calf. This can lead to liver dis-
orders and to reduced nutrient intake. Another
adverse consequence of intersucking is that the part
of the calf sucked may become inflamed, damaged
and infected (Kiley-Worthington, 1977).

Experimental studies have shown that injurious
intersucking is more common in bucket-fed calves
than in those fed from the mother or an artificial
teat (Czako, 1967). The presence of the teat 
is important, but the time taken to feed is also a
factor. Calves suckling their mothers spend
60 min/day doing so, but bucket-fed calves spend
about 6 min/day drinking. Therefore, in the control
of this anomaly, the best results are obtained by
providing feeding conditions that resemble those of
normal ingestive behaviour in young animals.

It is found that feeding calves with milk through
automatic nursers with teats, whose aperture is
such that the sucking time of each feed period is
sufficiently prolonged, will reduce the likelihood
that other objects or calves will be sucked. Sucking
periods lasting approximately 30 min appear to
eliminate intersucking. Another remedy is tying up
calves for 1 h following bucket-feeding, for this
allows time for the desire to suck to diminish some-
what in order that intersucking is not shown so
often after that time period. The supply of supple-
mental roughage, such as 150 g of straw, can 
also result in a reduction in intersucking. Urine-
drinking can be reduced by the plentiful supply of
water from a normal drinker for the calves. Mees
and Metz (personal communication) provided
calves with water trickling down a wall or pipe,
and the animals licked that water rather than
showing urine-drinking.

Inter-sucking or milk-sucking by adult animals

This behaviour involves a cow or bull sucking milk
from the udder of a cow. Among adult milking cat-
tle, sucking the udders of other members of the
dairy herd is seen periodically. Such intersucking by
adult cattle involves the withdrawal of milk from a
lactating animal, and is a behavioural abnormality
of occasional occurrence under a variety of circum-
stances of husbandry. Among ‘suckler’ herds of
cows with nursing calves, ‘sneak sucking’ may
occur by alien calves or by an adult animal such as
a bull. On rare occasions, milking cows are discov-
ered with the habit of sucking milk from their own

udders. Cattle that suck milk from herd-mates may
choose the same lactating animal, and this leads to
a paired arrangement.

The loss of milk from intersucking can become
significant, and frequent sucking by an adult can
lead to teat damage, pathological changes and
deformation of the udder. Within some very large
dairy herds this behavioural anomaly can represent
a serious problem, with as many as 10% of lactat-
ing cattle becoming involved in affected dairy
herds. The anomaly is worsened by the influence of
social facilitation and by the large numbers in mod-
ern herds.

In contrast with the condition in the young calf,
intersucking behaviour in the adult animal is more
common in open husbandry systems. Wood et al.
(1967) report that those calves showing intersuck-
ing may go on to intersuck milk as adults, and
other authors have suggested that various forms of
experience with or without teats in calfhood may
increase or decrease intersucking as an adult. The
behaviour is sufficiently unpredictable, however,
as to render it a difficult subject for experimenta-
tion. Waterhouse (1978, 1979) reared calves indi-
vidually with a non-nutritive teat on the wall of
the pen for 3 months, but neither those calves nor
any without such a teat showed intersucking as
adults.

Attempts to control anomalous milk-sucking in
the past have taken the form of applying devices
carrying pointed prongs to the face and nose region
of the sucking animal. The attempt is to ensure that
the animal seeking to suck will cause an avoidance
reaction in any animal approached. Unfortunately,
some of these devices can hinder the affected ani-
mal’s natural feeding. Furthermore, if the affected
animal is persistent, it can inflict wounds on other
animals. An electrical device secured to the fore-
head and giving an electrical shock to the wearer
when the circuit is closed by head pressure is
reported to give good results. Since the shock is
received by the sucking animal, the method is more
appropriate than methods in which the aversive
stimulation is directed at the receiving animal.

Animals Treated as Rivals

Some aggressive behaviour shown towards mem-
bers of the same or other species is normal. It serves
a function in defence of the individual, defence of
the young or establishment of ownership or social
position. Problems arise in farm animal husbandry
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where a situation that is conducive to aggressive
behaviour is created and the aggression is particu-
larly severe in its effects or too frequent. Aggressive
behaviour, which leads to welfare problems, is dis-
cussed in Chapters 28 to 36. Some of this behav-
iour would be considered to be abnormal because
of its intensity or frequency. Threats or attacks
directed towards man are a cause for concern, but
many of these are not abnormal behaviour. A cow
with a calf or a bull that attacks a stockman is not
behaving abnormally. The process of domestication
has not led to the elimination of all defensive or
competitive behaviour directed towards man,
although it has reduced it considerably. Certain
forms of husbandry make such behaviour much
more likely to occur than do others.

Threat and attack directed towards humans by
dogs are a matter of widespread concern. Whether
or not the dog is a pet deliberately trained to attack
people or a guard dog, police dog, army dog or pet
in which such behaviour has been encouraged, each
person needs to be able to recognize the prelude to
an attack (see Fig. 25.3). This will be different
according to the situation and training of the dog.
Most of these attacks are defensive responses. A
dog defending territory, a resource such as food, or
another individual – whether this is a dependent
dog on a human – will usually show a threat 
display before attacking. This will often consist of
standing erect, raising the hair round the neck, 

raising the ears, pulling back the cheek area to
expose the teeth and growling.

If this threat display successfully repels the
intruder or challenger, there may be no attack. An
attack may involve preliminary movements
towards the human subject with continued growl-
ing and other display. However, the attack may
occur suddenly. If the human is approaching the
dog, for example to take food or something else
from the dog, the attack may occur only when the
human is at close range. A dog trained to attack, or
for any other reason tending to treat the human
subject as prey, will not threaten at all, but will run
at the human and attempt to bite. If the sole moti-
vation is predatory – for example, in the case of
dogs attacking a small child – the face and neck
will often be bitten. Most dogs, even those that will
attack humans, have received training that discour-
ages them from biting in the most vulnerable areas,
so an arm or leg is usually bitten.

Cats attack humans in ways that cause less
severe injuries, but attacks or defensive responses
are not uncommon. The threat shown has similari-
ties to that of dogs in that raising of fur, exposure
of teeth and vocalizations are often involved. The
sound is higher pitched than a dog growl, but
serves the purpose of threatening and hence reduc-
ing the likelihood of continued approach or other
adverse action by the human subject. The cat is
more likely to use its claws than to bite but, in
more extreme circumstances, may do both.

The threat display of a bull is a sequence of
actions that all of those who might encounter a bull
should know:

● The animal turns towards the source of stimulus,
with the long axis of the body acutely angled.

● The animal’s head and neck are slightly
deviated, more obliquely from this line. In this
position, the animal presents the lateral aspects
of the head, neck and shoulder closer to the
stimulus than the hind parts, which are turned
away slightly.

● The line of the back, from the withers to the
tailhead, drops as a result of the hind legs being
drawn slightly forward below the abdomen.

● There is fixation and protrusion of the orbit.
● Hair on the dorsal aspect of the neck is erected.
● Muscular rigidity is demonstrated by the

tenseness of the posture.
● Deep, monotonal vocalizations or snorts may

accompany the display.
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Fig. 25.3. This dog is attempting to initiate aggression
towards another individual (drawing courtesy of 
A.F. Fraser).



The horned ungulates defend or attack by striking
aggressively with the head. In polled animals the
blow delivered is in the form of a knock, while in
the horned animals the effect may be one of goring,
i.e. horning. Some individuals may show heading
behaviour. These animals use their heads in threat
displays where the head is worked into the ground
and the earth is loosened. Butting by bulls and male
goats is a very well-known behaviour problem. It
would appear that the habit occurs most often in
animals confined by themselves and that have pre-
viously experienced some degree of socialization
through close human contact. In some instances the
behaviour is directed at physical structures such as
doors or gates.

In a horse threatening a human there is muscular
tension, extending the head, laying back the ears
and exophthalmos, which causes the sclera of the
eyeball to become visible. This latter feature has
been termed by horsemen as ‘showing the white of
the eye’. In other animals such as boars, tenseness
of posture through muscular rigidity is a prominent
feature of threatening.

One version of a single hind limb kick is the
‘cow kick’, so named because it is the common nat-
ural method of kicking in cattle. In the cow kick,
one hind limb is briefly projected forward, outward
and backward. Another hind limb kick involves the
extended projection of the limb forward, sideways
and backward at full stretch. Such kicks often are
delivered with precise aim.

Biting is exhibited occasionally by horses.
Stallions are particularly prone to this, but young
horses and chronically enclosed horses may also
exhibit the behaviour (Houpt, 1981). The biting is
usually in the form of snapping and nipping with
the incisor teeth on the body of any person coming
within reach or approaching the animal. This bit-
ing behaviour is aggressively directed in some
instances to other horses. The typical biter exhibits
the behaviour with the warning signals of ears laid
flat, lips retracted, teeth bared and tail often
switching. Biting attempts are usually very sudden.

Rearing and striking with the forefeet is a dan-
gerous habit of some horses, more commonly seen
in stallions and in light horses than in others.
Striking out with one forelimb may be done with-
out rearing. Animals having this tendency or dispo-
sition in their behaviour may exhibit it when first
approached or may show it after they have been
held by the head in restraint for a period.

In kicking with the hind feet together, the feet
can be used to strike out explosively to reach
another animal or person within 1.5–2.0 m. Such
extended hind limb kicking is a feature of mule
behaviour, and this type of kick is sometimes
termed a ‘mule kick’. This is a natural method of
self-defence among horses and becomes anomalous
when it is practised habitually and aggressively.
The head is lowered, the body is lifted behind the
withers and both hind limbs are vigorously
extended backwards. Kicking with one hind foot is
again a natural defensive action in ungulates when
the individual space of the animal, in the region of
its posterior pole, is invaded. It is usually delivered
sharply in one downwards or backwards direction,
without full extension of the limb.

The control of all of these aggressive actions is
complex. In some cases, avoidance of the specific
eliciting circumstances is the answer. In others
training procedures are necessary, and many books
have been written about this. For most animals
early experience is of importance, and housing con-
ditions can have a considerable effect. Dogs trained
or allowed to attack humans are potentially dan-
gerous, as are bulls and stallions that have been
confined for a long period. Long-term isolation of
dairy bulls during rearing and during adulthood
often results in animals being dangerous to man
and to other cattle, whereas bulls kept in groups
are much less aggressive.
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26 Abnormal Behaviour 4: 
Failure of Function

The conditions imposed on domestic animals lead
to some abnormalities of sexual behaviour,
parental behaviour and basic body movements,
which are inadequacies of function rather than
stereotypies or active misdirection of behaviour.
Individual variation within a species also accounts
for some anomalous behaviour. In this chapter
such abnormalities are described, factors affecting
their occurrence are discussed and possible control
measures are considered.

Inadequacies of Sexual Functioning

Failure to reproduce or delay in reproduction is an
important economic problem and such failure
often involves behavioural inadequacy. It is an
occasional problem in dogs and cats and a major
problem in several farm animal species. Such
abnormalities in behaviour can be most conve-
niently dealt with according to the phase of the
reproductive cycle that is affected. Oestrus and
libido are, of course, the important prerequisites
for reproduction and it is in these areas that some
of the principal anomalies of reproductive behav-
iour occur.

Silent heat

Silent heat, which has been discussed in Chapter
19, is a term that emphasizes the fact that normal
oestrus is principally a behavioural phenomenon.
Among dairy cattle an overall incidence of
20–30% has been recorded by various observers in
a variety of countries, and occurs more among
high-producing cows. The incidence in cattle is
highest among heifers low in position in the social
hierarchy of the herd. Silent heat is not uncommon
in mares, ewes and sows.

The anomaly relates to absent or weak manifes-
tation of overt behavioural oestrus in animals that
have all the other, physical, characteristics of the
phenomenon, including uterine turgidity and con-

gestion, with follicular ripening leading to ovu-
lation. The physical characteristics in this condi-
tion are so complete that these animals are capable
of being fertilized if bred artificially. Mares with
this condition, for example, are found to have a
normal level of fertility if forcefully bred. Similarly
in cattle, if the condition can be satisfactorily iden-
tified, artificial insemination at an appropriate time
can be associated with normal levels of fertility.

Control of this condition must relate to
improved management of breeding animals to min-
imize the amount of metabolic and social stress
(see Chapter 28).

Male impotence

During the breeding of farm animals under condi-
tions where male and female are together for a
short period only, it is sometimes found that the
male animal does not respond to the breeding
female. Among cattle there sometimes occurs a
condition of ‘somnolent impotence’ in bulls having
an abnormally protracted reaction time at breed-
ing. In this condition the bull lays its chin on the
hindquarters of the cow and directs little attention
to the latter. The animal maintains an inactive
stance with which there is an appearance of som-
nolence, created by the eyes being partially or peri-
odically closed much of the time. This condition
has been recognized as a breeding problem of con-
siderable significance. It appears to occur more in
beef breeds than in others and, to date, has been
most often recognized in the Hereford and
Aberdeen Angus breeds. In these breeds the condi-
tion is refractory to treatment and, in such circum-
stances, becomes a state of behavioural sterility
that usually leads to the animal being culled.

Coital disorientation

During the controlled breeding of the larger farm
animals, it is standard practice to have the female



secured and the male led to her on a lead rope. This
action initiates reaction time, which is the time
lapsing between initial contact and mounting.
Immediately following contact it is normal for the
male animal to align himself in the same long axis
as the female. This active alignment is normally
carried out positively and briskly. Once assumed,
alignment is generally fully maintained up to the
time of mounting. In a number of cases male ani-
mals show positional disorientation such that the
animal’s long axis is markedly deviated from the
female axis. Such deviation is maintained through-
out the reaction time which, under these circum-
stances, is normally so protracted that mating fails
to occur. In the truly anomalous condition the ani-
mal is inactive and is found to be behaviourally
impotent in most cases. Each subject, when deviat-
ing, does so constantly to a given side, some always
to the left and others always to the right. This form
of deviated posture is maintained for lengthy spells
within the reaction time, or throughout it, in con-
trast to any accidentally created misalignment
which, in other circumstances, is quite quickly
corrected.

Intromission impotence

Another form of male impotence involves intromis-
sion failure. In this condition, which has been
observed in bulls and rams, the subject can mount
but fails to achieve intromission in spite of active
pelvic thrusting movements. The bull mounts
readily but only partially covers the cow. The bull’s
hind feet are not brought forward close to the hind
feet of the cow. As a result, close genital apposition
does not occur and the bull thrusts in vain for a
time before dismounting. Such episodes can be
repeated many times without effect. The condition
exists in several dairy breeds of cattle and in the
Suffolk breed of sheep. In the case of bulls, the con-
dition can be found in animals that have previously
had a satisfactory history of normal copulatory
function.

In the case of rams, the condition has been
encountered in young animals within certain
breedlines. The anomaly may not be of permanent
duration. It frequently persists for 6–12 months,
but often becomes resolved spontaneously.

Some aspect of previous experience is often the
cause of inadequate sexual behaviour in male
domestic animals. A lack of interest in receptive
female animals may occur because sexual behav-

iour is directed towards males. Control normally
necessitates a change in management practice.
Some rams are slow to attain puberty and are
reproductively inactive when others of the same
age are active, but no hormonal deficiency is
detectable. General social deprivation, or specific
deprivation of contact with and odours of females,
could reduce the ability of rams to respond to the
smell of oestrous ewes (Zenchak and Anderson,
1980) or their behaviour.

Silver and Price (1986) showed that orientation
for mounting by beef bulls is more frequently cor-
rect after juvenile mounting experience. However,
Orgeur and Signoret (1984) showed that rams iso-
lated in early life still showed normal copulatory
behaviour provided that they had had contact with
females during adolescence. Boars reared in isola-
tion with solid-walled pens reacted inadequately in
mating tests, but contact with other boars through
wire mesh during rearing improved later mating
behaviour markedly (Hemsworth et al., 1978a;
Hemsworth and Beilharz, 1979). Remedies for
male sexual inadequacy involve avoidance of pro-
longed isolation rearing and giving animals com-
plete or partial contact with both sexes during
development.

Inadequacies of parental behaviour

Parental behaviour in domestic animal species is
largely maternal, in practical terms, for the only
behaviour of males that benefits the young is
defending the group against attack, and such
behaviour is relevant in only a very limited range
of farming situations. Inadequacies or abnormali-
ties of maternal behaviour are often of very great
importance to the welfare of the young and the
economics of farming enterprises. Dogs and cats
seldom have inadequacies of parental behaviour.
Selection of farm animals for breeding, however,
has been based on the production characteristics
of the progeny, on milk output, on reproductive
output and on absence of handling problems. A
characteristic that has been largely neglected is
quality of maternal behaviour. As a consequence,
there are breeds of farm animals, like Merino
sheep, in which the mothers often neglect or desert
their young. High mortality in young calves and
piglets is partly a consequence of inadequate
maternal behaviour. Some of this inadequacy is 
a consequence of the housing system, but there 
are genetic differences between good and bad
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mothers. Genes resulting in poor maternal behav-
iour would have a very low incidence in wild
populations.

Neonatal rejection

Various forms of neonatal rejection can occur on
the first day post-partum. Notable among these
cases are active desertion or persistence of aggres-
sive reactions by the mother towards the newborn.
Together with maternal failure, neonatal rejection
is the principal form of abnormal maternal behav-
iour among farm species. In the sow this condition
can take the form of cannibalism, to be discussed
later. While most cases of neonatal rejection occur
spontaneously, some are due to short-term separa-
tion from the newborn animal early in the post-
partum period. Immediate separation of kids or
lambs or other farm species from their mothers at
parturition, for periods as short as 1 h, can lead to
a rejection of the young by the mothers.

Desertion of lambs by ewes, involving the ewe
walking away from the lambs, is more frequent in
many of the fine-wooled breeds (< 22%) than in
other breeds. When fine-wooled Merinos have
twins they may move off after giving birth to the
second lamb, and are followed by only the first-
born, so that the second lamb dies unless found by
a shepherd (Stevens et al., 1982). Ewes of British
breeds do not move off unless both lambs follow
them. Nutritional factors are also likely to be
important and it might be considered adaptive,
rather than abnormal, for a ewe on a low-protein
diet to desert her offspring if she would not be able
to feed it (Arnold, 1985).

In a number of cases the reaction of the mother
to the newborn is very aggressive, and includes
attacks on the latter in the form of butting, strik-
ing, driving away or biting. Since the newborn ani-
mal will persist in orientating itself towards the
maternal figure, the repeated approach of the
young animal to the aggressive mother worsens the
condition and makes the affected maternal subject
hyper-reactive. Neonatal rejection occurs more fre-
quently in mothers with their first young than with
experienced mothers, indicating that maternal
inexperience may be a predisposing factor to this
anomalous behaviour. Aggressive responses
towards offspring are shown by some mothers.

Broom and Leaver (1977) and Broom (1982)
found that isolation-reared heifers turned away
from their calves more than did group-reared

heifers after the initial licking period, and drew
parallels with the inadequacies in social responsive-
ness to peers shown by the isolation-reared heifers.
The finding that reduced early social experience
can lead to rejection of young has been reported for
monkeys (Harlow and Harlow, 1965; Chamove et
al., 1973). Surveys of foal rejection by mares
emphasize the importance of previous experience
with young, in that most problems occurred with
primiparous mares (Houpt, 1984). Disturbance at
the time of foaling, either by stallions or by
humans, seemed to be a contributory factor.

Maternal failure

Some animals that do not actively desert or aggres-
sively reject their young fail to show adequate
maternal responses to them. The failure to supply
maternal attention towards the newborn is fre-
quently first shown in a delay or a failure to groom
and clean it immediately following its birth. When
such failure occurs, the neonate is left in a wet con-
dition and the mother fails to acquire the olfactory
and gustatory stimulation from the neonate that
should initiate bonding and assist in identification
of her progeny. The next feature that is deficient in
the behaviour in this syndrome is the reluctance by
the maternal animal to accommodate the suckling
attempts by the neonate. As the newborn com-
mences teat-seeking behaviour, the mother shows
persistent, negative reactions, moving the udder
away from the neonate. Such turning has the effect
of keeping the young animal in front of the
mother’s head and prevents it from suckling.
Another inadequacy involves movement whenever
the young tries to grasp the teat.

Such behaviour, like desertion and aggression to
young, is most frequently shown by primiparous
mothers and is often only temporary. Such young
mothers are often very attentive to their young, but
older mothers may sometimes not restrict the
movements of the young adequately or not return
to them often enough, so that the young are more
likely to become associated with mothers that are
not their own (see next section). Careful stockman-
ship is necessary in order that problems of maternal
failure can be detected and remedied.

Stealing of young

Pre-parturient ewes, cows and mares often
approach, sniff and remain close to the newly born
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young of other members of their group. This is not
abnormal behaviour, but it can lead to problems if
the mother of the young animal approached does
not retain close contact with it because of weak-
ness, maternal failure or social subordination. An
alien female can dispossess the mother in these
circumstances, and this is sometimes facilitated by
movement of the young animal away from the
mother to other adults nearby. Young ungulates
commonly attempt to suckle from alien adults, but
these attempts are usually rejected. The intense
interest shown by many ewes in alien lambs (Welch
and Kilgour, 1970) and cows in alien calves
(Edwards, 1983) can be followed by acceptance of
suckling attempts and the young being stolen from
its mother. Edwards (1983) found that 33% of
calves born in group housing suckled from an alien
female during the first 6 h of life and older cows
were more likely to steal calves.

The resulting problems are common in cattle,
horses and sheep, wherever large numbers of preg-
nant females are enclosed together. For example,
lamb-stealing leads to confusion over lamb owner-
ship. Sometimes, newborn lambs with disputed
ownership find themselves with foster mothers not
yet in lactation. At other times the disputed or
stolen lamb fails to acquire its due share of
colostrum. Even when a newborn lamb is adopted
through lamb-stealing, the foster mother may later
reject her own lamb when it is born or may have no
colostrum left for it (Edwards, 1982, 1983). In
these various circumstances lamb deaths frequently
occur. Some lamb-stealing is done by ewes that
have lost their own lambs in stillbirth. While the
stealing may not be entirely detrimental to the
stolen lamb, it may affect the maternal behaviour
of the deprived ewe if this is her first lambing; in
the following season, such a ewe will be inexperi-
enced and more likely to show anomalous behav-
iour at lambing.

The control of these problems can be effected by
separating the cow, mare or ewe from the group
before or very soon after parturition. Animals giv-
ing birth indoors can be put in separate calving
boxes, preferably in sight of other animals, shortly
before giving birth; the separation can be achieved
by erecting a hurdle pen around the mother.

Killing of young and maternal cannibalism

Violent behaviour is sometimes shown by parturient
domestic animals, as it is by many wild animals. 

The original function of such behaviour may have
been to defend the offspring, or to sacrifice one
group of young in order to maximize long-term
breeding success. The control of such puerperal
aggression against people or offspring involves
prompt restraint and the provision of antipsychotic
therapy, such as chlorpromazine. Alternatively, given
appropriate therapy with a neuroleptic agent such as
azaperone, most cases are found to be normal in
behaviour when they recover consciousness.

Maternal chewing of their own newborn is seen
in pigs and sheep. The most dramatic form of
maternal cannibalism occurs in the sow and
involves the biting, killing and eating of newborn
piglets by sows. Within the general anomaly, three
subtypes of behaviour, varying in degree of expres-
sion, can be recognized in affected sows (Sambraus,
1985).

1. In the simplest form of the condition, the sow is
hyper-reactive following the birth of the piglets and
responds with agitation to their activities, including
their vocalizations. Piglets become crushed by the
sow’s agitated movements. The accidentally killed
piglets may be eaten or partially eaten.
2. The second syndrome of cannibalism resembles
the anomaly of neonatal rejection occurring in
other species. In this the sow shows persistent
active avoidance of her piglets. Avoidance leads to
aggression directed towards piglets approaching
the sow closely. Such piglets are then likely to be
bitten and killed. Dead piglets may be eaten or
partially eaten.
3. The third cannibalistic syndrome in the sow
resembles the general condition of puerperal
aggression occurring in other species. The sow is
hyperactive following parturition and shows
aggression towards humans or piglets coming
within her range. The affected sow snaps
aggressively at any intruding piglet. This aggressive
biting usually leads to the death of the whole litter.
As with the other two allied syndromes of
cannibalism, piglets killed by biting may be eaten,
partially eaten or left.

All these forms of cannibalism in the sow are
associated with hyperexcitability and are limited,
chiefly, to sows with their first litters, although it
can first appear in experienced breeding sows.
Although the anomalous behaviour is usually
shown soon after the birth of the piglets, the sow
may accept the piglets normally at first and exhibit
cannibalism 1 day later. More usually, the condi-
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tion develops immediately following the parturient
process. Once cannibalism has started, the anom-
alous behaviour is likely to continue until the litter
is lost entirely. On rare occasions, a single piglet
will be killed and eaten with the remainder of the
litter untouched. Although some killed piglets may
be left uneaten, the consumption of piglets by
sows, under any circumstances, must be consid-
ered as cannibalism since the normal behaviour of
sows encountering dead piglets is to leave them
uneaten.

Certain husbandry conditions are found to be
associated with maternal cannibalism in the sow.
For example, if a sow is placed in a novel environ-
ment at the time of parturition it appears that can-
nibalism is more likely to occur. This implies
environmental maladjustment as a factor. In this
regard it has also been widely observed that the
supply of straw to pre-partum sows, which allows
them to engage in nest-building, seems to lessen the
likelihood of cannibalism.

One form of maternal cannibalism occurs where
ewes lamb in crowded indoor conditions and takes
the form of persistent nibbling of the lamb’s
appendages. Such ewes may eat off the tails and
feet of their newborn lambs. While this may not
lead to the death of the lamb, those with severely
damaged feet require to be destroyed. In addition
to serious hoof injury, tails that have been chewed
down to the stump can become seriously infected,
with resultant inflammation of tissues in that
region.

Control of this condition can be effected simply
by adequate provision of outdoor space. Parturient
ewes indoors require quarters in which a lambing
pen is incorporated. Since this condition, like all
others affecting some aspects of abnormal appetite,
creates grounds for suspicion about nutritional fac-
tors, it is important to provide well-balanced
rations to lambing ewes for this and other reasons
of peri-natal health.

Abnormalities of Basic Movements

Some types of animal housing prevent certain move-
ments from occurring or make normal sequences of
movement difficult to carry out. Movements that are
prevented include wing-flapping and flying by hens in
battery cages, walking by calves in crates, sows in
stalls or tethered animals and running by many

housed farm animals. Abnormalities in grooming by
calves in crates or confined sows, which cannot reach
the back of the body, have been described in Chapter
24. Hens in battery cages have insufficient room for
normal preening with associated stretching (see
Chapter 30).

Abnormal lying and standing

Hooved animals kept on slippery slatted floors
have especial difficulty in lying down and standing
up again. Such problems are described in detail for
cattle (Andreae and Smidt, 1982). Cattle normally
lie after a brief period of sniffing the ground, then
lowering the forequarters (see Fig. 26.1). The
sequence of movements shown by fattening bulls
on slatted floors is shown in Fig. 10.4. The period

Fig. 26.1. Young cattle on slippery slatted floors show
alterations in behaviour that inhibit, delay or prolong
lying. For comparison with normal lying, see Fig. 10.2
(from Andreae and Smidt 1982).
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of ground-sniffing before lying is prolonged, pre-
sumably, because the animal is apprehensive about
the slipperiness of the floor.

There are also many interruptions in the
sequence of movements once the body starts to be
lowered. The ground-sniffing intention movements
occurred at a mean of seven or eight times before
lying was completed when bulls were put on to
slatted floors and 40% of the lying sequences were
interrupted. On deep straw, intention movements
were followed directly by lying on most occasions,
and < 5% of lying sequences were interrupted.
Young bulls did adapt to slippery floors to some
extent, but many of them did so by lying down
hindquarters first (Fig. 26.2).

This very unusual way of lying may be less haz-
ardous for the animals in these difficult circum-
stances. The lying behaviour of sows in stalls and
in farrowing crates is different from that of sows in
a larger area, because lateral movements are not
possible. The sow normally moves her body to the
side in the course of lowering her body to the
ground but, if bars prevent this from happening,
she is forced to drop down from a greater height.
Such movements are more likely to result in sow
injuries and much more likely to lead to piglets
being squashed by the sow. Another factor con-
tributing to this abnormal lying behaviour is weak-
ness of leg and other muscles consequent upon lack
of exercise (Marchant and Broom, 1996). Sows
that have been in stalls or tethers for a long time
may be unable to lie down slowly and carefully
because of their inactivity during the non-farrow-
ing period. Other abnormalities of lying behaviour
are a consequence of lameness or other localized
body pain.

Among breeding sows restrained for most of
their pregnancy in narrow single stalls devoid of
bedding, the condition of dog-sitting is observed.
This anomalous behaviour is, however, not
restricted to stalls, since it can be observed in
mature pigs kept in high-density groups within
pens, again in the absence of bedding. The animal
gives the overall appearance of somnolence, and
the term ‘mourning’ has been applied to this behav-
iour. This can lead to cystitis and nephritis and, in
due course, these inflammatory conditions can
result in wider systemic infection leading to abor-
tion in some cases and, in other cases, to sudden
death associated with pyaemia.

One form of dog-sitting is sometimes observed
in veal calves permanently confined in narrow
crates. Here, it is observed that the behaviour 
of such a calf has been influenced negatively by 
its husbandry circumstances. Again, occasional
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Fig. 26.2. In the same situation as that in Fig. 26.1,
some young cattle lie down rump first, presumably to
minimize painful events when trying to lie on the
slippery floor (see also Fig. 10.2) (from Andreae and
Smidt, 1982).



adoption of a dog-sitting posture can be seen in
heavy livestock such as bulls, but this may not be
abnormal.

The control of anomalous dog-sitting requires
changes in housing systems. Dog-sitting is one of
several indicators of poor welfare that call for
husbandry alteration. The control of abnormal
lying and standing involves removal of the causes.
Slippery slatted floors should be avoided and
conditions leading to leg weakness should not be
used. Farm animals need exercise on adequate
flooring and suitable lying conditions.

Further Reading
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Sambraus, H.H. (1985) Abnormal behaviour as an
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27 Abnormal Behaviour 5:
Anomalous Reactivity

Very low or very high levels of activity and respon-
siveness are also abnormalities of behaviour. Just
as in certain circumstances people can become very
lethargic or hyperactive, so too can domestic ani-
mals. The causes are occasionally specific neuro-
logical disorders but, most frequently, they are an
inadequacy in rearing or housing conditions,
including especially lack of social contact.

Prolonged Inactivity

The inactive behaviour of cats in cages, for exam-
ple in a veterinary hospital, has long been
remarked upon by veterinary nurses, veterinary
surgeons and cat owners. The cat often lies down
at the back of the cage, as far as possible from
humans moving past and shows little reaction to
stimuli, often keeping the eyes closed for long 
periods. It is now clear from the work of McCune
(1992) and others that this is abnormal behaviour
associated with poor welfare. A cat that is well
adapted to its environment is active and alert for
longer than those cats that are disturbed by the
confinement conditions.

Dogs also show abnormal inactivity in some cir-
cumstances. A dog deprived of social contact, 
perhaps when it has no canine companion and its
human companions are away from it for many
hours, may either show great activity – some of it
destructive – or may be inactive and relatively
unresponsive. The cat and dog behaviour described
here shows obvious parallels with the behaviour of
many human depressives. This is also time for
other species mentioned below.

Motionless sitting, standing or lying is reported
as abnormal behaviour in various farm animals by
Wiepkema et al. (1983). There is much variation
amongst species and amongst individual wild 
animals in the proportion of time that they spend
active. Clubb and Mason (2003) describe the
extent of the time and distance in locomotion and

report that locomotor stereotypies in confinement
are greater when ranging is greater. Any estimate of
the degree of abnormality to ascribe to animals
that seem inactive must involve a comparison with
animals of that genetic type in conditions that
allow a wide variety of activities. Prolonged in-
activity has been reported for sows in stalls and
tethers; for example, Jensen (1980, 1981b)
recorded that tethered animals were lying for 68%
of the daytime period, while the pigs in an area of
woodland and field studied by Wood-Gush and
Stolba spent 50% of the daytime rooting and only
a short period lying (Wood-Gush, 1988). Various
factors must affect the level of activity, but it is fre-
quently found that confined animals are less active.
Prolonged lying in sows can lead to urinary tract
disorders (Tillon and Madec, 1984), and this is dis-
cussed further in Chapter 29.

When calves are kept in small crates such that
they are unable to turn around, lying down is
sometimes difficult and it reduces sensory contact
with events in the building. Calves often stand for
long periods, lean against the side of the crate or
adopt a semi-seated posture against the rear of the
crate. During this chronic standing they may show
some stereotyped behaviour (see Chapter 23) or
may remain completely immobile for very long
periods.

Chronic standing in horses is more common in
separate stalls than in groups. It is also sometimes
encountered in horses that appear to have acquired
orthopaedic conditions of the hindquarters and
hind legs. As a rule such animals are aged. In con-
sequence of their localized clinical or subclinical
conditions, difficulty is experienced by these 
animals in rising and lying. Since the horse, in 
rising, finally gets to an upright stance by a forceful
extension of the hindquarters, chronic orthopaedic
lesions in these parts are likely to be the seat of
pain during such sudden movement. Experience of
such pain would condition the horse against lying.
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This problem has long been recognized by horse-
keepers; it was once a particular problem among
heavy horses.

The only way to prevent prolonged lying in pigs
or chronic standing in calves is to provide condi-
tions that allow more movement and the expres-
sion of a greater variety of normal behaviour. For
horses with orthopaedic lesions, it was a not
uncommon practice in former times for horsemen
to provide such animals with a strong chain or tim-
ber across the rear posts of a horse stall for the 
animal to lean its hindquarters against, in order to
permit rest and sleep.

Tonic Immobility

Tonic immobility as a behaviour problem is lying
or freezing in protracted recumbency. It is charac-
terized by an abnormally low level of reactivity to
such stimulation as would otherwise be effective in
making the animal change position or posture.

The freezing response is a normal response of
birds to close contact with a predator, and in young
domestic chicks its duration is affected by the treat-
ment received by the birds and by their previous
experience (Broom, 1969a, b; Rose et al., 1985). If
a domestic chicken or adult fowl is handled by a
person and then laid down on the ground and its
head covered for a few seconds, it will show tonic
immobility for a period of seconds or minutes
(Ratner and Thompson, 1960). It seems that this
behaviour is the normal response to capture by a
dangerous predator. It is not, therefore, abnormal
for the species but it is a response that a wild jungle
fowl is unlikely to show very often during its life-
time. Hence, it is an unusual response for a bird to
show and it gives some indication of how danger-
ous the bird judges the situation to be.

It is not clear whether the tonic immobility
shown by cattle and other large farm animals is
homologous with that shown by poultry but there
is some similarity in the conditions in which it
occurs, as well as in the response itself.

Certain situations are seen to be closely associated
with the appearance of this behaviour. The subject,
in virtually all cases, is closely restrained or limited
in movement when some stressful circumstances
occur. The duration of the phenomenon varies con-
siderably and may be greater in individuals whose
level of fear is higher at the time of initiation of the
response (Jones, 1996). There may be parallels
between the state, in some cases, of the ‘downer’

and ‘tonic immobility’ or catalepsy. When the
downer cow is maintaining recumbency in the face
of varieties of stimulation but is apparently physi-
cally sound, a transfer to a new situation, e.g. from
indoors to outdoors or otherwise modifying the
environment by, for example, removing a dog, may
make the subject rise immediately. The condition is
therefore not so much an inability to rise as a
strong unwillingness to try to rise. This unwilling-
ness stimulates a pathological bodily state.

Unresponsiveness

Measures of activity level can be obtained accu-
rately, but it is difficult to know whether reduced
activity means poor welfare. In descriptions of
abnormal behaviour, Wiepkema et al. (1983)
emphasized that confined sows may be unrespon-
sive to events in the world around them, in addi-
tion to being inactive. Such behaviour is sometimes
called apathetic. In studies of sows in stalls, Broom
(1986d, e, 1987a) measured their responsiveness to
three different stimuli. All animals video recorded
were responsive to stimuli associated with the
advent of food, but they showed little response to a
stranger standing in front of them or to 200 ml of
water at room temperature tipped onto their backs
whilst they were lying awake. Group-housed sows,
in contrast, were much more likely to take notice of
strangers and to sit or stand and carry out other
activities when the stimulus was presented. This
work shows that stall-housed sows are abnormally
unresponsive to such stimuli (see Table 27.1). The
results of such work are likely to depend upon the
precise nature of the stimulus presented, for a very
frightening stimulus might elicit a maximal
response in all sows. The behaviour of head-
pressing (see Fig. 22.2) is shown by animals that
may be in pain and are unresponsive to most 
stimuli. Studies of this kind indicate parallels with
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Table 27.1. Responsiveness of stall-housed and group-
housed sows; behaviour in the 20 min after stimulus
presentation (from Broom, 1988d).

Stall- Group-
housed housed 

(n) (n)

Median time to sit or standa (s) 27.5 349
Median number of other activitiesb 2.5 6.5

a P = 0.096; b P = 0.004.



the behaviour of human depressives (Broom and
Johnson, 2000; Goodyer, 2001).

Hyperactivity

Animal handling is made difficult when animals
show freezing responses or startle responses, but
neither of these is necessarily abnormal behaviour.
Shying, jibbing or baulking by horses can some-
times be extreme in the extent to which they are
shown and may necessitate the use of blinkers and
the avoidance of potentially startling situations.
Other domestic animals may also show extreme
flight responses (see Fig. 27.1). This behaviour is
within the normal range of responses to danger,
however.

Problems arise when individuals injure them-
selves because of their high reactivity or if they

influence others to behave similarly. High-density
housing of animals and the presence of dense flocks
or herds at pasture can make such socially trans-
mitted hyperactivity dangerous to the animals and
to humans. Grazing animals suddenly disturbed,
even by an innocuous object such as blown paper,
may stampede. They are more likely to be injured
due to collision or falling during a stampede.
Primitive man exploited this behaviour in order 
to catch large herbivores; for example, Native
American peoples in North America caused bison
to stampede over cliffs. The behaviour is present in
wild populations but it can be maladaptive.
Stampedes of cattle, horses or sheep can be very
damaging to the  animals.

Hyperactivity can also be a problem in pet dogs.
Young dogs might be regarded as being too active
by relatively sedentary owners, but pathological
hyperactivity can also occur and sometimes
necessitates drug treatment (Manteca, 2002).

Hysteria

The occurrence of the extensive alarm reaction in
poultry is often termed hysteria. Flightiness in the
domestic chicken appears in different types of nerv-
ous and hysterical behaviour occurring in differing
environments and age groups. Hysteria in the
caged laying hen is characterized by sudden flying
about, squawking and trying to hide. The incidence
of hysteria in penned poultry is higher at greater
flock density. Flocks of 40 have been found to have
90% incidence of hysteria while flocks of 20 had
an incidence of 22%. Claw removal in birds has
been found to reduce hysteria, although some
strains are resistant. Even in cages hysteria can
occur, but it is less of a problem in multiple-hen
cages containing three to five rather than the larger
numbers of birds.

Undoubtedly caging controls hysteria in poultry
to some extent, although it can spread throughout
a flock kept in battery cages. Hens in a cage adja-
cent to hysterical birds may or may not be affected,
but individual birds apparently trigger an episode
within a cage leading to hysteria among all the
individuals within that cage. Following episodes of
hysteria within caged birds, traumatic sequelae
occur in the form of torn skin over the back. 
In addition, there is a drop in feeding and egg 
production following hysteria (Craig, 1981).

In broiler chickens, and particularly in turkeys,
hysteria may result in pile-ups of birds under which
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Fig. 27.1. Violent startle reaction in a goat (photograph
courtesy of A.F. Fraser).



some die. Good stockmanship prevents hysteria
responses; for example, the good stockman enter-
ing a poultry house always knocks to warn the 
animals that human entrance is imminent. This
minimizes the escape response that might otherwise
occur and be magnified as it moves in a wave down
the house. Another method of controlling hysteria
is to place baffles in the poultry house so that birds
do not move too far before reaching a baffle. The
consequent pile-ups are smaller and mortality is
reduced.

Further Reading

Cat inactivity

McCune, S. (1992) Temperament and the welfare of
caged cats. PhD thesis, University of Cambridge.

Toxic immobility

Jones, R.B. (1996) Fear and adaptability in poultry:
insights, implications and imperatives. World’s
Poultry Science Journal 52, 131–174.
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28 The Welfare of Cattle

Public Perceptions of the Dairy and 
Beef Industries

During the last 50 years, some aspects of cattle 
management have changed considerably but, at the
same time, our knowledge of cattle physiology and
behaviour has been improving. It is clear that cattle
have complex brain mechanisms regulating their
behaviour processes, an elaborate social structure
and sophisticated learning ability (Kiley-
Worthington and Randle, 1998; Phillips, 2002;
Hagen and Broom, 2003, 2004). Data establishing
this have made many animal scientists reconsider the
effects of conditions and procedures on farms, both
in terms of their efficiency as regards production and
with respect to the welfare of the animals.

Most members of the public asked about the
dairy and beef industries think of cattle grazing in
fields and cows living for many years while a series
of calves are born and milk is produced. Milk
products and beef are considered by the public in
relation to their effects on human nutrition and
health, animal welfare and the environment. If pro-
duction is perceived to be bad in relation to any of
these aspects, sales of the products could be
severely affected. Bovine spongiform encephalo-
pathy (BSE) resulted in a substantial but brief
decline in beef consumption in several countries.
Some people may limit their intakes of milk 
products because of a desire to reduce cholesterol
intake while certain aspects of the dairy industry,
such as methane production, may be criticized in
relation to pollution, but it is animal welfare rather
than these topics that is the subject of this chapter.

Until 10–15 years ago the welfare of the dairy
cow was not often perceived to be poor, and it has
been only in calf rearing that dairy production sys-
tems have been regularly criticized. However, the
dairy industry has been changing (Webster, 1993).
Evidence of poor welfare in cows has accumulated
and has had influence on public opinion in several
countries. It is important to the dairy industry that

welfare problems should be addressed before there
is any widespread public condemnation of breed-
ing and management practices. Similarly, beef cat-
tle production is not often criticized on welfare
grounds. However, a few critical newspaper 
articles or television programmes that appear well
founded can be very damaging to producers,
processors and retailers.

The general range of welfare problem areas is
similar for cattle and other farm animals. This
chapter is concerned with the effects of housing
and management systems. Possible causes of cattle
welfare problems include:

● Breeding procedures and consequent difficulties.
● Ill-treatment.
● Neglect: calculated, accidental or due to lack of

knowledge.
● Inadequacies in design of housing, including

pens, etc.
● Inadequate management system or poor

husbandry on the farm.
● Mutilations of the animals, including those that

are unnecessary or poorly executed.
● Poor conditions and procedures: (i) during

moving or loading; (ii) during transport; (iii) at
market; or (iv) at slaughterhouse.

● Provision for emergencies.

In many aspects of farm animal management,
improved welfare leads to improved production. If
the welfare of a dairy cow is improved there is often
a greater milk yield and, if the welfare of very
young calves is improved, the resulting increases in
growth rate and survival chances lead to economic
advantages for the farmer. In other situations, how-
ever, improving welfare leads to reduced profits, for
example when high stocking density is detrimental
to welfare. Modern cattle husbandry systems do
lead to some welfare problems, as discussed below.
Genetic election for high yield and a general change
in cattle management methods has led to an
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increase in production pressure. Nutritional expert-
ise has increased to the point where animals now
convert feed to meat and milk very efficiently. If 
animals are pushed hard energetically there need
not be welfare problems and management dif-
ficulties, but these are more likely and should be
taken into account when deciding or advising about
which system to choose. Welfare problems that
should be taken into account in cattle practice have
been reviewed by Broom (2004).

Ill-treatment and Neglect

Human actions that can lead to poor cattle welfare
include ill-treatment, neglect and inadequate pro-
duction systems. Ill-treatment occurs most fre-
quently when animals are being moved around the
farm, when they are being loaded into or out of
vehicles, or when they are at market or lairage.
Those who do ill-treat animals can be advised of
likely economic effects of their actions as well as
being told about the laws on the subject. Neglect
includes failure to provide an adequate diet, failure
to treat disease and the lack of normal husbandry
procedures. The diet may be inadequate in nutrient
composition or in quantity. Cattle are sometimes
undernourished for a period while food is scarce or
expensive, with the expectation that compensatory
growth will occur when more food is provided. If
the undernourishment amounts to starvation, and
this is clear from the condition of the animal, then
this is serious neglect. Lack of knowledge on the
part of the farmer may result in the provision of a
poor diet or in failure to treat disease. This is poor
husbandry, a very important cause of welfare prob-
lems. Advice on good husbandry methods can be
an important veterinary service. If animals are 
diseased and require treatment there is a moral
obligation upon the farmer to obtain adequate
advice and on the veterinarian to treat them.

General Housing and Management

Feeding trough barriers

Certain general points are relevant to the manage-
ment of all cattle and so will be made before con-
sidering problems specific to calves, beef cattle and
dairy cows. Feeding of housed cattle may lead to
difficulties for the animals because the acquisition
of food in housing conditions is very different from

that when grazing. Physical difficulties may occur,
as described by Cermak (1987), but social factors
are also very important. Cattle synchronize their
feeding to a large extent (Benham, 1982a; Potter
and Broom, 1987) so, where group feeding is pos-
sible, enough feeding places for each animal are
required (Wierenga, 1983; Phillips, 2002). Those
animals that cannot find a feeding place may not
get sufficient food and it is likely that there are
adverse effects on their welfare.

The precise effects of the frustration occurring
when food is inaccessible because of competition
remain to be determined. Competitive feeding situ-
ations where there are no individual feeding places
pose extra problems for cattle. The subordinate
individual has to attempt to obtain food despite the
attacks or threats of other individuals. Bouissou
(1970) found that, the greater the extent of the 
barrier between feeding places for cows, the fewer
the attacks that occurred (see Fig. 28.1). A trough
that requires subordinate cows to come close to
dominant individuals results in those subordinates
walking greater distances and taking longer to
obtain a meal (Albright, 1969; Fig. 28.2). Calves of
low social rank obtain less of the favoured food if
trough space is restricted (Broom and Leaver, 1978;
Broom, 1982).

In order to minimize such welfare problems that
are often associated with poor weight gain, farmers
should provide feeding spaces for all individuals,
preferably with barriers between the individual
places. Adaptation to a single food source is pos-
sible for cattle, however, for a transponder-
operated feeding stall can be successful (Albright,
1981), but certain individuals in a herd may have
difficulties in such systems.

Another general problem for housed cattle is
having to stand on floors which are wet, slippery,
uneven or hazardous because of sharp edges
(Galindo et al., 2000). Slippery slats can lead to dif-
ficulties in standing or lying (Andreae and Smidt,
1982; see also Figs 26.1 and 26.2). These and other
inadequacies of flooring can result in limb injuries,
foot lameness, tail-tip necrosis and various diseases
(Schlichting and Smidt, 1987). Lameness is the
greatest welfare problem of housed dairy cows, and
factors influencing its occurrence include floor
quality and poor drainage resulting in cows stand-
ing in slurry (Wierenga and Peterse, 1987;
Greenough et al., 1997).
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Welfare of Calves

In the first few days after birth, the major calf
welfare problems are enteric and respiratory dis-
eases. The calves of dairy cows may fail to obtain
sufficient colostrum for a variety of reasons
(Edwards, 1982; Edwards and Broom, 1982;
Broom, 1983a). Management practices which
maximize the chance that colostrum will be
obtained and minimize contact with pathogens
have important beneficial effects on calf welfare. If
calves of dairy cows are normally left with their
mother for the first 24 or 48 h, the risk that the calf

will not suckle early enough to obtain and absorb
the immunoglobulin from colostrum can be mini-
mized by the stockman placing one of the mother’s
teats in the mouth of the calf as early as possible
after the calf stands. Group-calving situations,
where several cows calve during a short period, can
lead to a cow’s colostrum being drunk by a calf
other than her own or to calves being rejected by
their own mothers. Such occurrences can be pre-
vented by providing separate calving boxes that
should, ideally, allow the cows some visual contact
with other cows. The provision of soft bedding for
the calf is also desirable and is easier where special
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Fig. 28.1. Physical barriers affected feeding times by cows ranking high and low in a competitive order. With no barrier
(a), the low-ranking cows were scarcely able to feed. A body barrier (b) improved the situation slightly for the low-
ranking cows but a head barrier (c) and a complete barrier (d) had a much greater effect (redrawn after Craig, 1981;
data from Bouissou,1970).



calving accommodation is available. Dairy calves
are deprived of their mother from an early age and
many are individually housed, so that they are con-
fined in a small space and deprived of all or most
social contacts.

The needs of calves

A need is a requirement, which is a consequence of
the biology of the animal, to obtain a particular
resource or respond to a particular environmental
or bodily stimulus (see Chapter 1). The needs of
calves are described in detail by Broom (1991,
1996) and by EFSA (2006), and examples are given
here. Calves need the following criteria: (i) to

breathe in good air conditions; (ii) feed and drink,
including sucking, manipulating food and ruminat-
ing; (iii) have normal gut development; (iv) rest and
sleep; (v) exercise; (vi) lack of fear; (vii) ability to
explore and have social contact; (viii) minimal 
disease; (ix) ability to groom; (x) ability to thermo-
regulate; (xi) avoidance of harmful chemicals; and
(xii) avoidance of pain.

The calf needs to ingest colostrum very soon
after birth, and milk thereafter. It also needs to
show sucking behaviour and, if a calf is not obtain-
ing milk from a real or artificial teat, it sucks other
objects (Broom, 1982, 1991; Metz, 1984; Hammell
et al., 1988; Jung and Lidfors, 2001). A variety of
nutrients are needed by calves. Sufficient iron is
needed to allow normal activity and to minimize
disease. A blood haemoglobin level in calves of
4.5–5.0 mmol/l is generally considered a threshold
below which iron deficiency anaemia occurs (Lindt
and Blum, 1994), since at this concentration there
is substantuially reduced immunocompetance.
When calves were forced to walk on a treadmill,
those with a mean haemoglobin level of 5.5 mmol/l
consumed more oxygen and exhibited higher corti-
sol levels after walking than calves whose haemo-
globin level was 6.6. or 6.9 mmol/l (Piquet et al.,
1993). Hence, the level at which there is clearly no
harm to the calf is 6.0 rather than 4.5mmol/l.

Normal calf anatomical, physiological and behav-
ioural development occurs only if the calves have
some fibre-containing material to eat (van Putten
and Elshof, 1978; A.J.F. Webster, 1994; Webster et
al., 1985), so it is clear that they need fibre in their
diet after the first few weeks of life. The lack of
appropriate roughage is a major determinant of
abnormal oral behaviours in veal calves (Veissier et
al., 1998; Cozzi et al., 2002; Mattiello et al., 2002).

Calves need to rest and sleep in order to recuper-
ate and avoid danger. They need to use several pos-
tures including one in which they rest the head on
the legs and another in which the legs are fully
stretched out (de Wilt, 1985; Ketelaar de Lauwere
and Smits, 1989, 1991). Calves that have more rest
in comfortable conditions grow better (Mogensen
et al., 1997; Hanninen et al., 2005).

Exercise is needed for normal bone and muscle
development, and calves choose to walk at inter-
vals if they can, show considerable activity when
released from a small pen and have locomotor
problems if confined in a small pen for a long
period (Warnick et al., 1977; Trunkfield et al.,
1991).
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Fig. 28.2. The paths of two cows in a herd after food is
provided in a food wagon are shown. Animal (a) was
found to be high in a competitive order whereas animal
(b), which was low in that order, walked further because
of displacement at the food wagon and took longer to
feed (after Broom, 1981; modified after Albright, 1969).



Exploration is important as a means of prepar-
ing for the avoidance of danger and is a behaviour
shown by all calves (Kiley-Worthington and de la
Plain, 1983). Calves need to explore, and it may be
that higher levels of stereotypies (Dannemann et
al., 1985) and fearfulness (Webster et al., 1985) in
poorly lit buildings are a consequence of inability
to explore. Play is a form of exploration, and calves
show more play in environments that meet their
needs (Jensen et al., 1998).

The needs of young calves are met most effec-
tively by the presence and actions of their mothers.
In the absence of their mothers, calves associate
with other calves if possible and they show much
social behaviour. The bond between dam and calf is
likely to develop very soon after birth: calves sepa-
rated from their dam at 24 h can recognize the
vocalizations of their own dam 1 day later
(Marchant-Forde et al., 2002). In their review of
the effects of early separation of dairy cows and
their calves, Flower and Weary (2003) conclude
that, on the one hand, behavioural reactions of
cows and calves to separation increase with
increased contacts but, on the other hand, health
and future productivity (weight gain for the calf,
milk production for the cow) are improved when
the two animals have spent more time together.
Calves reared by their dam do not develop cross-
sucking, while artificially reared calves do so
(Margerison et al., 2003). The need to show full
social interaction with other calves is evident from
calf preferences and from the adverse effects on
calves of social isolation (Broom and Leaver, 1978;
Dantzer et al., 1983; Friend et al., 1985; Lidfors,
1993, 1994).

In order to minimize disease, calves have a wide
range of immunological, physiological and 
behavioural mechanisms. One example of a behav-
ioural mechanism is the behaviour that maximizes
their chances of obtaining colostrum; another is
that calves show preferences to avoid grazing close
to faeces. They also react to some insects of a type
that may transmit disease. If infected with
pathogens or parasites, calves will show sickness
behaviour that tends to minimize the adverse
effects of disease (Broom and Kirkden, 2004).
Young calves, < 4 weeks of age, are not well
adapted to cope with stressful events. An inability
to mount an effective glucocorticoid response,
which is adaptive in the short term, may be a con-
tributing factor to the high levels of morbidity and
mortality occurring in young calves (Knowles et al.,

1997), as may neutrophilia (Simensen et al., 1980;
Kegley et al., 1997), lymphopaenia (Murata et al.,
1985) and suppression of the cell-mediated
immune response (Kelley et al., 1981; MacKenzie
et al., 1997).

Grooming behaviour is important as a means of
minimizing disease and parasitism, and calves
make considerable efforts to groom themselves
thoroughly. Calves need to be able to groom their
whole bodies effectively.

Calves need to maintain their body temperature
within a tolerable range. They do this by means of
a variety of behavioural and physiological mecha-
nisms. When calves are overheated, or when they
detect that they are likely to become overheated,
they move to locations that are cooler. If no such
movement is possible, the calf may become dis-
turbed, thus exacerbating the problem, and other
changes in behaviour and physiology will be
employed. Responses to a temperature that is too
low will also involve location change if possible.
Overheated, or potentially overheated, calves
adopt positions that maximize the surface area
from which heat can be lost. Such positions often
involve stretching out the legs laterally if lying, and
avoiding contact with other calves and with in-
sulating materials. If too cold, calves fold the legs
and lie in a posture that minimizes surface area.
Overheated calves will attempt to drink in order 
to increase the efficiency of methods of cooling
themselves.

Comparisons of calf housing and
management systems

The major housing systems that have been com-
pared in studies of calf welfare are individual
crates, group housing on slats and group housing
on straw. Where calves are housed individually, the
size of the crate and whether or not the sides are
solid have been varied. Aspects of diet are impor-
tant in relation to welfare. For example, if inappro-
priate proteins or carbohydrates are fed, the calf
may be unable to utilize them and, if milk is acidi-
fied too much, calves may find if very unpalatable.
However, the two aspects of diet that have been of
greatest concern in relation to calf welfare have
been the amount of fibre and the amount of iron, as
discussed above.

Some feeding systems for young calves involve
the use of a bucket, while others use teats. The pro-
vision of milk through a teat, a long milk meal and
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the possibility of sucking a dry teat can decrease
non-nutritive sucking in artificially reared calves,
but do not abolish it (Veissier et al., 2002; Jensen,
2003; Lidfors and Isberg, 2003).

Calves reared in individual crates show various
signs of poor welfare: (i) the occurrence of stereo-
typies; (ii) difficulties in standing, lying and groom-
ing; (iii) excessive grooming of the front of the
body with the ingestion of much hair and the for-
mation of hairballs in the gut; and (iv) substantial
adverse reactions to walking and to transport (as
described by Broom (1991, 1996) and in several
chapters of this book). All calves are motivated for
social contact, which is not possible in individual
crates. Such a motivation was shown using operant
conditioning by Holm et al. (2002). Individual
housing can be stressful to calves as measured by
adrenal responses to ACTH (Raussi et al., 2003).
Group housing can help calves acquire social skills
(Boe and Faerevik, 2003). Some experience of mix-
ing is of particular importance: calves that have
been reared for a while in a group dominate calves
that have always been in individual crates (Broom
and Leaver, 1978; Veissier et al., 1994).

The amount of space available to calves in
groups has an effect on their welfare. In dairy
calves it has been shown that spatial environment
stimulates play: calves in small group pens per-
formed less locomotory play than the ones kept in
larger pens (Jensen et al., 1998; Jensen and Kyhn,
2000). Dairy calves kept from birth to 1 month of
life in larger stalls (1.00 � 1.50 m) showed a higher
percentage of lying behaviour and grooming than
calves kept in smaller stalls (0.73 � 1.21 m); in
addition, lymphocyte proliferation was signifi-
cantly higher in calves reared in large stalls
(Ferrante et al., 1998).

The incidence of disease in young calves is too
high; for example, 25% of veal calves had to be
treated for respiratory disease in a study by van der
Mei (1987). The use of antibiotics to prevent 
disease is also a problem. It is important for calf
welfare and for farm economics that disease levels
be lowered. However, the transmission of both 
respiratory and gastrointestinal diseases in a calf
house occurs whether the calves are housed 
individually or in groups. The key factor affecting
this is ventilation (Heinrichs et al., 1994) rather
than individual or group housing.

One aspect of management that causes problems
is the practice of mixing calves from different
sources. A.J.F. Webster (1994) found that calves

purchased and brought into a unit were five times
more likely to require treatment for disease. A
second aspect is hygienic practice by farm staff and a
third is early detection of disease. These variables
seem to be more important than housing system in
exacerbating disease.

As a consequence of the evidence of poor welfare
in veal calves, the European Union passed a
Directive in 1997 which required the following 
criteria: (i) group housing of calves after 8 weeks of
age; (ii) individual pens at least as wide as the height
of the calf at the withers; (iii) no tethering of calves
except for < 1 h at feeding time; (iv) sufficient iron to
ensure an average blood haemoglobin of 4.5 mmol/l;
and (v) fibre in the diet increasing from 50 g/day at
8 weeks to 250 g/day at 20 weeks. Many EU calf
producers have found group housing of calves to be
more successful economically than the old crate 
system, and white veal can still be produced from
systems which comply with the new law.

In a comprehensive review of calf wefare, the
European Food Safety Authority Scientific Panel on
Animal Health and Welfare (EFSA, 2006) con-
cluded that the following are risks to poor welfare
in intensively kept calves:

● Inadequate colostrum intake – duration.
● Inadequate ventilation, inappropriate airflow,

airspeed, temperature for some husbandry
systems.

● Exposure to pathogens causing respiratory and
gastrointestinal disorders.

● Continuous restocking (no ‘all in – all out’).
● Mixing calves from different sources.
● Inadequate colostrum intake – quantity.
● Inadequate colostrum intake – quality.
● Insufficient access to water.
● Insufficiently balanced solid food.
● High humidity.
● Indoor draughts.
● Inadequate ventilation, inappropriate airflow,

airspeed temperature for some husbandry
systems.

● Poor air quality (ammonia, bio-aerosols and
dust).

● Poor floor conditions: gaps too large, too
slippery, wet floor for lying, no bedding.

● Insufficient light for response to visual stimuli.
● Exposure to pathogens causing respiratory and

gastrointestinal disorders.
● Poor response of farmer to health problems,

especially necessary dietary changes.
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● Lack of maternal care.
● Separation from the dam.
● Iron deficiency resulting in haemoglobin levels 

< 4.5 mmol/l.
● Allergenic proteins.
● Diet too rich (overfeeding).
● Insufficient floor space allowance.
● Inadequate health monitoring.
● Inadequate haemoglobulin monitoring.

Welfare of Beef Cattle

The housing conditions for calves destined for beef
production are sometimes similar to those kept for
veal production. so they have similar welfare prob-
lems. Older beef animals are kept in small individ-
ual pens or are tethered in some countries and they
then show much stereotyped behaviour. Riese et al.
(1977) reported that stereotyped behaviour
included tongue-rolling, weaving movements and
self-licking. Wierenga (1987) reported that one-
third of young, individually housed, bulls spent
several minutes in every hour showing tongue-
rolling. Physiological responses to confinement also
occur. Ladewig (1984) reported that tethered bulls
showed more frequent episodes of high blood corti-
sol levels than did bulls able to interact socially in
groups. Such abnormal behaviour and physiology
is probably exacerbated by both social deprivation
and inability to perform behaviours because of 
spatial restriction. Tethered animals lack exercise
and have different patterns of muscle fibres from
those free to walk (Jury et al., 1998) and more osteo-
chondrosis (de Vries et al., 1986). Individual housing
of beef animals is more frequent when they are bulls
than when they are steers. In Germany almost all
beef animals are bulls but, in the UK, most were
steers before the ban on growth promoters.

Fighting and mounting can lead to welfare prob-
lems when beef animals, especially bulls, are kept in
groups. The most important way of minimizing
such problems is to keep the animals in stable
groups, since social mixing leads to much fighting
with consequent injuries, bruising and extreme
physiological responses (Kenny and Tarrant, 1982).
In stable groups, mounting may lead to more injury
than does fighting (Appleby and Wood-Gush, 1986;
Mohan Raj et al., 1991). Animals that are fre-
quently mounted become bruised and may suffer
severe leg injuries. Mounting can be greatly reduced
by the use of overhead bars that physically prevent

it or an electrified grid, which deters animals that
wish to mount. The brief, initial experience of an
electric shock has a relatively small adverse effect on
welfare as compared with the serious effects on 
animals that are repeatedly mounted.

The stocking density of beef animals and the
flooring provided also have considerable effects on
welfare. High stocking densities lead to more
aggression, injury and bruising. Beef animals
increase rapidly in body weight but they have little
exercise if they are housed in small pens, and their
leg growth may not be able to keep pace with that
of the rest of the body. The final weights reached
are much higher now than they used to be, so the
legs are scarcely adequate to support the body. The
consequence of this is cartilage damage, clear indi-
cations of limb pain and obvious difficulties in
standing and lying (Dämmrich, 1987). Graf (1984)
found that these problems were absent if fattening
bulls were reared on deep straw and that such con-
ditions also led to fewer behavioural problems.
Beef cattle have a strong preference for straw or
other bedding. All of these issues are reviewed in
the EU Scientific Committee on Animal Health and
Animal Welfare Report on the Welfare of Cattle
Kept for Beef Production 2001.

Welfare of Dairy Cows

The major welfare problems of dairy cows are
lameness, mastitis and any conditions leading to
impaired reproduction, inability to show normal
behaviour or emergency physiological responses,
or injury.

Leg and foot problems

For a recent review of lameness, including the
extent to which it is a welfare problem, see
Greenough and Weaver (1996). Almost all animals
that walk with a limp, reduce walking to a low
level or avoid walking whenever possible suffer
from some leg or foot pain (see Fig. 28.3). Their
ability to carry out various preferred behaviours is
generally impaired, and there may be adverse con-
sequences for various other aspects of their normal
biological functioning. Lameness always means
some degree of poor welfare, and sometimes means
that welfare is very poor indeed.

Measurements of the extent to which some
degree of lameness occurs in dairy cows include
35–56 cases per 100 cows per annum in the USA,

The Welfare of Cattle 267



59.5 cases per 100 cows per annum in the UK and
> 83% of examined cows in the Netherlands. The
actual figures depend upon the method of assess-
ment and most of these cases were not treated by
veterinary surgeons, but there is no doubt that
lameness is often a severe welfare problem.

Mastitis

Mastitis in mammals is a very painful condition.
The sensitivity to touch of affected tissues is clearly
evident and there is obvious diminution of normal
function. Mastitis prevalence should have declined
greatly with improved methods of prevention and
treatment, but it has not declined as much as it
should have done. Webster (1993) reports 40 cases
of mastitis per 100 cows per year as an average for
the UK.

Reproductive problems

Reproductive problems in dairy cows have become
very common in recent years, with large numbers
of cows being culled because of failure to get in
calf. In a study of 50 dairy herds in England,
Esslemont and Kossaibati (1997) found that farm-
ers reported failure to conceive as the predominant
reason for culling, with 44% of first lactation, 42%
of second lactation and 36.5% of cows in total
being culled for this reason. However, mastitis, feet
and leg problems, ketosis and other disease con-
ditions can lead to reproductive problems and it is
difficult to discover their initial cause from farmers’
records. A report by Plaizier et al. (1998) concern-

ing Canadian herds indicated that reproductive
culling risk varied between 0 and 30%, with a
mean of 7.5%.

Housing and management systems
and welfare

The incidence of lameness is much worse in housed
cows than in cows at pasture. Cows at pasture may
have stone damage to hooves if they do not have a
suitable place to walk, but wet cubicle houses or
poorly maintained straw yards can result in very
high levels of lameness. Even the best cubicle hous-
ing systems seem to have some lameness problems,
which are exacerbated by social factors (Broom,
1997; Fig. 28.4).

Since the best straw yards, with an abrasive area
on which normal hoof wear occurs, have little lame-
ness, these may be the best solution for housed
cows. Mastitis incidence is affected by hygiene at
milking and various other conditions of manage-
ment. Poorly designed housing systems can result in
a variety of welfare problems, and these can be
exacerbated by high stocking density. Most of these
problems – such as those resulting from cubicles
being too short for the length of the cows now occu-
pying them or from poor design of cubicles which
do not allow adequate movements in the cow – are
well known, so are mentioned only briefly here. In
general, it seems that many dairy cow housing 
systems, and cubicles in particular, do not provide
an environment to which cows can adapt easily. The
best straw yards seem to be the most successful as
they give the cows more opportunity to control
their interactions with their environment.
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Fig. 28.3. A sole ulcer on a dairy cow’s hoof is very
painful and leads to abnormalities of walking
(photograph courtesy of F. Galindo).

Fig. 28.4. If cows have to stand in wet places, perhaps
because of social pressure, they are more likely to
become lame (photograph courtesy of D.M. Broom).



In addition to the design of the accommodation
for dairy cows, methods of management can have
substantial effects on the welfare of the animals.
This topic is considered in Chapter 21 and else-
where in this book. Cows adapt better to the diffi-
cult conditions that we impose on them if they have
the same routine each day and if the actions of the
people who interact with them are predictable. For
example, when entering the milking parlour they
often select the same side and may enter with a 
similar order of individuals on each day (Paranhos
da Costa and Broom, 2001).

Milk yield and welfare

The milk production of a beef cow is about 
10 l/day and 1000–2000 l/year. In the late 1980s, a
single dairy cow in the UK produced about 30 l/day
and 6000 l/year. Ten to 15 years later, the com-
parable figures were 75 l/day and 18,000 l/year for
some cows. The dairy animal is producing con-
siderably more than its ancestor would have. This
raises questions of whether it is at or beyond its
maximum production level and the extent of any
welfare problems.

The peak daily energy output of the dairy cow
per unit body weight is not very high in compari-
son with some other species such as seals or dogs,
but the product of daily energy output and dura-
tion of lactation is very high indeed. Hence, long-
term problems are likely to occur (Nielsen, 1998).
This is what we see because, although some cows
seem to be able to produce at high levels without
welfare problems, the risk of poor welfare indi-
cated by lameness, mastitis or fertility problems is
greater as milk yield increases.

The steady increase in reproductive problems as
milk yields have increased is well known. As Studer
(1998) states: ‘Despite programmes developed by
veterinarians to improve reproductive herd health,
conception rates have in general declined from
55–66% 20 years ago to 45–50% recently
(Spalding et al., 1975; Foote, 1978; Ferguson,
1988; Butler and Smith, 1989). During the same
periods, milk production has greatly increased.’

Studies showing that milk yield is positively cor-
related with the extent of fertility problems have
come from a range of different countries (van
Arendonk et al., 1989; Oltenacu et al., 1991; Nebel
and McGilliard, 1993; Hoekstra et al., 1994; Pösö
and Mäntysaari, 1996; Pryce et al., 1997, 1998).
Studer (1998) explains that high-producing cows

that are thin and whose body condition score
declines by 0.5–1.0 during lactation often experi-
ence anoestrus. A loss of condition score of about
1.0 during lactation was normal in the review pre-
sented by Broster and Broster (1998). Data on the
relationships between milk yield and reproduction
measures from two large-scale studies are included
in Tables 28.1 and 28.2.

In some studies, effects of health problems on
reproduction are evident; for example, Peeler et al.
(1994) showed how cows which were lame in the
period before service were less likely to be observed
as being in oestrus. The lameness could be more
likely in high-producing cows. Direct links between
level of milk production and extent of disease con-
ditions are also evident from a range of studies,
positive correlations being reported by Lyons et al.
(1991), Uribe et al. (1995) and Pryce et al. (1997,
1998); see also Tables 28.1 and 28.2). In addition
to mastitis and leg and foot problems, which are
often measured in such studies, the occurrence of
other clinical conditions can also be affected by
production level. Modern, high-producing cows
with good body condition have a high incidence of
milk fever, retained placenta, metritis, fatty liver
and ketosis (Studer, 1998).
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Table 28.1. Positive correlations between milk
production level and indicators of poor welfarea

(from Pryce et al., 1997).

Reproduction factor Correlation

Calving interval 0.50 ± 0.06
Days to first service 0.43 ± 0.08
Mastitis 0.21 ± 0.06
Foot problems 0.29 ± 0.11
Milk fever 0.19 ± 0.06

a Milk yield from 33,732 lactation records.

Table 28.2. Positive correlations between milk
production level and indicators of poor welfarea

(from Pryce et al., 1998).

Reproduction factor Correlation

Calving interval 0.28 ± 0.06
Days to first service 0.41 ± 0.06
Mastitis 0.29 ± 0.05
Somatic cell count 0.16 ± 0.04
Foot problems 0.13 ± 0.06

a Milk yield from 10,569 lactation records.



The high yields of modern dairy cows are a conse-
quence of genetic selection and feeding. Cows are
adapted to high-fibre, low-density diets. The ways in
which they have been modified genetically do not
change these basic characteristics much. Cows do
not adapt easily to high-grain diets or to manu-
factured diets with high protein and low fibre.
Genetic selection has not taken adequate account of
the adaptability and welfare of cows. Current trends
towards ever-greater milk production and feed con-
version efficiency should not be continued unless it
can be ensured that welfare is good (Broom, 1994;
Phillips, 1997). Bovine somatotrophin (BST) results
in high milk yields and higher levels of mastitis,
lameness, reproductive disorders and other prob-
lems such as those at the injection site (Broom, 1993;
Willeberg, 1993; Kronfeld, 1997; Willeberg, 1997;
Broom, 1998). Whether or not much of the effect of
the genetically engineered hormone is a consequence
of the milk yield, the poorer welfare caused by the
BST is unacceptable.

The Report of the EU Scientific Committee on
Animal Health and Animal Welfare on Animal
Welfare Aspects of the Use of Bovine Somatotrophin,
which reviewed the scientific literature, concluded as
follows:

BST is used to increase milk yield, often in already
high-producing cows. BST administration causes
substantially and very significantly poorer welfare
because of increased foot disorders, mastitis,
reproductive disorders and other production related
diseases. These are problems which would not occur
if BST were not used and often result in unnecessary
pain, suffering and distress. If milk yields were
achieved by other means which resulted in the health
disorders and other welfare problems described
above, these means would not be acceptable. The
injection of BST and its repetition every 14 days also
causes localised swellings which are likely to result in
discomfort and hence some poor welfare.

The Committee also made the following recom-
mendation:

BST use causes a substantial increase in levels of
foot problems and mastitis and leads to injection
site reactions in dairy cows. These conditions,
especially the first two, are painful and debilitating,
leading to significantly poorer welfare in the treated
animals. Therefore from the point of view of
animal welfare, including health, the Scientific
Committee on Animal Health and Animal Welfare
is of the opinion that BST should not be used in
dairy cows.

Welfare Consequences of Future
Developments in Cattle Management

Conventional methods of cattle breeding have
changed these animals considerably during recent
years, and future changes are likely to be acceler-
ated by new possibilities for genome manipulation.
For example, selection for double muscling in beef
cattle and the possibility of transferring genes
which increase growth rate or modify final body
form could both result in animals with larger,
faster-growing bodies. Growth promoters, e.g.
bovine somatotrophin (BST), are discussed in the
section on dairy cows above. In addition, body
weight increase without corresponding increase in
leg size and strength could result in more lameness.
Any modification of animals should be checked
carefully using proper scientific measures of wel-
fare to ensure that animals do not find it more diffi-
cult to cope with their environment. Such studies
should be carried out over a period as long as the
maximum farm lifetime of the animal.

The offspring of transgenic animals should also
be studied in this way. New techniques should not
be licensed for general use unless such welfare
checks have been carried out and have shown that
there are no adverse effects on the animals. Some
modifications of animals could result in improved
welfare: for example, if genes were implanted
which increased the efficiency with which disease
could be combatted by the individual.

The crossing of breeds of animals can lead to
welfare problems for cows if a large breed of bull is
crossed with a smaller breed of cow, resulting in
increased calving difficulty. Similar problems can
arise if embryo transfer is used. Multiple implanta-
tion of embryos could lead to other problems. The
actual transfer of embryos could be a major opera-
tion that is traumatic for the cow, but techniques
having only a minor effect are now possible. Any
embryo transfer procedure should be such that cow
welfare is not worse than that of cows undergoing
a normal pregnancy.

A quite different development area, which can
have effects on welfare, is the development of
microprocessors and other electronic control units.
Cows can already carry transponders that allow
them to be fed individually, and this methodology
could be improved to minimize the chances that
any individuals fail to obtain food. This system of
feeding cows at a single or small number of feeding
stalls can lead to problems, because dominant indi-
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viduals may attack others or deter them from feed-
ing. Some very timid cows might be quite unwilling
to approach a feeder when an aggressive individual
is near it. Wierenga and van der Burg (1989) sug-
gested the use of auditory signalling devices on the
cow’s ear that tell each individual when to come to
feed. Animals that have already fed receive no food
if they enter the feeder, so this system provides a
means for distributing feeding times for each indi-
vidual throughout the day. Such a system should
work well for all animals except for those that are
stimulated to feed only when another animal is
feeding.

Electronic systems could also allow cattle greater
control over their physical environment, for 
example by giving them the opportunity to regulate
environmental temperature and air-flow rates.
Lack of control is a major cause of welfare prob-
lems (Broom, 1985, 2003), so such possibilities
could improve welfare. The development of auto-
matic milking systems for cows, which are recog-
nized individually on entry to a milking stall so that
a computer, pre-programmed with their udder co-
ordinates, initiates robotic attachment of a milking
machine to them, can improve welfare for animals
that can adapt to the system. The cow can come to

be milked wherever she chooses to do so. However,
pasture systems need to be changed to a system of
fields radiating out from the milking parlour. If this
is not done, there is a tendency for the cows to be
kept in buildings continuously, and this leads to
increased leg and foot disorders and failure to
allow enough exercise.
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29 The Welfare of Pigs

The complexity of pig behaviour, and the brain
mechanisms controlling it, is evident from the
studies described in earlier chapters. Their learning
ability is considerable and their social behaviour
elaborate. As a consequence, welfare problems
arise for pigs if they are unable to control events in
their environment, if they are frustrated or if they
are subjected to unpredictable situations. For
example, inability to prevent attack by another pig,
to regulate body temperature or to groom ade-
quately can all lead to poor welfare. Such effects
are additional to those resulting from injury,
disease or other pain and physical discomfort.

Pig welfare problems (Broom, 1989b; Jensen et
al., 2001) include those due to physical abuse, 
neglect, handling, transport, farm operations (see
Chapter 21) and disease (see Chapter 22). Some of
the welfare problems of pigs, like those of other
domestic animals, are a consequence of the ways in
which the animals have been selected by breeders.
When a population is strongly selected for high
production, fewer resources are available to 
adequately respond to other demands such as cop-
ing with stressors (Rauw et al., 1998). Such effects
are shown to include behavioural capacities
(Schütz et al., 2004).

This chapter is concerned principally with the
effects of widely used housing systems on pigs, in
particular dry sow housing, accommodation for
farrowing, piglets after weaning and fattening pigs.
The handling and transport of pigs is a major wel-
fare issue, in part because pigs have been selected
in a way that causes them serious problems when
subjected to transport or other difficult conditions,
as discussed in Chapter 21.

Dry Sows

Dry sows and gilts are those that are not lactating.
They may be pregnant, i.e. during gestation, and
they are kept in a variety of different housing 

systems. These include tethers, stalls, other individ-
ual pens, groups with feeding stalls, groups with
food supplied on the floor or in a communal
trough, groups with electronic sow feeders (Figs
29.1 and 29.2), groups in deep-straw pens, groups
in fields or large yards and, experimentally, in the
family pen system. There is some variation within
each of these categories, particularly with respect
to the microclimate, the type of flooring, the use of
straw or other bedding materials, the diet and the
frequency of feeding. Their welfare is discussed
below in relation to several welfare indicators.

Growth and piglet production

It is possible that a gilt that fails to grow or a gilt 
or sow that produces very small litters of piglets
may have a welfare problem, although other 
factors contribute to the wide variation in indi-
vidual production. In comparative studies of pro-
duction systems, however, it is often difficult to
discover how many individuals do badly in this
way, because the data are presented as a mean of 
animals in a system. Hence a few pigs producing
well could mask a few bad producers. Where 
average production figures are used, it is clear that
well-managed units can do equally well whether
the sows are confined or in one of the forms of
group housing. In a comparison of matched sets of
sows housed in stalls, groups with an electronic
sow feeder and groups with individual feeding
stalls, Broom et al. (1995) found that stall-housed
sows were shorter but there was no difference in
piglet production. In an EU report involving a
much larger number of animals, the same result
was obtained (Jensen et al., 2001).

Reproduction problems

Some sows are culled because they do not become
pregnant and others because they have small
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litters. These reproductive failures or inadequacies
can occur because the sow encounters difficult con-
ditions and has difficulty in trying to cope with
them. Many factors lead to anoestrus in the pig,
but several authors have attributed anoestrus to
housing conditions. Jensen et al. (1970) reported
that tethered gilts reached first oestrus 4 days later
than group-housed gilts, and Mavrogenis and
Robinson (1976) found even larger differences in
the time of first oestrus between gilts in stalls and
gilts housed in groups.

Individual penning of sows can lead to fewer
sows becoming pregnant after service, or attempted
service, than group-rearing of sows (Fahmy and
Dufour, 1976). Hemsworth et al. (1982) and
Sommer et al. (1982) also found that stall-housed
sows returned to oestrus after their piglets had been
weaned later than group-housed sows. Maclean
(1969), however, reported that, in groups where
much ‘bullying’ occurred, the opposite result was
obtained, and Hansen and Vestergaard (1984) also
reported that the delay before conception was
greater in some group-housed sows. Many farmers
with sows in stalls or tethers experience difficulty in
getting some of their gilts or sows pregnant, but in
these situations and some of the studies mentioned
above there is doubt about the precise reason why
this happens. The problem may be that reproduc-
tion is impaired by poor welfare in the housing
condition, but the impairment may sometimes be
limited to the extent to which the pigs show signs
of oestrus that can be detected by a stockman.

The effects of housing conditions on the onset
and occurrence of oestrus need to be studied in a
way that controls for all variables, but research
does suggest that there are more problems when
gilts or sows are kept in stalls or tethers than if they
are kept in a well-managed group-housing system.
It is important to note, however, that welfare can
be poor in group-housing systems where much
fighting occurs and that oestrus can be delayed in
such situations.

Other measures of reproductive problems may
reflect poor welfare during the gestation period and
problems at farrowing. Most studies of such prob-
lems are complicated by the fact that sow accom-
modation during both gestation and farrowing
may influence the results. Bäckström (1973) com-
pared 1283 sows confined in a crate during preg-
nancy and farrowing, with 654 sows free in a pen
at both times. In crate-housed sows there was a
higher incidence of mastitis versus metritis/
agalactia (11.2 versus 6.7%) and greater numbers
of sows whose farrowing time was longer than 8 h
(5.4 versus 2.3%). Vestergaard and Hansen (1984)
studied four groups of sows that were tethered or
loose-housed during pregnancy and during farrow-
ing. The duration of farrowing was significantly
shorter in those sows that were loose-housed
throughout than in those that were tethered at one
stage or another.

It seems possible that lack of exercise has some
adverse effect on the sow. Bäckström (1973) and
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Fig. 29.1. This sow is wearing an electronic
transponder that will trigger food delivery when she
enters the feeding gate. The transponder may be on a
collar, on an ear tag or, since it can be very small,
implanted under the skin to allow electronic recognition
throughout life (photograph courtesy of D.M. Broom).

Fig. 29.2. Sows kept in groups have access to this
electronic sow-feeder that delivers food to them, after
their entry, only if they have not received their ration for
the day. The sow should have a front exit to the feeder
(photograph courtesy of D.M. Broom).



Sommer et al. (1982) found more stillborn piglets if
sows were confined. On commercial farms having
well-managed stall units, reproductive problems
are generally thought to be no more frequent than
on units with group housing. It is possible that, in
surveys such as that of Bäckström, variation in unit
size or in stockmanship may have contributed to
the differences reported. In general, the coping sys-
tems of animals have evolved so as to minimize
effects on reproductive success so, if there are dif-
ferences between systems, even a small effect may
indicate considerable welfare problems.

Sow disease, bone strength and injury

Animals that utilize their adrenal cortex frequently
may have impaired immune system function and
greater susceptibility to disease. The effects of
housing conditions on the health of sows and
piglets were reviewed by Ekesbo (1981), who
pointed out that the relative levels of disease in dif-
ferent systems are much affected by differences in
the use of antibiotics.

If sows are exposed to very infectious diseases
such as Aujeszky’s or swine fever, all may become
infected, irrespective of their previous welfare.
Non-infectious, or less infectious, diseases such as
those leading to some foot and leg problems, sores,
torsion of the gut or ulcers are more obviously
related to environmental conditions and the ani-
mals’ attempts to cope with them.

The effect of housing conditions on farrowing
problems has been discussed in the previous sec-
tion. Bäckström (1973) found greater total sow
morbidity at farrowing in crate-housed sows
(24.1%) than in loose-housed sows (12.8%), as
well as greater MMA (mastitis–metritis–agalactia)
incidence. The quality of management may have
improved since these studies were carried out, how-
ever. Confined sows may also be more subject to
urinary disease and leg problems, while group-
housed sows are more likely to receive pig-inflicted
injuries and sometimes have higher parasite loads.

Tillon and Madec (1984) noticed that urinary
tract disorders had increased in frequency in France
during a period when more and more sows were
confined. They reported on the relatively high inci-
dence of such disorders in tethered sows, and
(Madec 1984) suggested that sows might be more
prone to urinary disorders if they have to lie on
their faeces. They also found that tethered sows
drink less and urinate less often than do loose-

housed sows, so that urine is more concentrated
and bacteria have longer to act within the urinary
tract (Madec, 1985). This problem is probably a
consequence of low activity levels and consequent
infrequent drinking; therefore, while it could be in
part a consequence of the effect of the housing sys-
tem on the animal, it may be reduced within that
system by stockmen encouraging the animals to
stand and drink. It is unlikely that farm staff would
do this with sufficient frequency.

There is clearly much variation among sows
here, as some inactive sows drink infrequently but
other active sows drink very often. Tillon and
Madec (1984) also reported that, in one-quarter of
tether units, more than 20% of sows showed seri-
ous lameness. Several other authors have reported
similar findings. Bäckström (1973) found that the
number of traumatic injuries caused by pen fittings
and flooring was 6.1% in confined sows, but 0.8%
in loose housing. Most studies of leg injuries and
infections that cause lameness have related their
incidence to the type of flooring. Penny et al.
(1965) attributed the high incidence of foot rot to
poor concrete floors, and Smith and Robertson
(1971) described how poorly designed or main-
tained slatted floors resulted in many leg and foot
injuries and high culling rates. Bäckström (1973)
found that 6.3% of 588 sows on partly slatted
floors had foot lesions, but these were shown by
only 3.3% of 3520 sows on unslatted floors. It is
now clear that good slats cause fewer problems
than poor slats, but the incidence of sow lameness
is still very high. There remains the probability that
confinement and associated lack of exercise cause
lameness even on good flooring. Using de Koning
(1983), a precise method for quantifying integu-
mental lesions reported that such lesions can be of
high frequency in tethered-sow units.

Sows in stalls or tethers have almost no opportu-
nity to exercise. One consequence of this is that cer-
tain of their muscles are weaker and they have sub-
stantially weaker bones than sows that can exercise.
Marchant and Broom (1996) found that sows in
stalls had leg bones only 65% as strong as sows 
in group-housing systems. The actual weakness of
bones means that the animals are coping less well
with their environment, so welfare is poorer in the
confined housing. If such an animal’s bones are bro-
ken there will be considerable pain and the welfare
will be worse but, in practice, bone breakage is rare.

Injuries resulting from attacks by other sows 
can be serious in group-housing conditions. Good
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management – for example, a good feeding system
and the maintenance of stable groups – can mini-
mize fighting and consequent injury, but injury can
have a serious detrimental effect on welfare in a
poorly managed system. Where sows are attacked
by others, the lesion can be quantified in a precise
way (Gloor and Dolf, 1985). Any system for keep-
ing sows that results in high levels of fight that
cause injury, vulva-biting or tail-biting is clearly
bad for the welfare of at least some of the pigs. This
topic is considered further, below, in relation to
behavioural and physiological measures.

Activity and responsiveness

Abnormally low levels of activity and lack of
responsiveness to events in the surrounding world
have been proposed as indicators of poor welfare
in pigs (van Putten, 1980; Wiepkema et al., 1983).
Several authors have reported that sows confined in
stalls or tethers are inactive for longer periods than
are sows in groups. Sow activity is affected by par-
ity, stage of pregnancy, extent of lameness and
stereotyped behaviour. If inactivity – with associ-
ated unresponsiveness – and stereotyped behaviour
are alternative strategies which sows use to try to
cope with adverse conditions, the gross measures of
the activity of sows in a particular housing condi-
tion are not very useful. It is better to study individ-
ual animals in detail and to try to assess
responsiveness in a precise way. In a series of exper-
imental studies on the responsiveness of sows
(Broom, 1986d, e, 1987a), stall-housed sows were
found to be less responsive to stimuli other 
than food presentation than were group-housed
sows. There was, however, considerable variation
amongst the stall-housed sows in this respect.

Stereotypies

Confined sows are not able to groom normally (van
Putten, 1977), they may have difficulty thermoreg-
ulating, most are fed small volumes of food infre-
quently, they cannot interact normally with other
sows and they cannot move away from people or
other potentially hazardous stimuli. One response
shown by a variety of animals to such situations
where the individual has little control of its envi-
ronment is to show a stereotypy such as bar-biting,
manipulating the tether-chain or drinker- or sham-
chewing (see Fig. 23.2). Such behaviour is occa-
sionally shown by group-housed sows, but the

mean frequency is extremely low. Examples of
reported total duration of stereotypies in stall-
housed sows are generally 10–29% of time active,
but some individual tethered sows – watched by
Cronin and Wiepkema (1984) – performed stereo-
typies for a mean of 80% of daytime observation
periods. The figures obtained in such studies
depend upon the efficiency of the recording
method, especially on the use of video recording.

Many reports of low incidence of stereotypy are
a result of failure to notice some stereotypies such
as sham-chewing, and there may be some reduction
in the incidence of stereotypies when human
observers are present. In the comparison of sow
welfare by Broom et al. (1995), the greatest differ-
ence between the animals in the different housing
conditions was the much higher level of abnormal
behaviour in the stall-housed sows than in either of
the group-housing conditions. Stereotypies, such as
bar-biting and sham-chewing, and behaviour that
included a substantial stereotyped component such
as drinker manipulation and rooting in the trough,
were much more common in the confined sows
(Broom et al., 1995).

Diet can have an effect on stereoptypies. If added
roughage is in the form of a manipulable material
such as unchopped straw, there can be considerable
reduction in stereotypies. The addition of high bulk
material to concentrates caused a redistribution of
stereotypies but no net change in total duration in
one study (Broom and Potter, 1984). A high level of
feeding (4 kg/gilt/day) resulted in much lower levels
of stereotypies than a low level (1.25 kg/gilt/day) in
a study by Appleby and Lawrence (1987).

However, the sows in the study by Broom et al.
(1995), which were fed at a commercial level of 2.2
kg/day rather than the low level of 1.25 kg/day
used by Appleby and Lawrence (1981), showed
very little stereotypy in the group-housing con-
ditions but much stereotypy in the stalls. The
stereotypies are an indicator of poor welfare and
they are frequent in most sow stall and tether 
units. The relatively low levels at which pregnant
sows are commonly fed may be a contributory
factor to poor welfare, but the confinement itself
must be a major part of the problem for the 
animal.

Aggressive and other injurious behaviour

The welfare of an animal that is injured by another,
or which is often pursued by another or whose
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movements are severely restricted by the presence
of other dominant individuals, is poor. Aggression
is frequent in tethers and stalls, probably because
disputes cannot be resolved, and so they escalate
(Broom et al., 1995). Some farmers using group-
housing systems for sows report serious fighting
and extensive wounding. The extent of this fighting
is greatest if there is competition for food. A group-
housing system with well-designed individual feed-
ing stalls allows all sows to feed all at once, with no
aggression being possible during feeding, so this
would seem to be a good system on welfare
grounds (see Fig. 29.3).

The electronic sow-feeder system has the advan-
tage that sows receive their own individual ration
but the disadvantage that only one sow can feed at
a time, so sows tend to queue for feeder access.
Early versions of electronic sow-feeder systems had
disadvantages that led to considerable problems of
bitten vulvas and other injuries. These included
poor design and positioning of the feed crate, e.g. a
back gate which did not prevent contact by sows
behind, a rear exit-only system, a gate which
allowed other sows to follow the first in or a feeder
positioned in a lying area. Work on management
and studies of behaviour (Hunter et al., 1988) in
electronic sow-feeder systems has shown that effi-
cient training, a sufficient number of feeders, once a
day feeding, stable grouping, front-exit feeders and
a good bedded lying area or kennel can result in
few welfare problems. Damaging aggression was
absent in all conditions in the study by Broom et al.

(1995), but the level of aggressive behaviour was
highest in the stall-housed sows.

In another group-housing system – the family
pen system in which boars and offspring are pres-
ent with the sows – there is very little aggression
(Stolba, 1982; Wood-Gush, 1983). The sows have
a more diverse and interesting environment in this
system and there are seldom any indicators of wel-
fare problems. Even more is demanded of the
stockman running this system, however, so there
might be risks to welfare if an inefficient stockman
was involved.

Adrenal and other physiological measures

Measurements of plasma glucocorticoid levels and
measurements of heart rate are useful indicators of
the welfare of animals subjected to short-term pro-
cedures such as handling and transport. Assays of
single blood samples or measurement of heart rate,
however, are of little use when the long-term effects
of housing systems are being evaluated. The evalu-
ation of responses to an ACTH challenge after var-
ious previous housing conditions is of some
interest, although precise interpretation is rather
difficult. Barnett et al. (1984) compared the cortisol
responses to loading and transport and to ACTH
challenge in sows previously kept in tethers, pairs
or groups. The tethered sows showed a greater
response to the transport and some sign of a higher
response to ACTH challenge, but there were also
high responses from some animals in pairs. Barnett
et al. (1981) had found that tethered sows had
higher plasma cortisol levels than stall-housed
sows, and a further study (Barnett et al., 1987)
showed that this higher level could be reduced by
using wire mesh between the tether stalls. These
results may not, however, reflect long-term
responses to the housing. conditions. Measurement
of opioid receptors in the brain has provided evi-
dence of differences in coping methods used by
sows (Zanella et al., 1996, 1998).

Studies of preferences and the improvement
of welfare

In designing systems for keeping sows, studies of
how sows preferred to spend their time in an exten-
sive and varied outdoor environment are useful
(Stolba et al., 1983). Sows in fields (see Fig. 29.4)
spend much time rooting, and Hutson (1989)
found that pigs will carry out operant responses
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Fig. 29.3. Sows can be fed individually in feeding stalls
so as to minimize aggression. Most feeding stalls are
closed at the back when the food is provided. The
majority of such systems are for sows kept indoors
(photgraph courtesy of D.M. Broom).



many times where the opportunity to root in earth
is the reinforcer.

The extensive usage of straw as a material to
manipulate is clear from many studies on sows, e.g.
Jensen (1979). Straw may not be the only material
that serves this purpose, and its beneficial effects
may not counteract all the effects of an otherwise
adverse environment, but its use should be consid-
ered in all systems where no comparable material is
present.

Farrowing Sows and Suckling Piglets

One major welfare problem in all countries is the
high level of piglet mortality within the first few
days of life (Marchant et al., 2000). In the UK
(DEFRA, 2006), 10.3% of piglets born alive fail to
survive to weaning, while in Denmark the figure
was 12.5% and in the Netherlands 13.4%. The
most important cause of death in young piglets is
overlying by the sow. Piglets may be squashed and
killed or may be weakened so that they are less
likely to be able to suckle and more likely to suc-
cumb to diseases. Selection by breeders has resulted
in a substantial increase in the size of the modern
sow in relation to her wild ancestor, but much less
change in the size at birth of the piglets and some
tendency for maternal behaviour to be impaired
(Marchant et al., 2001).

Diseases are also a major factor in piglet mortal-
ity, and the likelihood of serious disease effects is

dependent upon the absorption of immunoglobu-
lins from colostrum. A summary of the factors
leading to inadequate colostrum or milk intake by
piglets is shown in Fig. 19.12. Piglet weakness and
mortality is clearly a major welfare problem, as
well as being a great economic problem for the
farmer. When sows farrow in straw-bedded pens,
some piglet mortality occurs, especially if the straw
is not very deep. Mortality is higher if no bedding is
present but can be reduced if the piglets can be
attracted away from the sow, except when suck-
ling, from an early age. The use of creeps, which
allow piglets into one or more areas which the sow
cannot reach, facilitates this.

When pig farmers tried to put more farrowing
pens into a building and cut labour costs by reduc-
ing the size of the pens and not using straw, the
piglet mortality increased dramatically. The use of
a farrowing crate (see Fig. 29.5) in this situation
reduced mortality, and various versions of the far-
rowing crate are now very frequently used on pig
farms. Piglet survival is improved by using a warm
creep area and bars on the farrowing crate, which
minimize the chance that the piglet will move under
the sow – but overlying is still a problem.

Farrowing crates are widely used in commercial
practice, but restrict sow movement and have
received an increasing amount of criticism in recent
years due to evidence that such restriction must
impair welfare (e.g. Cronin et al., 1991; Lawrence
et al., 1994; Arey, 1997; Edwards and Fraser,
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Fig. 29.4. Sows kept in a field with arks to shelter in
can walk, run, root and carry out a wide range of other
activities. The best fields are those with shallow soil and
stones or rock near the surface for these do not get too
muddy. Welfare can be poor in very cold conditions
unless bedding is provided (photograph courtesy of
D.M. Broom).

Fig. 29.5. Sow in a farrowing crate (photograph
courtesy of D.M. Broom).



1997). Various alternative systems have, therefore,
been developed which are less restrictive for the
sow and allow varying degrees of freedom of move-
ment (Arey, 1997). These systems may be divided
into: (i) group-farrowing systems, where sows
share a communal area and can build an individual
nest (Gotz and Troxler, 1993; Cronin et al., 1996;
Wechsler, 1996); and (ii) pen systems, which con-
fine the sows individually, without a common com-
munal area, but allow some freedom of movement.

Examples of this latter system include the turn-
around crate (McGlone and Blecha, 1987), the
‘Ottawa’ crate (Fraser et al., 1988), the ellipsoid
crate (Lou and Hurnik, 1994; Rudd and Marchant,
1995), the slope-floor pen (McGlone and Morrow-
Tesch, 1990) and the farrowing box (Schmid,
1991).

Various problems have been encountered with
both group and pen systems, as they may be diffi-
cult to manage (e.g. Arey, 1997) or result in high
piglet mortality due to crushing. However, there
have been some small-scale successes (e.g. the
‘Ottawa’ crate and the ellipsoid crate), but any ben-
efits to the sow – such as greater freedom of move-
ment – must be balanced against the costs to piglets
in increased mortality due to crushing and stock-
people in any increased management difficulties.
Group-systems have the advantage of allowing the
sow considerable freedom of movement and the
opportunity to integrate back into the group
shortly after farrowing, but introduce added diffi-
culties due to the possibility of social aggression.
An individual pen system may therefore provide a
solution in providing stockpeople with good pro-
tection, piglets with an area to avoid sow move-
ments, i.e. being crushed, and the sow some degree
of freedom of movement for the performance of
behaviours including nesting behaviour. Any
replacement to the farrowing crate must provide
good welfare for sows, piglets and stockpeople.

After farrowing, the sow’s environment is inter-
esting because she is frequently visited by piglets.
She is very restricted in her movements, however,
and she cannot move much towards the piglets.
Therefore, it would seem to be a rather frustrating
situation for the sow. Before farrowing, sows will
build large nests if they are given the opportunity,
and there are indications that the inability to build
a nest is frustrating for the sow (Lawrence et al.,
1994). Overall, the widely-used farrowing crate is
easy to manage but is far from ideal for the sow.
Research on alternative farrowing accommodation

is being carried out, but much more work is needed
in this area.

Piglets and Fattening Pigs

The young piglet is often subjected to a series of
operations within its first few days of life. In many
countries the piglet is picked up, injected with iron
supplement and sometimes antibiotics, tail-docked
and castrated, all without anaesthetic. In experi-
mental studies of the response to castration, this
operation leads to increased high-frequency calls 
(> 1000 Hz) or screams, as compared with sham-
manipulated or anaesthetized pigs (Weary et al.,
1998; Taylor and Weary, 2000; Prunier et al.,
2002; Marx et al., 2003). These calls are accompa-
nied by physical resistance movements and an acti-
vation of the sympathetic nervous system, as
demonstrated by an increase in heart rate (White et
al., 1995) and adrenal cortical activity (Prunier et
al., 2004). Analysis of the calls during the overall
procedure of castration suggests that pain is more
acute during extraction of the testes and severing of
the spermatic cords (Taylor and Weary, 2000). This
is further supported by the observation that local
anaesthesia is most effective by reducing behav-
ioural resistance when the cords are cut (Horn et
al., 1999).

In parallel with these physiological reactions,
behaviour is modified. Castrated pigs spend less
time at the mammary glands massaging or suckling
(McGlone and Hellman, 1988; McGlone et al.,
1993; Hay et al., 2003). They remain more inactive
while awake, they show more pain-related behav-
iours (prostration, stiffness, trembling) and tail-
wagging, they frequently seek solitude and their
behaviour is more frequently desynchronized com-
pared with uncastrated control piglets (Hay et al.,
2003). Castration without anaesthesia or analgesia
leads to immunosuppression (Lessard et al., 2002).

A traumatic event encountered by each piglet on
commercial farms is weaning. As described by
Jensen (1986), piglets left with their mother are
weaned after 10 weeks of age, but the common
commercial practice is to wean at 3 or 4 weeks of
age.

Such early weaning has considerable effects on
the piglets, leading to poor welfare. The absence of
the mother and her teats from which milk can be
obtained forces the piglet to look for food else-
where and leads to much nosing and sucking of
other piglets. Belly-nosing is an up-and-down mas-
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saging movement with the snout placed under the
belly of other pigs, often described as being shown
frequently by early-weaned piglets (van Putten and
Dammers, 1976; Schmidt, 1982). During or after
belly-nosing, the genitalia or navel may be sucked
and urine drunk. Anal massage may also occur and
can lead to lesions with bleeding (Sambraus, 1979).
Piglets may be chased around in a pen by those
attempting belly-nosing, etc., and it seems likely
that their welfare is adversely affected by the chas-
ing, the inability to escape and by injuries which
may result. The piglet that is attempting belly-
nosing, etc. or snout-rubbing and sucking on floor,
wall or bars is manifesting its desire to suck, which
would be directed at the sows’ teats had these still
been available. The persistence of such behaviour
gives some indication of the extent to which the
piglet feels deprived.

Another welfare problem arising at the time of
weaning is fighting. If piglets from different litters
are mixed after weaning they interact in various
ways, including fighting, as would be expected
when they have to establish new social relation-
ships. Such fighting can result in injuries. As with
belly-nosing, the major problem arising is probably
that of the individual that is continually being
chased around the pen by one or more other
piglets. If piglets are provided with the opportunity
to hide their heads in a ‘pop-hole’ or to hide behind
a barrier in the pen (see Fig. 29.6), belly-nosing and
chasing can be reduced (McGlone and Curtis,
1985; Waran and Broom, 1993). Fighting may be
reduced by the use of tranquillizers at the time of
mixing piglets, but there is no evidence that this
improves the subsequent welfare of the piglets.
Fighting when pigs are mixed is a greater problem
with older pigs since they can inflict much more
serious injuries on one another, so mixing of pigs
should be avoided.

The amount of space available to piglets or fat-
tening pigs affects their ease of movement, thermo-
regulation, defaecation, exploration, ability to find
an adequate resting place and ability to avoid the
undesirable attention of others. It is not just the
area of floor that is of importance, however, but the
quality of space available. When assessing the
space requirements of pigs, all of their movements
during lying and standing need to be taken into
account (Petherick, 1983a). Other factors that
should also be considered are: (i) the provision of
adequate separate lying and dunging areas (Baxter
and Schwaller, 1983); (ii) the possibility of feeding

without there being a high possibility of attack by
others; and (iii) the possibility of avoiding serious
attack, etc. by others.

In calculating the amount of space needed by
pigs, Petherick (1983a), expressed the area (A) in
m2, as a relationship with body weight (W):A =
kW2/3. The factor k differs according to the posture
adopted by the pig and, as explained in EFSA
(2006), to all of the movements that the animal has
to perform in order that its needs can be met. As k
increases from a low space allowance value, per-
formance such as weight increases (Edwards et al.,
1988; Gonyou et al., 2004). Meunier-Salaun et al.
(1987) argue that behavioural and physiological
responses are earlier and more sensitive indicators
of adaptation to the environment than productiv-
ity. The conclusion reached by EFSA (2006) was
that in order for pigs to be able to have separate
dunging and lying areas, to thermoregulate ade-
quately at temperatures that may exceed 25°C and
to move around when some are lying, and to inter-
act socially (Arey and Edwards, 1998; Spoolder et
al., 2000; Aarnink et al., 2001; Turner et al., 2001),
the value for k should be 0.047.

Another major welfare problem for fattening
pigs is having to stand on inadequate flooring. Pigs
may trap their claws, suffer abrasion injuries or
break or strain their legs because the floors are slip-
pery. Old concrete floors and old slats cause special
problems, but some of the newer floors for piglets
or older fattening pigs are clearly very uncomfort-
able for the animals to stand and move on. Beattie
(2000) found that the pigs in an environment that
includes straw spent more time in exploratory
behaviour and less time inactive or engaged in
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Fig. 29.6. The barrier in this pen allows piglets to hide if
chased (photograph courtesy of D.M. Broom).



aggressive behaviours toward pen-mates than pigs
in slatted floor housing. The pigs in the barren
environments persistently nosed and chewed their
pen-mates. Kelly et al. (2000) found that the be-
haviour of weaners weaned at 3 weeks was less
directed at pen-mates and the pen and more
towards straw if pigs were raised on either deep-
straw or straw-flow systems compared with pigs
housed in flat-deck systems with expanded metal as
flooring. Hence, tail-biting is less likely if straw is
provided (Zonderland et al., 2004).

Young pigs prefer places with straw (Steiger et
al., 1979) and prefer solid floors to slatted floors
(Marx and Mertz, 1987), especially if the former
have straw available. Ducreux et al. (2002) found
that pigs preferred to rest on litter and not on slats,
the more so if they had been reared at lower tem-
peratures. Pigs preferred not to walk on slats if
these allowed a claw to go into the slot (Greiff,
1982). Where solid floors are used, it is easy to sup-
ply pigs with straw or other manipulable materials.

The provision of straw leads to reduced bursitis
and other pathologies (Pearce, 1993). If floors are
slatted, or partly slatted, the manure disposal 
system can be such that straw, etc. can be disposed
of. This is done by incorporating chopping equip-
ment in the manure disposal pipe so that it is not
blocked by manure or straw.
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30 The Welfare of Poultry

Introduction

Human attitudes to poultry often differ from those
to domestic mammals. The chicken is less often
thought of as an individual and few people would
ascribe much intellectual ability to it. These atti-
tudes are partly a consequence of the very large
numbers of these animals that are kept in one
place, partly to the fact that they are birds and
therefore harder for a person to identify with than
are the larger mammals, and only slightly because
of any real difference in intellectual ability. In fact,
when individual chickens are put into experimental
learning situations that are not frightening to the
birds, they perform quite well. Their sensory abil-
ity is very good when compared with that of man
and their social organization is complex, requiring
considerable ability in learning and memory in
order to maintain it.

The chicken is too often seen in a situation where
its fear of man dominates most of its activities.
Hence, the average member of the public or chicken
farmer is unable to assess adequately its behavioural
complexity and awareness of its environment. These
attitudes to chickens, and to a lesser extent to other
poultry, have had a considerable influence on man’s
assessment of what conditions these animals need
and what treatment they can tolerate. Those who
have studied the behaviour of the domestic fowl in
detail (Appleby et al., 2004), especially those who
have looked at feral fowl (McBride et al., 1969;
Wood-Gush et al., 1978), inevitably acquire much
respect for the members of this species. There are
few differences in behaviour between the wild
Burmese red jungle fowl (Gallus gallus spadiceus)
and the domestic form (Gallus gallus domesticus),
and the diversity of calls, displays and other behav-
iour are very impressive. The modern concept of
rank order, or peck order, in a social group origi-
nated from work on chickens (Schjelderup-Ebbe,
1922; Guhl, 1968), and has been developed sub-
stantially by further work on this species.

The examples of welfare problems reported in
this chapter start with those of the domestic hen,
because most work has been carried out on this
species and because of its numerical importance.
The domestic fowl is the most common bird in the
world, with numbers estimated at 9–10 bn. It is a
very successful species and it can reasonably be
said that it exploits man very effectively. If there
are widespread welfare problems in this species,
however, then enormous numbers of individuals
may be affected. Hence, the welfare of chickens is a
very important subject. The two main sections in
this chapter concern the effects on welfare of hous-
ing systems for hens kept for egg production (see
Newberry, 2004) and of housing for broilers kept
for chicken meat production (see Weeks and
Butterworth, 2004). Welfare problems in breeding
hens, in the rearing of young chickens and in rear-
ing turkeys, ducks and geese are then discussed. A
key issue for all of these birds is whether welfare is
worse in large groups. A review of data by Estevez
et al. (2007) indicates that, in the main, for poultry
species, where sufficient space is available larger
group size is not associated with increased aggres-
sion. There is a greater need for farm staff to look
carefully at individuals to check for problems when
numbers are large.

The important problems associated with the
handling and transport of poultry are discussed in
Chapter 21.

Laying Hens

The needs of hens

As explained in Chapter 1, animals have needs for
particular resources and needs to carry out actions
whose function is to obtain an objective. Needs can
be identified by studies of motivation and by assess-
ing the welfare of individuals whose needs are not
satisfied. Unsatisfied needs are often, but not
always, associated with bad feelings, while satisfied
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needs may be associated with good feelings. When
needs are not satisfied, welfare will be poorer than
when they are satisfied. The needs of hens are sum-
marized below (Broom, 1992, 2001). These needs
include basic biological functioning and the means
to achieve this by carrying out a variety of activities,
responding to certain stimuli and maintaining cer-
tain physiological states. High levels of motivation
related to these needs are not continuous:

● Obtain adequate nutrients and water.
● Grow and maintain themselves in such a way

that their bodies can function properly.
● Avoid damaging environmental conditions,

injury or disease.
● Be able to minimize the occurrence of pain, fear

and frustration.
● Show certain foraging and investigatory

movements.
● Have sufficient exercise.
● Show preening and dust-bathing behaviour.
● Explore and respond to signs of potential

danger.
● Interact socially with other hens.
● Search for, or create by building, a suitable nest

site.

Management systems

Hens kept for egg-laying were largely maintained
in free-range conditions in most countries until
1950. The birds were normally shut up in some
sort of house at night, but were able to roam
around a farmyard or field throughout the day.
There was then a change to indoor housing on deep
litter for a period of 10–15 years followed by a fur-
ther change to the use of battery cages in controlled
indoor environments. During the 1990s, concern
about hen welfare led to an increase in free-range

and barn egg production (see Table 30.1). The cost
of 12 eggs for a consumer in 2005 was 34p (UK,
100p = £1) for battery eggs and 68p for free-range
eggs, so the value of the battery and free-range egg
production was almost equal (DEFRA, 2006).

Free-range systems are those where hens are kept
with access to an open area at a stocking density
defined by regulation in the European Union (EU).
The first use of rows of cages for hens in a building
where the physical conditions could be controlled
occurred in the USA in the 1930s. Such rows could
be called a battery of cages, so the term ‘battery
cage’ gradually became widespread as the system
developed. Modern battery houses (see Fig. 30.1)
allow separation of the birds from their faeces to a
greater extent than some other systems, and this
has advantages for disease and parasite control.
The faeces may be carried away by a belt under the
cages or may fall directly or via deflectors into a
pit. Figure 30.2 shows some designs of battery
houses. Disease is further reduced by the all-in–
all-out management system. Hens are brought into
a clean, empty house shortly before they start to lay
and they are all removed for slaughter at the same
time when they are about 72 weeks old. The num-
ber of birds in a cage is commonly five in European
countries but is often more in North America. The
average temperature, humidity and ventilation
throughout the house can be controlled with some
accuracy. Water is usually available continuously
from drinkers, and food is supplied regularly and
usually automatically by a moving chain or belt.

There can be modifications of battery cages that
reduce the incidence of injuries but do not give 
the animal more freedom to carry out normal 
behaviour. Furnished cages have been designed 
that have a perch, a nest box and a sand bath,
where dust-bathing is possible. These cages can
have automatic food provision and egg-removal
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Table 30.1. Different methods of keeping laying hens in the UK (from Ewbank, 1981;
DEFRA, 2006).

Year Free range (%) Deep litter (%) Battery cages (%)

1948 88 4 8
1956 44 41 15
1961 31 50 19
1965 16 36 48
1977 3 4 93
1981 2 2 96
1998 15 5 79
2005 30 6 64
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Fig. 30.1. Hens in
battery cage
(photograph courtesy
of D.M. Broom).

(a) (b)

(c)

(d)

Inlet

1.7 m 0.7 m catwalk

Droppings
pit2 m 10 m Fan o

Fig. 30.2. Battery cage houses: (a) vertical cages; (b) semi-stepped cages; (c) fully stepped cages; and (d) flat-deck
cages over deep pit for droppings. Some modern systems have more tiers of cages (from Sainsbury and Sainsbury,
1988).
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Fig. 30.3. Hens in furnished cage with perches, nest box and dust bath (photograph courtesy of D.M. Broom).

mechanisms (see Fig. 30.3). At present, such cages
are the same height as battery cages or a little taller,
to allow the perch to be used, but sufficient space
for birds to stretch and flap their wings could be
provided in a taller cage with a floor area a little
larger than the conventional cage.

Since major problems for a hen in a battery cage
seemed to be lack of space and inability to escape
from a bird that is pecking it, the get-away cage was
designed by Elson (1976). This was developed fur-
ther in the Netherlands (Brantas et al., 1978) and in
Germany (Wegner, 1980). These cages (see Fig. 30.4)
house about 20 hens on two levels and they have
nests, perches and a sand-bathing area. As explained
later, they were not successful.

The deep-litter system in which many hens were
housed together on some sort of litter, or partly on
slats, in a building with many nest boxes was very
widespread in the early 1960s (see Fig. 30.5). The
space allowance for hens was commonly 0.18 m2

for heavy breeds and 0.14 m2 for light breeds, if
slats were provided, and 0.27–0.36 m2 per bird if
there were no slats (Sainsbury, 1980). In the deep-
litter system the hens have most of the space avail-

able to them, whereas in small cages with the same
space allowance the birds can take only a few paces
before reaching the end of the cage. The deep-litter
system is in widespread use for breeding birds so it
is generally acceptable to the poultry industry
except for the extra difficulties in collecting eggs as
compared with a battery house. However, most of
the volume of a building is not utilized in contact to
multi-level battery houses or modern tiered floor
systems. Hence the building cost per egg produced
is high for a deep-litter house.

The perchery is a development from the deep-
litter house in which birds are not just on the floor,
but they have rows of perches at different levels in
the building that they can and do use. One problem
arising in houses with many perches is that some
young birds come into the house and do not use the
perches. Appleby (1985) found, however, that
perch use was almost universal if perches had been
available to the hens when they were young chicks,
so early experience of perching is important.
Percheries have now been superseded by aviaries.

The range of intermediates between the get-away
cage and the perchery includes aviaries such as
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Fig. 30.4. Sectional diagrams of two forms of get-away cage (dimensions in mm). (a) Get-away cage with roll-away
nest ± droppings pit; (b) get-away cage with roll-away nest and sand bath (from Wegner et al., 1981).
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Fig. 30.6. Voletage for hens (after Fölsch et al., 1983).

Fig. 30.5. Hens in deep-
litter system.

voliere, volierenstall, voletage, Rihs Boleg 1, Rihs
Boleg 2, Natura, Hans Kier unit and tiered wire
floor units. The aviary has extra floors of wire or
slats with feeders, drinkers and nest boxes. Tiered
wire-floor units have four or more tiers whose floors
allow droppings to go through on to a conveyor belt

below that removes them. There are usually perches
above the top tier, and adjacent stacks of tiers are
staggered to facilitate jumping from tier to tier by
the birds. The floor of the building has litter on it so
hens can scratch in it. There are stacks of nest boxes
on the side walls (see Figs 30.6, 30.7 and 30.8).
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1, 2, 3, 4, 5, 6: tier numbers
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Fig. 30.7. The tiered wire floor system for housing of laying hens, with the following characteristics: (1) three tiers of
floors – the upper floor is a resting area; (2) bordering wire floors mounted at unequal heights to create a staircase
effect; and (3) litter covering all of the ground floor area (from Dutch Society for the Protection of Animals, 1986).

Housing and Management in Relation to
the Needs of Hens

Space for movements

If hens need to carry out a range of normal move-
ments, how much space is required for these?
Measurements of the space occupied by a hen
when carrying out such movements have been
made (Dawkins and Hardie, 1989; Table 30.2).

If there are five hens in a cage these hens will not
show all of the different movements simultaneously,
and some hens might be relatively inactive while
one bird uses more space. Some possible combina-
tions of movement are considered in Table 30.3. It
is clear from the calculations presented in this table
that a cage for five hens, allowed 450 cm2 each and
hence occupying 2250 cm2, severely inhibits
normal movements. Wing-flapping is not possible
with commonly used cage heights of 50 cm or 
less.

If hens are allowed more space than 450 cm2

per bird, the amount of disturbed behaviour shown
is decreased (Hughes and Black, 1974; Hansen
1976; Zayan and Doyen, 1985; Cunningham et al.,
1987; Nicol, 1987a). Hens will work for a larger

space allowance of up to 1125 cm2 per bird and
they continue to space themselves out in cages of
1410 cm2 per bird but, in much larger space
allowances of 5630 cm2 per hen, they cluster. The
effects of space allowance on the extent of injuri-
ous behaviour are not a linear relationship in bat-
tery cages (Polley et al., 1974; Al-Rawi and Craig,
1975), but depend upon the complexity of the
environment. In order to provide opportunities for
escape and to hide from birds that tend to feather-
peck or cause tissue damage by pecking, more
space allowance than that normally provided in a
battery cage is needed. Such escape possibilities are

Table 30.2. Area required by hens for different
behaviour patterns.

Activity Area required (cm2)

Standing 428–5922
Turning 771–1377
Preening 818–1270
Ground-scratching 540–1005
Wing-stretching 653–1118
Wing-flapping 860–1980
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Fig. 30.8. Tiered wire floor
system: (a) ground level;
(b) mid-level; (c) upper
level (photographs
courtesy of D.M. Broom).

(a)

(b) (c)



important in order to minimize injuries caused by
other birds. As long as these are available, the level
of injurious behaviour can be low at various space
allowances.

Bone fragility

The diet of hens is adequate for bone development,
with calcium and vitamin D being key factors, but
the bones of hens from battery cages break easily.
In a series of studies, 25–40% of end-of-lay hens
from battery cages were found to have at least one
broken bone following handling prior to stunning,
and 98% of carcasses had a broken bone (Gregory
and Wilkins, 1989; Gregory et al., 1990, 1991).
The numbers of broken bones from percheries and
aviaries were much lower, although hens from
poorly designed or over-crowded percheries some-
times broke bones in the living conditions. The
strength of the bones in wings and legs were
reduced if there was insufficient opportunity for
exercise. Birds that lived in cages in which they
could not flap their wings had wing bones that
were only half as strong as those of birds in a
perchery that could and did flap (Knowles and
Broom, 1990; Nørgaard-Nielsen, 1990).

Investigatory pecking and dust-bathing

Chickens strongly prefer litter floors to wire floors
(Dawkins, 1982; Appleby et al., 1988). The oppor-
tunity to peck at objects on the floor, scratch on the
floor and dust-bathe in a suitable substratum
reduces the likelihood that injurious behaviour will
be shown by hens and broiler breeders (Blokhuis,
1986; Vestergaard et al., 1990; Kjaer and
Vestergaard, 1999). Studies of the developmental
and motivational basis of feather-pecking behav-

iour indicate links with deprivation of ground-
pecking and dust-bathing opportunities.

Avoidance of injurious pecking

Hens may peck other hens in the course of investi-
gation, attempts to obtain feathers, food-finding or
aggression. In chickens, aggressive pecks are dis-
tinctive, forceful, usually downward pecks aimed
at the head or dorsal region of another bird (Kjaer,
2000). Recipient birds tend to move away to avoid
being pecked. Feathers are sometimes damaged,
but this is usually restricted to the head region
(Bilcik and Keeling, 1999). The term ‘aggression’ is
sometimes used within the chicken industry to
describe feather-pecking or cannibalism. However,
social aggression is quite distinct from these behav-
iours both in form and origin (Savory, 1995).
Pecking of the cloaca is probably motivated in a
similar way to food-searching, but cloacal canni-
balism causes physical damage. It is often also
reported to be common in birds showing produc-
tion diseases and infections like salpingitis
(Engström and Schaller, 1993; Abrahamsson et al.,
1998; Tauson et al., 1999). Feather-pecking is dis-
cussed later.

Nest boxes and egg-laying

An appropriate nest box is used by almost all hens
if readily accessible (Wood-Gush, 1975), and
behaviour is clearly disturbed if none is available.
The abnormal behaviour most frequently observed
when no suitable nest site is present is stereotyped
pacing (Wood-Gush and Gilbert, 1969; Fölsch,
1981; Heil et al., 1990). This stereotypy is a sign of
long-term, intense frustration.
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Table 30.3. Space required for hens in a cage holding five birds.

Total Space per 
Activity space (cm2) bird (cm2)

Four hens crowded together plus one wing-flapping 2720 544
Four hens crowded together plus one wing-stretching 2185 437
Four hens crowded together plus one preening 2342 468
Three hens crowded, one turning, one wing-flapping 3469 694
Two crowded, two turning, one wing-flapping 4218 844
Four hens standing, preening 3074 615
Four hens standing, one wing-flapping 3460 692
Two hens standing, two turning, one wing-stretching 4050 810
Two hens standing, two turning, one wing-flapping 4584 917



Perching

Perches are preferred resting places for all but the
youngest chickens. The design should be right, and
early experience of perches facilitates effective use
(Appleby et al., 1993). The presence of perches can
increase leg strength (Hughes and Appleby, 1989).
Where cloaca-pecking is a possibility, the perch
should not be sited at such a height that the heads
of some birds are level with the vents of others.
This has been an important reason for the failure of
some ‘get-away’ cages – because of injurious peck-
ing (Moinard et al., 1998).

Lighting

If domestic fowl are kept in low light levels they are
not able to show normal exploratory behaviour. At
the lowest levels, eye development is impaired. A
review by Manser (1994) indicated clear welfare
problems at light levels < 20 lux. Kristensen et al.
(2007) have found that chickens prefer certain kinds
of fluourescent lighting to incandescent lighting.

Beak-trimming

Mutilations involving tissue damage are painful at
the time of the operation and can sometimes cause
neuromas that result in lasting pain. Beak-
trimming also seriously impairs sensory input and
pecking behaviour. The effect on welfare of beak-
trimming is substantial, but is much greater if neu-
romas are present.

Problems with Systems

Free-range hens

If hens are left in a free-range unit for some time
without being moved to a new area, the risk of dis-
ease is high. For example, Löliger et al. (1981)
reported that the incidence of worm infestation and
coccidiosis was at least ten times higher, and there
was also a rather higher incidence of predation by
birds of prey in free-range systems that they studied
than in battery cages. Both disease and predation
must be considered when welfare is assessed (see
Fig. 30.9). In addition, free-range birds are subject
to extreme weather conditions, and their welfare
may be so poor during extreme winter weather that
their egg production is substantially reduced.
Hence, welfare can be very poor in free-range units,
but these problems are solvable.

If stocking density is high, the risk that parasites
and diseases transmitted via faeces will have signif-
icant effects should be reduced by moving the ani-
mals to fresh ground. The effects of inclement
weather can be reduced by providing well-insulated
and ventilated houses. Domestic fowl are, by ori-
gin, a tropical species, so in winter conditions the
hens may seldom venture outside. Therefore, these
houses need to be almost as good as the indoor
group-housing accommodation. Hens often stay
indoors during periods of rain or wind and cold, so
the problems of aggression and house design
referred to later in this chapter are relevant to free-
range hens. The fact that conditions may effectively
prohibit free-range hens from going outside is often
not appreciated by those who advocate such sys-
tems without qualification.

Most hens, however, do utilize the opportunity
to walk, flap, scratch, peck and interact socially in
range conditions. It is clear that welfare problems
can be reduced to a very low level by free-range
accommodation for hens, but it is quite possible
that all of the advantages to the hen of free range
can obtain within a well-designed building.

Cages

Low disease incidence, good air conditions, constant
water supply and a regular supply of a well-balanced
diet are all advantages of the battery cage system in
the maintenance of good welfare. Against these
advantages must be set an array of disadvantages.
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Fig. 30.9. Free-range hens are vulnerable to predation
from predators like foxes and birds of prey, so this unit
has a good fence and nothing over the outside area
(photograph courtesy of D.M. Broom).



One important risk for animals in any building
with automatic systems is that these may fail.
Drinkers may become blocked, food conveyers
may fail to convey food to some cages or ventila-
tion and heating systems may cease to work effec-
tively. In each of these situations, and in those
where birds become ill or trapped, alarm systems
and careful inspection are needed. The inspection
of birds in many battery cages is relatively easy: the
good stockman can check regularly on every bird in
a battery house and identify some severe welfare
problems. It is well known, however, that inspec-
tion is much less efficient if the birds are in the bot-
tom row of cages or in a row the stockman cannot
see.

As Elson (1988) points out, the bottom row
should not be too low for inspection and, if there
are many tiers of cages, it is essential that gantries
there are positioned so as to allow inspection of the
upper tiers. Another risk of poor welfare in all
houses accommodating animals is fire. All animals
should be kept in such a way that they can be evac-
uated from their building in case of fire. It would
take a long time to open all the cages in a battery
house containing 100,000 birds, and birds that
have lived in a cage for a long period might not
leave the cage readily even if the building was on
fire. This is a serious inadequacy of the system, as
there are sometimes cases of battery houses burn-
ing down. Fire alarms and sprinkler systems could
help to reduce the risk, but it will always remain a
serious problem.

Many of the problems for a hen in a battery cage
are a consequence of things that she cannot do. She
cannot move freely, flap her wings, perch, build a
nest before oviposition, scratch for food, dust-
bathe or peck at objects on the ground. The conse-
quences of such deprivations are frustration,
pecking at other birds and certain abnormalities of
growth and body form. The evidence concerning
the resultant poor welfare will now be summarized.

Free-range hens walk much more than those
kept in cages or in groups on a wire floor (Fölsch,
1981). Wing-flapping is entirely prevented in bat-
tery cages and there is a reduction in the total
amount of comfort behaviour carried out in a cage
as compared with group housing or free range
(Hughes and Black, 1974). Battery cages provide
little room for hens to stretch their legs or preen
normally. One behavioural test of deprivation mag-
nitude involves giving the animal the opportunity
to perform the activity and measuring performance

after various periods of deprivation: this is the
rebound effect. For example, the amount of water
drunk can be measured after various periods of
water deprivation. Wennrich (1975, 1977) showed
that birds removed from a battery cage and put
into a larger area showed much wing-flapping.
Nicol (1987b) studied this rebound effect further
and compared birds kept in cages for different
times. Longer periods confined in cages were asso-
ciated with more prolonged wing-flapping when
released. This is clearly a welfare problem, but it is
difficult to say how widespread or severe it is.

The long-term effects of lack of exercise are
those on bones and muscles. Battery-caged birds
have lower bone weight and greater bone brittle-
ness than birds that have more freedom of move-
ment (Meyer and Sunde, 1974), and more caged
birds are lame (Kraus, 1978). The levels of osteo-
malacia and osteoporosis are considerably higher
in caged hens than in group-housed or free-range
hens (Löliger, 1980, 1981; Löliger et al., 1980),
and it is suggested by Martin (1987) that there is
much more muscle weakness in caged birds. The
muscle characteristics of birds kept in different
ways are evident from meat quality studies, but
these do not necessarily provide information about
welfare.

Perhaps the most important evidence of poor
welfare is the incidence of broken bones when hens
are taken to slaughter. Simonsen (1983) reported
that the incidence of broken wing bones on arrival
at the slaughterhouse was 0.5% in hens free to
move but 6.5% in hens from cages. A further 9.5%
of hens from cages had broken bones after slaugh-
ter; Nielsen (1980) reported similar results.
Gregory and Wilkins (1989) dissected 3115 spent
hens from battery cages in the UK and found that a
mean of 29% had broken bones before the time
that they reached the waterbath stunner at slaugh-
ter. Removal of the birds from the cages and hang-
ing on the shackling line were identified as points
where damage was most likely to occur. Knowles
and Broom (1990) have found that hens from bat-
tery cages are much less active than those in a
perchery or an Elson terrace system, and their
humeral and tibial breaking strengths are less.

Exercise is correlated with bone thickness and
strength in hens, as in other animals, and it is gen-
erally accepted that lack of exercise in cages is the
main cause of bone weakness (Fleming et al., 1994;
Michel and Huonnic, 2003). Poor design of
percheries and too high a stocking density can also
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lead to bone breakage (Gregory and Wilkins,
1996). It is not known how much discomfort is
associated with osteomalacia and osteoporosis, but
there can be no doubt that broken bones are
extremely painful. Anything that regularly leads to
a high incidence of broken bones is a very serious
welfare problem. Handling and transport proce-
dures are a major problem, and these are not quite
the same for freep-moving and caged birds.
However, it is clearly going to be necessary for
some substantial change in housing or handling, or
both, if this high incidence of broken limbs is to be
avoided.

Hens use perches when these are available, espe-
cially at night when they often perch close together
and are highly motivated to perch (Fröhlich, 1993;
Olsson et al., 2002; Oester, 2004), but perches are
seldom provided in battery cages. When perches at
several levels are provided, hens choose to perch
high above ground (Blokhuis, 1984), but they will
utilize a low perch in a battery cage (Tauson,
1984). Hen arousal levels are reduced if they can
perch, and provision of a perch leads to increased
leg bone strength (Hughes and Appleby, 1989;
Abrahamsson and Tauson, 1993).

Perches must be properly designed, with no
sharp edges and not too large or small, in order
that foot disorders do not occur (Moe et al., 2004).
Using a flattened-top, hardwood, 38 mm diameter,
circular perch was found to give the lowest inci-
dence of bumblefoot (Tauson and Abrahamsson,
1997). Gunnarsson et al. (1999) showed that rear-
ing young chicks without access to perches and giv-
ing them access only after 4 weeks of age doubled
the prevalence of cloacal cannibalism in the adult
flocks. Yngvesson et al. (2004) showed that rearing
without perches impaired laying hen escape behav-
iour in a simulated cannibalistic attack. The strong
preferences that most hens have for using a perch,
and the improvements in bone strength and in inci-
dence of injuries and deformities, particularly if the
perches are in a solid floor system rather than a
wire cage (Moe et al., 2004), show that the provi-
sion of perches improves welfare.

The fact that hens in free-range conditions walk
considerable distances in good weather conditions
is evidence for their preference for being in a larger
rather than a smaller space (Hughes, 1975;
Dawkins, 1976, 1977). Birds housed at 600 cm2

per bird, or above rather than at 450 cm2, have a
broader and more varied behavioural repertoire
and greater freedom of movement (Appleby et al.,

2002). Some activities require more than 600 cm2,
if only for a certain proportion of time. This has led
to a re-interpretation of some early preference test
results where hens selected increased cage sizes for
a proportion of the day (Lagadic and Faure, 1990).
Rather than indicating a preference for a small
cage, these results suggest there is an intermittent
preference for a large cage that is context depend-
ent (Cooper and Albentosa, 2003).

Recent assessments of spatial preference have
demonstrated that hens in functional cages adopt
an even spatial distribution, demonstrated most
clearly when hens are allowed to move between
two linked, furnished cages (Wall et al., 2002;
Cooper and Albentosa, 2004; Wall et al., 2004a).
These preference test results suggest that hens in
furnished cages at 600 cm2 cage floor area per bird
are still attempting to maximize their personal
space allowance. This preference outweighs any
competing preference for additional cage height
(Cooper and Albentosa, 2004).

Domestic fowl show elaborate nest-searching,
nest-building and other behaviour before egg-lay-
ing, which is essentially the same as that of wild
jungle fowl (Wood-Gush, 1954; McBride et al.,
1969; Fölsch, 1981). Hens in a cage have no nest-
ing material, no nest cup and no quiet, dark place
in which to lay. They are often pushed aside from
their planned laying place (Brantas, 1974).
However, these birds have a strong preference to
find and lay in an enclosed nesting place (Freire et
al. 1996). There are various indications of the
extent of the frustration felt by hens that are about
to lay an egg in a battery cage.

Plasma corticosterone levels increase pre-ovipo-
sition, but this occurs whether or not a nest is
available (Beuving, 1980), so it is probably a
preparation for the egg-laying procedure. Hens
give a pre-laying ‘Gackeln’ call (Baeumer, 1962),
whose intensity and duration is three times higher
if the bird is in a battery cage (Huber and Folsch,
1978; Schenk et al., 1984). This may indicate
greater frustration, but the clearest behavioural
indicator is stereotyped pacing. At the time when a
nest would normally be built, the hen walks up and
down in the cage in a repetitive way (see Chapter
23). Provision of an artificial nest with a floor of
Astro Turf seems to be entirely acceptable to hens
(Wall et al., 2002), and hens will use a nest shared
by many birds (Abrahamsson and Tauson, 1997).

Another abnormality of the battery cage that
prevents certain normal behaviours is the wire
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floor. The hen cannot scratch on the ground for
food or dust-bathe. The preferences of hens for dif-
ferent sorts of metal flooring have been assessed
and, while hens preferred a chicken-wire floor to a
floor with larger mesh, they spent more time on lit-
ter floors, especially around the time of oviposition
(Hughes and Black, 1973; Hughes, 1976; Dawkins,
1981). When hens are prevented from dust-bathing
they may show anomalous behaviour in the cage
such as attempting to bathe in the feed (Martin,
1975; Wennrich, 1976; Vestergaard, 1980), and
dust-bathing movements on cage-mates or in the
air (Vestergaard, 1982; Martin, 1987).

Hens kept in cages for some time and then given
dust to bathe in showed an amount of dust-bathing
behaviour that was proportional to the duration of
the period of deprivation (Vestergaard, 1980).
Oden et al. (2002) reported significantly fewer
birds dust-bathing when the quality of the litter
was poor, while Wall (2003) showed that birds
tend to dust-bathe once every second or third day.
If the dust bath is too small, birds may compete for
access to it and use it less (Olsson and Keeling,
2003). In order to allow dust-bathing, some fur-
nished cages have a sand bath; this is small, so is
rapidly emptied, and the sand thrown out may
damage food provision or egg collection machin-
ery. If food only is provided in the sand bath area,
this does not damage machinery when used for
dust-bathing, but may be wasted or polluted with
faeces and then eaten.

Hens spend much time investigating their envi-
ronment by pecking at objects, and their bills are
richly provided with sensory receptors. Birds in
cages have little at which to peck so they direct
much pecking – which may be food-searching
behaviour – to substitute objects (Fölsch and
Huber, 1977; Folsch, 1981). Some pecking stereo-
typies are also shown in cages (Martin, 1975). The
fact that pecking is not just a matter of obtaining
food is demonstrated by the finding that birds will
work for food reward by pecking at a key even
when food is present (Duncan and Hughes, 1972).
Hens in cages sometimes peck persistently at cage
fittings and at the feathers and vents of cage-mates.

Blokhuis (1986) suggests that the major reason
why feather-pecking occurs in battery cages is that
hens do not have enough other things at which they
can peck. Important causes include dust-bathing
deprivation, lack of food-investigation possibilities,
type of floor, stocking density, flock size, food
structure and composition, genotype and light

intensity (Blokhuis and van der Haar, 1989; Elson,
1990; Kjaer and Vestergaard, 1999; Nicol et al.,
1999; Savory et al., 1999). In order to minimize the
occurrence of injurious pecking, Newberry (2004)
recommends that:

hens be provided with perches, attractive foraging
materials and feed in small particle form such as
mash or crumbles throughout rearing as well as in
the laying hens. The age at first egg should be
delayed until the hens are at least 20 weeks old and
the birds should be managed to minimise the
availability of preferred victims and to prevent the
discovery that flock mates represent a highly
palatable foods source. High perches should be
available to act as a refuge, nest boxes should be
designed to minimise visibility of the cloaca during
oviposition and sufficient space should be provided
to facilitate access to all resources.

Pecking – which has rather more severe effects on
the individual pecked – often starts in young hens
with pecking at the vent and progresses to serious
injury or death. Factors affecting the occurrence of
injurious pecking involving cannibalism and death
are reviewed by Savory (1995) and Newberry
(2004). One death is often followed by more in the
same group (Tablante et al., 2000), which could be
a result of the fact that injured. One death is often
followed by more in the same group (Tablante et
al., 2000), which could be a result of the fact that
injured, less fit or ‘different’ individuals are attrac-
tive victims (Savory et al., 1999; McAdie and
Keeling, 2000; Yngvesson and Keeling, 2001;
Cloutier and Newberry, 2002), or that birds may
learn from one another (Cloutier et al., 2002).

Unchecked growth of bill and claws can be a
problem in battery cages. If there is no possibility for
birds to wear these down they may grow to the
extent that they are seriously deformed. As Tauson
(1986, 2003) has shown, the provision of an abra-
sive strip in the cage can solve this problem. Many
other injuries or deformities occurring in cages can
be rectified by improving cage design (Tauson, 1977,
1985). Tauson and Holm (2002, 2003) surveyed
such problems and made recommendations about
how to solve them. Birds became trapped in cages by
the head, body, wings, legs or feet. Steep floors, e.g.
of 23% or steeper, lead to high levels of foot
deformities because birds’ feet slip down onto cross-
wires, but this can be avoided by using slopes no
greater than 12%. Foot deformity incidence can also
be reduced by provision of a perch (Tauson, 1980,
1988).
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The number and severity of welfare problems in
battery cages are so great that most consumers who
know about them are unwilling to accept the use of
the system. As a consequence, laws and codes of
practice are gradually changing so that the system
is beginning to be phased out. Furnished cages are
now very much better, but the problem of how to
provide material for dust-bathing without the func-
tion of machinery – such as that for supplying food
or collecting eggs – being impaired has not yet been
solved. Also, few furnished cages are high enough
to allow the birds proper exercise and hence to
avoid weakened bones. Present designs of fur-
nished cages are significantly more expensive than
the best aviaries, so it is the aviary that is being uti-
lized most to replace battery cages. Beak-trimming
is still widely used for both battery cages and
aviaries.

In these systems, the hens have much freedom of
movement, although there are some social restric-
tions on this. A variety of activities is possible, but
injurious pecking can sometimes occur and be very
serious, affecting many birds. As a consequence,
beak-trimming with its consequent pain and other
disadvantages (see later section) is often carried
out. In aviaries and in other group-housing sys-
tems, aggression can be reduced by providing uni-
form illumination with no bright patches, in which
hens may accumulate and fight (Gibson et al.,
1985). It is also important that there should be no
sharp corners from which retreat is difficult when
pursued. It seems that neither group size nor stock-
ing density in aviaries has an effect on injurious
pecking (Gunnarsson et al., 1999; Green et al.,
2000; Oden et al., 2002). There can also be welfare
problems because disease and parasitism incidence
can be higher. Good stockmanship is necessary to
identify birds with health problems or signs of
injury and to separate these from the main group.

One economic problem is that some birds do not
lay in nest boxes, so their eggs are difficult to find
and are often dirty, but the incidence of floor-laying
is very low if good nest boxes are used. In commer-
cial systems all egg collection is automatic. In gen-
eral, however, the best tiered floor aviary systems
are the best commercially viable housing systems
for hen welfare. Their production costs per egg are
similar to those of battery cages, allowing 500 cm2

per bird. Furnished cages have practical problems
and are, at present, more expensive per egg. Free-
range is more expensive but attracts a higher price
from consumers.

Chickens Reared for Meat

The numbers of broilers are very large indeed, so
any welfare problems would involve very many
individuals. The modern breeds of broilers grow
very quickly and most are now slaughtered at 5–7
weeks of age, by which time they have reached a
weight of 1.5–2.0 kg. The major fundamental
problems of broiler production resulting in poor
bird welfare are a consequence of selecting birds
for a short, very fast-growing, life. The birds will
tend to be too heavy for normal locomotion and
therefore develop leg disorders. Since leg disorders
are disabling and often associated with inflamma-
tion of joints, hocks and bone, it is clear that their
incidence may cause a major welfare problem
(Webster, 1994), because lame broiler chickens are
in pain when they walk (Kestin et al., 1994;
McGovern et al., 1999; Danbury et al., 2000). This
pain causes them distress and, if trained to perform
an operant for self-administration of the analgesic
drug Carprofen, they do so (McGeown et al.,
1999; McGovern et al., 1999; Danbury, 2000).

A typical broiler house is something like the
deep-litter house for hens. It is usually rectangular,
with a good ventilation and temperature control
system. Before birds are put in, the clean floor is
covered with litter such as wood shavings or straw
to a depth of about 15 cm. Day-old chicks are
introduced into the house at a density that will
result in a weight of birds at the end of the growing
period of about 30–45 kg/m2. Typical numbers in a
house are 10,000–20,000. At the beginning of the
rearing period the chickens have plenty of space,
but at the end of the rearing period they are
crowded close together (see Fig. 30.10).

One problem with this rearing system is that
there are many birds present and there is little or no
facility for inspection, so an individual that is
weak, injured or sick is often not detected. Most of
these individuals die and their bodies remain in the
litter. In some cases, weak individuals die because
they are trampled on by the other birds, for as the
density approaches the final level of 30 or more kg
of birds in each square metre, it is essential to be
able to stand up in order to survive. Another disad-
vantage of having very large numbers of birds in a
single building arises if the birds are suddenly
frightened and hysteria develops. If this happens,
many birds may move rapidly to the end of the
building where there is a pile-up, under which
many individuals may be crushed to death.
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Hysteria can be minimized by good stockmanship
and the effects can be reduced by putting baffles in
the house.

The rapid growth rate of a modern broiler is not
uniform throughout its body. Muscle grows very
quickly but bones, and in particular the leg bones,
grow less fast. As a consequence, a point is reached
at which the bird’s legs cannot easily support its
body. There is then a risk of being trampled, as
mentioned above, but there will also be prolonged
contact with the litter beneath the bird. The various
disease conditions associated with leg weakness in
broiler chickens are reviewed by Bradshaw et al.
(2002) and Mench (2004). These include: bacterial
femoral head necrosis, tenosynovitis and arthritis,
infectious stunting syndrome, varus valgus disease,
tibial dyschondroplasia, rickets, chondrodystrophy
and spondylolisthesis, osteochondrosis, degenera-
tive joint disease, spontaneous rupture of the gas-
trocnemius tendon and contact dermatitis. The
welfare of broilers with leg disorders may be
impaired due to pain from the condition, an inabil-
ity to walk leading to frustration and associated
problems of being unable to feed and drink due to
immobility. In assessing welfare, the individual
broiler should be considered.

Faecal matter accumulates very rapidly in a
broiler house, so that the litter is covered with fae-
ces well before the end of the growing period. The
faeces and their breakdown products are alkaline
and have a corrosive effect on skin, so birds that

have to sit on the soiled litter for long periods get
breast-blisters, hock-burns and footpad lesions (see
Fig. 30.11). The dermatitis lesions can develop in
less than 1 week (Ekstrand and Carpenter, 1998).
These can be widespread in a broiler unit and,
while footpad lesions are seldom seen by con-
sumers because the feet are usually cut off before
sale, the first two are visible to the customer buying
a chicken. One consequence of this is that legs are
often cut short on carcasses so that hock-burns
cannot be seen. Another consequence is that many
carcasses are downgraded further so that they can
be used only for chicken pieces.

Broom and Reefmann (2005) investigated the
extent of 15 kinds of visible lesions in Grade ‘A’
broiler carcasses. Six lesions were analysed
histopathologically, and this showed that hock-
burn would have occurred several days pre-mortem
and would have been painful. Many broiler car-
casses in the supermarkets had dermal lesions and
82% had detectable hock-burns. Of these, 18%
were > 0.3 cm2 in area, e.g. 6 � 5 mm. ‘Organic’
chickens had half as many hock-burns as conven-
tionally reared broilers, perhaps because of differ-
ences in litter quality or leg strength. The Grade ‘A’
chickens observed exclude birds with obvious visi-
ble defects, because these birds would have had the
blemishes removed and the carcass would have
been portioned. Hence, the frequencies of lesions in
farmed birds would be higher than those reported.
Serious skin abrasions and blisters cause consider-
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Fig. 30.10. Chickens in
typical broiler house
(photograph courtesy of
D.M. Broom).



able pain and discomfort to the birds so the system
of housing, or the breed itself, should be modified
so as to avoid pododermatitis, hock-burns and
breast blisters.

Leg disorders in broiler chickens become worse
as the birds get older and heavier (Mench, 2004).
Kestin et al. (1994) reported that 90% of broiler
chickens had some walking ability impairment in
the last week before slaughter and 26% had a
severe impairment. Sanotra (1999), studying a
broiler strain used in many countries, found that
30% of birds on commercial farms had severe
walking difficulties by market age. It is widely
known that birds with weak legs sit on litter and,
when the litter quality is not good, many chickens,
as a consequence, have contact dermatitis visible
on carcasses as breast- or hock-burn. A comparison
of 1957 and 1991 strains of broilers showed that

growth rates and, hence, leg problems, have an ori-
gin that is much more a consequence of genetics
than of food quality (Havenstein et al., 1994).

When broiler houses become very crowded, as is
typical in the days leading up to thinning, i.e. reduc-
tion in numbers or to slaughter, locomotion is
reduced. This reduced exercise makes leg problems
worse. The complexity of the environment also has
an effect on the extent to which broiler chickens exer-
cise, as greater complexity leads to more activity. The
introduction of more interesting food and materials
to investigate, manipulate and climb on will increase
activity and hence leg strength. Low light level is
associated with low activity (Boshouwers and
Nicaise, 1987) and with a greater frequency of leg
disorders (Gordon and Thorp, 1994).

Ascites is another pathological condition associ-
ated with fast growth in broiler chickens and is a
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Fig. 30.11. (a) Legs of broiler chicken with severe dermatitis on the footpad and severe hock-burn. A small brown
hock-burn can commonly be seen on broiler carcasses and indicates pain in the bird. (b) Breast-blister on broiler
chickens (photographs courtesy of D.M. Broom).

(a) (b)



major cause of poor welfare and mortality
(Maxwell and Robertson, 1998). It is also known
as pulmonary hypertension syndrome, and results
in fluid from the blood leaking into abdominal cav-
ities. It affects 5% of young broilers and 15–20%
of the larger birds, and it can kill or weaken the
birds and result in carcass condemnation. Although
originally described as occurring especially at high
altitudes, it is now widespread at all altitudes. The
main cause of ascites is failure of heart function
associated with lack of oxygen supply to tissues. It
is extremely rare in old strains of broilers and
results from failure of the cardiovascular and
pulmonary systems to grow fast enough to 
keep pace with the demands from the muscles and
gut.

As stocking density of broilers increases, the
extent and frequency of poor welfare tends to
increase. For example, there are various reports of
growth rate declining at high stocking densities.
Mortality increased with stocking density over 
a range from 5 to 45 kg/m2 (Shanawany, 1988).
Locomotor activity and locomotor problems are
generally found to increase (Kestin et al., 1994),
and the extent of wet litter and hock-burn usually
increases at higher densities.

Üner et al. (1996) compared broiler communal
systems stocked at 24–36 kg/m2 and found that, at
the higher stocking densities, there was less walking,
running, preening, total activity and calm behaviour
and more time concentrated around the feeders.
There is less possibility for environment enrichment
at high stocking densities. Dawkins et al. (2004)
claimed that stocking density was less important to
broiler chicken welfare than other management
factors, and there is no doubt that litter management
and ventilation in the building are important in 
their effects on hock-burn. However, the study of
Dawkins et al. did not consider stocking densities 
< 30 kg/m2. They did find that locomotor problems
were twice as high at 46 as at 30 kg/m2 and lumped
all other variables to compare with stocking density.
Their results do not allow the conclusion that stock-
ing density is unimportant.

The poor welfare occurring in broiler chickens
as they near the age of slaughter affects a very large
number of individuals and must be the most serious
animal welfare problem in the world today.
However, the problems are soluble. Birds can be
bred for stronger legs, but some slowing of growth
by genetic selection or management is essential for
a real solution. Leg problems can be reduced if

food intake is limited for a period during growth
(Classen, 1992). Some problems are exacerbated
by high stocking density, so this should be limited
to a maximum of 25 or perhaps 30 kg/m2. Breeding
should encourage better leg development or less
muscle development. Birds should not be kept on
faecally contaminated litter.

Broiler breeders are often beak-trimmed but are
usually kept in quite good conditions. A significant
cause of poor welfare is that they are prevented
from becoming too heavy by restricting their diet.
As a consequence, they may be hungry for a sub-
stantial part of their lives. The degree of hunger can
be assessed by increasing how much they will eat
when given the opportunity and how hard they will
work for food (Hocking, 2004). This is a problem
that cannot be solved in its entirety.

Turkeys

The majority of turkeys kept for meat production
are kept in a controlled environment consisting of
windowless buildings where heat, ventilation and
lighting are precisely regulated. Some parent stock
and the majority of Christmas turkeys produced on
small farms are reared in pole barns. These open or
extensive housing systems allow natural daylight to
enter, though this may be supplemented by artificial
light. Temperature and ventilation are not con-
trolled. Free-range systems may also share similari-
ties with the pole barn system. Natural daylight is
available in outside enclosures. Some production of
turkeys in range or forest environments has
recently begun, but this is still relatively uncommon
(Hocking, 1993).

Turkeys in the latter stages of growth may show
aggression that can have severe effects on welfare
and production. In order to attempt to reduce any
aggressive interactions in turkeys, many are kept at
low light levels. Vision is generally considered to be
important to birds (Appleby et al., 1992). The high
proportion of cones in poultry retinas suggest
vision is better in bright rather than in dim light,
and colour vision is good. Manser (1996) therefore
surmised that keeping birds in very low light inten-
sities might well deprive them of some sensory
input and so contribute to a barren environment.
However, low light intensities are perceived to dis-
courage activity – thus maximizing productivity, to
reduce aggression and they save electricity costs.
Hence, turkeys are usually reared under intensities
of 1–4 lux. To set this in context, satisfactory levels
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inside buildings used by humans range from 50 lux
for bedrooms through to 500–750 lux for offices.
A light intensity of 20 lux is too dim to enable
humans to read printed text and would not allow
turkeys to investigate their environment. A range of
normal behaviours would be prevented at this or
lower light intensities. Since activity of all kinds is
suppressed at low light levels, this could have fur-
ther consequences for exercise-related problems.

Turkey poults reared from hatching under very
low-intensity light (1.1 lux) were inactive and
developed eye abnormalities and enlarged adrenal
glands (Siopes et al., 1984), although feeding and
drinking behaviour did not differ between the 1- or
10-lux regimes (Sherwin and Kelland, 1998).
Hester et al. (1987) found growth rates slower in
lower-intensity light (2.5 versus 20 lux), although
feed conversion was better. Leg disorders were less
frequent in birds reared in natural daylight of 220
lux than in artificial light of 19 lux (Davis and
Siopes, 1985). Preference tests on male turkeys
indicated that light intensities commonly used in
the commercial industry do not reflect the preferred
conditions of turkeys. Intensities of < 1 lux were
aversive. Commercial lighting intensities lead to
poor welfare if needs cannot be met (Sherwin,
1998). It seems that supplementary ultraviolet light
may benefit turkeys in relatively low light condi-
tions (Sherwin et al., 1999).

Heavy male turkeys are susceptible to heat stress
(Perkins et al., 1995). Chronic effects of high (e.g.
29°C) rearing temperatures are loss of muscle and
fat tissue (Noll et al., 1991; Waibel and Macleod,
1995). Litter on the floor improves turkey welfare,
but pododermatitis may occur so the litter should
be kept dry and high stocking densities avoided
(Hocking, 1993; Hester et al., 1997).

Beak-trimming is performed to reduce injurious
pecking and cannibalism in breeding or pole-barn
turkeys. Such behaviour causes very poor welfare
and must be prevented. However, beak-trimming is
a traumatic procedure. Furthermore, beak-trim-
ming deprives turkeys of a major sensory organ,
and this has major welfare implications. Toe-clip-
ping is likely to cause acute pain and the chronic
effects are unknown. This procedure might be eas-
ily eliminated to the benefit of both production and
welfare. Some pain must also occur when the
snood is removed, but little information is available
on the effect of snood removal on the behaviour
and subsequent welfare of turkeys. Changes in
housing or management regimes can only amelio-

rate rather than eliminate these problems. Hirt et
al. (1995) recommend that selection criteria should
not only relate to economic efficiency but also to
factors affecting welfare. Selection of turkeys for
fast growth rate is often accompanied by an
increase in susceptibility to, and mortality from,
some diseases, especially Pasteurella multicocida
and Newcastle disease virus (Tsai et al., 1992;
Nestor et al., 1996a, b).

Slow-growing turkeys do not appear to suffer
the degenerative disorders of hips and other joints
that are prevalent in male breeding turkeys at the
end of their breeding life (Hocking et al., 1998).
Adult male breeding turkeys often have leg prob-
lems, as evidenced by their impaired locomotion. In
a study designed to find out whether leg conditions
of heavy male birds were painful, Duncan et al.
(1991) compared behaviour with and without an
analgesic drug, betamethazone. The birds were
observed and then treated with the analgesic and
observed again. With the analgesic they showed
less lying, more standing, more walking, more feed-
ing, earlier and faster approach to a female and
more attempted mounts.

The abnormal body conformation, largely due
to the large pectoral muscle, of adult male turkeys
renders them incapable of mating with a female.
This loss of a fundamental biological function is
ethically questionable in addition to effects on wel-
fare of the individual. A turkey that cannot mate
but is in the vicinity of females will be frustrated, so
this has an effect on welfare. The semen collection
procedure involves substantial human handling
and has some effect on welfare. Artificial insemina-
tion of females also involves substantial human
handling.

Ducks and Geese

The major animal welfare issues relating to ducks
and geese concern the provision of water, the stock-
ing densities used and the force-feeding of the birds
for foie gras production.

Ducks can grow extremely fast, a live weight of
3.0–3.5 kg being attainable in 7–8 weeks
(Sainsbury, 2000). An increasing amount of the
rearing is now carried out indoors where ducks are
housed on straw bedding, wire mesh or slats. It is
widely known that ducks and geese are aquatic ani-
mals and choose to spend most of their lives on or
close to water. However, under commercial condi-
tions, current legislation requires provision of
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water but this is often only in nipple-drinkers.
Open standing or flowing water is usually absent
for ducks and geese in commercial conditions, and
the animals cannot exhibit their usual aquatic-
related behaviours such as adequate preening,
shaking movements to remove water, taking up
water by the beak, paddling, swimming, etc.

One of the reasons often cited for not including
a source of open water is that the ducks may
become diseased. However, this has never been sci-
entifically quantified. Matull and Reiter (1995)
investigated comfort behaviour in ducks housed
with and without the provision of a water bath
Bathing behaviour varied by breed, and preening
behaviour was lower in two breeds when they had
access to a water bath. In general, there are very
few published papers on the behaviour of ducks
reared under commercial conditions. Reiter and
Bessei (1995) made a behavioural comparison of
three breeds of ducks from the first to sixth weeks
of life, while Reiter (1993) investigated short-term
feeding and drinking behaviour. Desforges and
Wood-Gush (1975, 1976) investigated flock spatial
relationships and sexual behaviour, respectively.

The welfare issues raised by foie gras production
are: (i) the very small cages often used during the
force-feeding in the last 2–3 weeks of life (see Fig.
30.12); (ii) the act of force-feeding itself (see Fig.
30.13); and (iii) pathological effects on the birds’ liv-
ers. The cages do not allow any normal behaviour
except drinking. No other farmed animals are kept in
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Fig. 30.12. Mulard ducks (Mallard � Muscovy) in
cages during force-feeding period (photograph courtesy
of D.M. Broom).

Fig. 30.13. Ducks in cages: force-feeding with soaked maize that is squirted into the oesophagus via the pipe
(photograph courtesy of D.M. Broom).



such extreme confinement. Force-feeding is a form of
feeding, so the duck or goose wants to receive some
food. However, the handling, insertion of force-
feeding pipe and sudden introduction to the oesopha-
gus of 500 gm of soaked maize are clearly aversive.

Feeding does not normally cause elevation of
plasma corticosterone, so a lack of increase in
corticosterone during force-feeding provides no
information about welfare. The liver increases in
size tenfold when the duck or goose is fed ad libi-
tum during most of life and then force-fed during
the last 2–3 weeks of life. The normal function of
the liver – which is principally detoxifying harmful
substances in the body – declines and then ceases to
functon as the liver expands and changes histologi-
cally. The birds are killed for foie gras production
just before they die of liver failure. Some do die
during force-feeding but no figures for mortality
are published. These issues are the subject of the

EU Scientific Committee on Animal Health and
Animal Welfare Report (http://europa.eu.int/
comm/food/fs/sc/scah/out17_en.pdf).
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31 The Welfare of Farmed and
Pet Fish

Introduction

Throughout most parts of the world, the second
commonest domestic animal after the chicken is a
species of fish, usually tilapia (Oreochromis
mossambicus, O. honorum, O. nilotica) in the trop-
ics, and a member of the carp family, Cyprinidae, or
the salmon and trout family, Salmonidae, in temper-
ate areas. These fish are farmed but are little affected
by domestication. In some countries, largely in the
tropics, farmed fish are a major source of inexpen-
sive protein and there is some consistency of
demand. In Europe, North America and affluent
East Asian countries, fish from fish farms are not
staple foods and many of the products are at the
luxury end of the market. Hence, demand for these
particular kinds of fish is much more elastic and sub-
ject to fluctuations according to the public percep-
tion of the product as well as the purchase price.

Concern for animal welfare is increasing rapidly
and is a significant factor affecting whether or not
animal products are bought. If a product is per-
ceived to be associated with bad effects on human
health, animal welfare or the environment, sales
can slump dramatically. The more valuable the
product, the richer the consumers and the more
likely they are to decide not to buy a product on
grounds such as the poor welfare of the fish
(Broom, 1994). The fish farming industry cannot
afford to ignore fish welfare when bad publicity
about it could affect sales greatly (Broom, 1999).

The major farmed species in the world are the
grass carp, Ctenopharyngodon idellus, and common
carp, Cyprinus carpio, in China, which has half of
the world’s fish production, and in many other
countries; tilapia in Africa and in South America
with several local species; Atlantic salmon, Salmo
salar, rainbow trout, Onchorhynchus mykiss,
brown trout, Salmo trutta, carp, gilthead sea-bream,
Sparus aurata, and sea bass, Dicentrarchus labrax.

Many of the fish kept as pets are much more
changed by domestication than are farmed fish.

Goldfish, Carassius auratus, and carp such as the
koi and common carp have been kept as ornamen-
tal animals for at least 3000 years. A great range of
fish species are now kept as companion animals.
Their status as companion animals is affirmed by
the reports of many of those who keep them and
by research demonstrating that people can be
calmed by being with aquarium fish (DeSchriver
and Riddick, 1990).

Aspects of Welfare

Awareness and pain

Key issues in any discussion of fish welfare are
whether fish are aware of what is happening
around them, whether they are capable of cognitive
processing and whether they can have feelings such
as pain (Broom, 2007). These are the same issues as
for all other domestic animals, and are considered
in Chapters 4 and 5. The conclusion reached in this
book is that fish do have some degree of each of
these abilities, so they should be protected and their
welfare considered if we use them. Awareness in
fish is discussed by Chandroo et al. (2004a). We
know that some fish must have mental representa-
tions of their environment in relation to their ability
to navigate (Reese, 1989; Rodriguez et al., 1994),
have ability to recognize social companions
(Swaney et al., 2001) and can avoid for some
months or years places where they have previously
encountered a predator (Czanyi and Doka, 1993)
or were caught on a hook (Beukema, 1970).

Some fish species can learn spatial relationships
and form mental maps (Odling-Smee and
Braithwaite, 2003), and can use information about
sequences of spatial information (Burt de Perera,
2004). The parts of the brain used to achieve this
are not anatomically the same in fish (Broglio et al.,
2003) as in mammals but the function is very
similar. It is clear that the timing of events can be
integrated to allow the fish to produce appropriate
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avoidance responses (Portavella et al., 2004; Yue et
al., 2004), and it is difficult to explain the results of
these studies without assuming that the fish feel fear.
The learning ability demonstrated in a range of
studies (Sovrano and Bizazza, 2003; Braithwaite,
2005) indicates sophisticated cognitive processes
more complex than associative learning. When
Schjolden et al. (2005) investigated individual varia-
tion in responses of trout to a difficult situation, it
was clear that the fish were using different coping
strategies to deal with the problem.

The occurrence of pain in fish is debated by Rose
(2002), Jackson (2003), Chandroo et al. (2004a, b)
and Braithwaite and Huntingford (2004). In the rain-
bow trout, Onchorhynchus mykiss, anatomical and
electrophysiological investigation of the nociceptors
connected to the trigeminal nerve has revealed that
these fish have two types of nociceptor, A-delta and c
fibres (Sneddon, 2002; Sneddon et al., 2003a). The
transmitter substance P and the analgesic opioid
enkephalins and �-endorphin, which act as endoge-
nous analgesics in mammals, are present in fish
(Rodriguez-Moldes et al., 1993; Zaccone et al.,
1994; Balm and Pottinger, 1995), and the behav-
ioural responses of goldfish to analgesics are the same
as in rats (Ehrensing et al., 1982). When Sneddon et
al. (2003b) administered weak acetic acid solution or
bee venom to the mouth of a trout, the fish rested on
the substratum, rocked from side to side and rubbed
their snouts on solid surfaces. These behaviours
stopped when the analgesic morphine was given.

Other animals such as bees and silk moths are
domestic animals to a degree similar to fish, but
they are not considered in this discussion of welfare
because of lack of evidence of a pain system or
other feelings.

Glucocorticoids in fish

Fish have a hypothalamic-pituitary-inter-renal
response that is almost identical to the HPA response
of mammals. Stimuli that are disturbing to fish elicit
the production of adrenaline and noradrenaline
from the chromaffin tissue (Perry and Bernier, 1999).
At the same time that CRH is released from the
hypothalamus it leads to release of ACTH from the
pituitary, and this in turn is carried by the blood to
the inter-renal tissue, an analogue of the mammalian
adrenal gland, where cortisol is produced (Sumpter,
1997; Huntingford et al., 2006).

Environmental factors that have been shown to
influence the production of glucocorticoids in fish

include: anaesthetics, ambient temperature, salinity
of the water, nutrient availability, time of day, over-
head light, dish density and background colour
(Barton, 1997). There is growing evidence in many
species concerning the role of glucocorticoids in
processes such as learning that are not associated
with stress but are wholly beneficial to the individ-
ual, and it is likely that glucocorticoids play such
roles in fish also. However, emergency responses
involving the hypothalamic-pituitary-inter-renal
response can lead to harm to the fish, which then
do indicate stress. For example, when conditions
elicit high levels of glucocorticoid production, there
can be a reduction in lymphocyte numbers, anti-
body production, lysozyme activity and gonadal
steroids and disease susceptibility (Pickering and
Pottinger, 1989; Maule and Schreck, 1991;
Pankhiers and Deduecal, 1994). Immune system
activity, on the other hand, has an effect on gluco-
corticoid production (Balm, 1997).

Important diseases of fish farming, such as furun-
culosis, which is a bacterial septicaemia of salmonids
and other fish, are much more likely to be evident in
fish if water quality conditions and fish culture proce-
dures stress the fish. Furunculosis is caused by
Aeromomas salmonicida, an obligate pathogen that
often exists in fish without any causing disease unless
the fish are stressed (Wedemeyer, 1996, 1997).

Terminology

A point that should be considered within the fish
farming industry is the extent to which attitudes to
fish welfare are affected by the terminology used. In
English there has been a tendency to use plant
terms when referring to fish. A cage full of salmon
is sometimes called a crop, and the process of
slaughter is sometimes called harvesting. Farmers
refer to ‘growing the fish’, like ‘growing wheat’, but
animals are not the same as plants. It is the fish that
grow and the farmer who feeds and manages them.
Such terms make the fish seem less like individual
animals and encourage farm staff to view them as
objects rather than as sentient beings and perhaps
to treat them badly. Hence, the terms ‘crop’ and
‘harvest’ and ‘growing the fish’ are inappropriate
and should not be used.

Problems of Fish

The following is a list of problems in the fish-farm-
ing industry, some of which are also relevant to pet

302 Domestic Animal Behaviour and Welfare



fish. Those that might be considered to be most
important are dealt with first.

Stocking density

Some fish live in and prefer close schooling so that
the nearest neighbour is a short distance away, e.g.
arctic charr (Salvelinus alpinus) (Jergensen et al.,
1993). In other species whose individuals are
forced to live at a higher density than they would
choose, high stocking densities on fish farms, or in
captivity for other purposes, cause poor welfare
(e.g. Ewing and Ewing, 1995 for trout and salmon;
Vazzana et al., 2002 for sea-bass; Montero et al.,
1999 for sea-bream). When high stocking density
was combined with insufficient water flow (Ellis et
al., 2002) or with too much disturbance (Turnbull
et al., 2005), welfare was worse than when only
one adverse factor was present.

Farmed salmon and trout kept at high stocking
densities usually have damaged fins. It is likely that
much of this damage is caused by either fin-chew-
ing by other fish or as a result of contact with other
fish rather than by contact with the cage or tank.
Fin damage in trout was higher when there was
food deprivation (Winfree et al., 1998).

Other species of fish that are largely herbivorous
may be less likely to show fin-chewing behaviour,
but many species have chewed fins at high stocking
densities. The stocking density should allow fish to
show most normal behaviour and avoid having to
show abnormal behaviour, and with minimal pain,
stress and fear.

Feeding methods

Food distribution in such a way that each individual
can get sufficient food is a requirement for the keep-
ing of farmed animals. Farmed fish are usually sub-
ject to great competition when food is provided for
them (see Fig. 31.1). Observations of salmon in
cages during food provision show that the largest
and fastest fish get a disproportionate amount of
food, and a high proportion of smaller animals that
are less well able to compete are found at the edges
of the cage. Observations during diving showed that
smaller animals were at the cage edge all the way
down to the bottom of the cage 15–20 m below the
surface (D.M. Broom, personal observation). If
food was made available on demand for salmon,
they swam more slowly and showed less fighting
than when it was supplied by broadcasting, i.e. in a

way that led to much competition (Andrew et al.,
2002).

Food should be distributed evenly and widely so
that it reaches the maximum number of fish – 
ideally, every individual. Better systems for the
provision of adequate amounts of food to all fish
should be developed.

Catching and killing methods

In European countries, and indeed in most coun-
tries in the world, farm animals are required to be
killed in a humane way that includes prior stun-
ning. This should be applied to fish also. It is un-
acceptable for fish to die from asphyxiation in air,
because welfare will be very poor at this time (see
Fig. 31.2). Cooling on ice before death prolongs
the period of poor welfare (Robb et al., 2000;
Robb and Kestin, 2002). The percussive method is
used for salmon, using either a specially designed
club or a mechanical stunning device. The blow
should be of sufficient force for the fish to be imme-
diately rendered unconscious and for it to remain
so until dead (see Fig. 31.3).

One satisfactory method of slaughtering smaller
fish, such as trout, en masse that renders them
insensible instantaneously and until death super-
venes is required. The widely used method of leav-
ing the animals to suffocate in air is not acceptable.
Electrical stunning seems to be the best available
method for doing this (Lines et al., 2003). Staff
employed in the slaughter of fish should have the
knowledge and skill to perform the task humanely
and efficiently for the method employed.

On some fish farms, instead of catching the fish in
the water in the most rapid and least disturbing way,
people are allowed to come to the farm and catch the
fish with a hook and line. Hooking and handling fish
for release has been shown to increase scale damage,
making the fish more vulnerable to infection
(Broadhurst and Barker, 2000). Injury and mortality
following the hooking of fish is common, especially
where the hook penetrates deep into the tissues
(Muonehke and Childress, 1994), and there is a clear
increase in mortality during and after live-release
tournaments (Suski et al., 2005). The actual process
of capture on a hook leads to an increase in both
heart rate and cortisol production, and subsequent
avoidance of the situation (Verheijen and Buwalda,
1988; Pottinger, 1998; Cooke and Philipp, 2004).

Later effects of capture and of a period in air
before being returned to water include suppression
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of immune system function, suppression of oestra-
diol levels, reduced reproductive ability and severe
metabolic effects (Pickering and Pottinger, 1989;
Melotti et al., 1992; Ferguson et al., 1993;
Pankhurst and Dedual, 1994). A period in a keep net
also leads to adrenal responses – sometimes pro-
longed, but sometimes rather brief (Pottinger, 1998).

Environmental quality enrichment

Fish are kept with conspecifics, so they are not
deprived of social contact. However, in other
respects their environment is rather barren. More
information is required on whether fish welfare can

be improved by environmentally enriching stimuli
and on how to provide for all of the needs of fish,
including any need for varied stimulation.

Disease and parasitism

Pathogens and parasites generally cause poor wel-
fare in fish. Hence, it is important to manage fish so
as to minimize disease. A key aspect of this is to
have good methods of inspecting fish to recognize
those that are diseased, distressed or dead.
Parasites such as see-lice can cause poor welfare in
salmon (see Fig. 31.4). As a result of efforts to
reduce or avoid the widespread use of antibiotics in
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Fig. 31.1. (a) The trout in
this large tank reacted by
coming to the surface
when humans who might
be bringing food arrived;
when food was spread
they competed vigorously
for it; (b) food distribution
in a salmon cage
(photographs courtesy of
D.M. Broom).

(a)

(b)



fish farming, vaccination is used frequently.
However, because of the handling involved and the
use of irritant adjuvants, welfare can be very poor
for short periods and poor for long periods (Sørum
and Damsgaard, 2003).

Handling, grading and transport

Fish show a maximal emergency adrenal response
when removed from water (see Fig. 31.5). Methods
of movement of fish that do not require removal
from water are preferable on grounds of fish wel-
fare. However, any kind of manual handling, many
aspects of the grading procedure and some aspects

of transport are very stressful to fish and usually
increase susceptibility to disease (Strangeland et al.,
1996; Pickering, 1998). Two hours of transport has
also been found to impair learning ability in coho
(silver) salmon (Schreck et al. 1997).

Fish populations should not be graded (see Fig.
13.6) more often than is absolutely necessary since
grading, with its associated crowding, leads to pro-
longed increases in plasma cortisol concentrations
(Barnett and Pankhurst, 1998), and most kinds of
grading are likely to be stressful for fish.

During the stripping and milking processes, the
more times a fish is handled and exposed to seda-
tion the greater the skin injury and stress. If effec-
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Fig. 31.2. Trout left to die
by asphyxiation in air
(photograph courtesy of
D.M. Broom).

Fig. 31.3. Salmon taken
from the water prior to
stunning (photograph
courtesy of D.M. Broom).



tive anaesthetics are used, and maintained at an
appropriate concentration throughout sedation
and anaesthesia, fish welfare is much improved.

Predators and farmed fish

When fish are farmed it is often necessary for meas-
ures to be to taken to protect the fish from preda-
tors, as mortality can be high (Carss, 1993), and
they show strong emergency adrenal responses and

also suppression of feeding when predators are
present (Metcalfe et al., 1987). Many of the preda-
tors are species that the general public hold in high
regard, for example seals, otters, herons, kingfish-
ers or gannets. Hence, it is necessary for there to be
anti-predator measures (see Fig. 31.7) that mini-
mize poor welfare of the predators and do not
endanger predator populations. The killing of
predators should be a last resort.

Particular Concerns for Pet Fish

Many of the issues that are important in relation to
the welfare of farmed fish are also relevant to pet
fish. However, as there are a very wide variety of
species of fish kept as pets, so there needs also vary
greatly. A few of the species kept can survive in air
and many are tolerant of relatively low oxygen
concentrations in water. Those who keep fish may
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Fig. 31.4. The sea-lice on this salmon eat its tissues
and cause pain and debilitation (photograph courtesy of
D.M. Broom).

Fig. 31.5. These trout show a maximal emergency
physiological response and subsequent
immunosuppression when removed from water
(photograph courtesy of D.M. Broom).

Fig. 31.6. (a, b) Grading allows fish of different sizes to
be separated but, if they are forced to be out of the
water, the effects are substantial (photographs courtesy
of D.M. Broom).

(a)

(b)



sometimes fail to ensure that air is bubbled through
the water in which fish that need such a supply are
kept. When there are long intervals during which
the container in which the fish live is not cleaned
and there is no other provision for keeping it clean,
the result may be that oxygen levels drop and
pollutant levels increase. In some cases, food given
in excess to the fish starts to decay and becomes a
pollutant. The consequence can be poor welfare.

If fish of different species are kept, it may be that
there is predation of one by the other, especially if
young fish are developing in the container. Even if
one does not attempt to kill and eat the other,
injuries to fins or other parts of the body may
occur. Any such injuries will lead to pain and prob-
ably to fear and other aspects of poor welfare.

One of the most common situations that is likely
to cause poor welfare in pet fish is being kept in a
barren environment. Fish normally live in and
respond to complex environments. It may well be
that the single goldfish in a bowl is very severely

affected by the lack of stimulation. There is little
scientific information on this topic.

Fish are susceptible to a wide range of diseases
and parasites. Many fish kept as pets are harmed
by fungal diseases. Owners may be unaware of
how to prevent or treat their fish and may fail to
seek veterinary advice. There are now specialist fish
veterinary practitioners who can advise on both pet
fish and farmed fish.

Further Reading
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Fig. 31.7. This salmon cage in the sea has cords over the surface that deter predatory birds from landing in the cage
(photograph courtesy of D.M. Broom).
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32 The Welfare of Animals Kept
for Fur Production

Introduction

The term ‘kept for fur production’ refers to the
keeping of animals so that their skins and attached
fur can be used for human garments and for deco-
ration. The skin is also used from animals such as
cattle and sheep that are principally kept for the
production of human food. The welfare of these
animals is discussed in other chapters. Many rab-
bits are in that category (see Chapter 34). Dogs
and cats are eaten in a few countries (see Chapters
35 and 36) but are occasionally kept or killed for
their fur. Apart for these animals, the species that is
truly domesticated and which is often kept for its
fur is the ferret (Mustela furo). Ferrets have been
kept for about 2000 years and used either for
catching rabbits and other small mammals or as
companions. They are now sometimes kept in wire
cages for fur production. The mink (Mustela
vison), red or silver fox (Vulpes vulpes), Arctic or
blue fox (Alopex lagopus), coypu or nutria
(Myocastor coypus), raccoon dog (Nyctereutes
procyonoides), chinchilla (Chinchilla brevicaudata
and C. lanigera) and sable (Martes zibellina) are
scarcely domesticated, having been kept on fur
farms for 20–90 generations only (Hansen, 1996).

The coat characteristics of these animals, espe-
cially of mink and foxes, have been substantially
changed in this time but, as the animals have been
kept in wire cages, seeing humans only intermit-
tently and often in rather disturbing situations,
there has been relatively little adaptation to human
presence. Foxes can be changed genetically (see
below) so that they are considerably easier to tame,
but the degree of human contact needed to tame
the animals is not normally provided on fur farms.
Although studies of the behaviour and other func-
tioning of animals kept for fur production show
that they are scarcely domesticated, a brief sum-
mary of their welfare in fur-farming conditions will
be given here.

Farmed Mink

Increasing numbers of studies relating to the wel-
fare of farmed mink have been carried out in recent
years (Braastad, 1992; Nimon and Broom, 1999).
Mink on fur farms are normally kept in wire-mesh
cages with a nest box at one end of it (see Fig.
32.1), but no other contents except a drinker.
These conditions fulfil some of the needs of mink
but do not fulfil others. Mink in the wild, and
many mink that have escaped from mink farms,
range over substantial areas, spend time in holes
especially when threatened, use water for various
purposes, climb, investigate their surroundings
and, once separated from the family group, spend
little time close to other mink. Evidence for the
aquatic lifestyle of mink includes: (i) their partially
webbed feet and ability to swim fast and dive read-
ily; (ii) the facts that much of their food is derived
from aquatic sources and that they obtain food and
play under water; and (iii) studies of radio-tracked
mink that swam a mean of 250 m once or twice

Fig. 32.1. Mink in typical mink cage on fur farm. The
mink is rearing over the entrance to the nest box
(photograph courtesy of D.M. Broom).



each day. When mink were trained to perform
operants to reach an extra nest, various objects, a
raised platform, a tunnel, an empty cage and a
water pool, the mink gave very high priority to the
opportunity to swim in the waterpool (Mason et
al., 2001).

Farmed mink are fed with fish and avian or
mammalian material that is generally of good
nutrient and hygienic quality. It is usually put onto
the roof of the cage where the mink can easily
reach it. Mink cages have drinkers. Mink usually
breed successfully on fur farms (Elofsen et al.,
1989; Møller, 1992) and, although there are seri-
ous infectious diseases of mink, the health of ani-
mals on fur farms is generally good.

Some mink on every farm show self-mutilation
in the form of fur-chewing (Joergensen, 1985; de
Jonge and Carlstead, 1987) and many show high
levels of stereotypies (e.g. de Jonge et al., 1986);
neither of these problems occur in the wild (Mason,
1991; Dunstone, 1993), nor have they been men-
tioned in relation to different captive conditions
such as zoos (e.g. DonCarlos et al., 1986) or labo-
ratory studies (e.g. Dunstone, 1993). Much the
commonest form of self-mutilation is removal of
fur from the tail by chewing. Most farms have
some mink that do this, and de Jonge and
Carlstead (1987) found that 18% of females did so.
A few mink extend tail-chewing to removal of tail
tissue until it is shortened to a stump. Rarely, mink
may chew and shorten limbs.

Stereoptypies shown by farmed mink include
head-weaving, jumping, route-tracing and twirling.
In some cases stereotypies continue when human
observers are present, but most cease when there is
an interesting or significant event in the mink’s life,
such as the arrival of humans. In one study, 70% of
142 farmed mink showed some stereotypy, and
50% for more than 25% of waking time (de Jonge
and Carlstead, 1987). In another study, 16% of
active behaviour in a large mink unit was spent
showing stereotypies (Bildsøe et al., 1990).

The factors affecting the occurrence of stereo-
typies in mink make it clear that the cage environ-
ment and management methods cause the
problems for these animals. Stereotypies are absent
in the wild, in good zoos and in rich cage environ-
ments. However, they are present in normal and
double-sized cages. The peak occurrence is before
feeding, but they also occur at other times. As men-
tioned above, they may stop if a human observer is
present, so it may be that lack of stimulation is a

key causal factor. More stereotypies and tail-biting
occur if the mink have been weaned at 7 weeks
than if weaned at 11 weeks (Mason, 1994), so
some frustration that the mother can prevent may
be one aspect of their causation. The levels of
stereotypies shown by caged mink are high and,
although some farms seem to have much lower
levels, it is clear that the normal mink environment
is seriously inadequate.

Efforts to improve the mink cage, so that the
needs of the animals are more likely to be met, have
largely involved modification of existing cage
systems. Hansen (1998) reported that mink would
use a platform in the cage, and several authors have
confirmed that the widespread practice of provid-
ing a nest box containing straw improves welfare.
Vinke et al. (2002) found that connecting cages
together and providing a plastic cylinder and a
wire-mesh platform had little effect on the occur-
rence of stereotypies and self-mutilation.
Environmental complexity, rather than just an
increase in cage size, reduced indicators of poor
welfare such as stereotypies and tail-chasing in
mink (Hansen et al., 2007).

Ferrets

Very little research on ferrets has been published.
They generally appear to be much less aggressive
to, or frightened of, humans than farmed mink or
farmed foxes. However, the animals commonly
seen are companion animals that are carefully
cared for by owners who have much affection for
them. Mink are not reared in this way and will bite
humans readily. On fur farms, the ferrets are kept
in the same kinds of cages as are mink. It is likely
that they would be subjected to most of the same
frustrations as a consequence. However, ferrets do
not have partially webbed feet and do not show
strong preferences to swim, play and hunt in water.

Farmed Foxes

Bakken et al. (1994) described the standard condi-
tions on fur farms, for example in Norway or
Finland. Foxes are kept in wire mesh cages, with a
floor area of 0.6–1.2 m2, and a height of 0.6 or
0.7 m (see Fig. 32.2). The smaller cage size is nor-
mally used for the blue fox. Cages are furnished
with a nest box from the onset of the mating season
until the weaning of the cubs. For the rest of the
year, they contain no furnishings or cover. Such
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systems do not meet the needs of the animal and
the result is poor welfare (Nimon and Broom,
2001). In Europe, since the publication of the
Recommendations of the Council of Europe on the
welfare of animals kept for fur production, there
has been an increased realization in the industry
that many consumers are aware of poor welfare in
animals kept on farms. Hence, cages may now
include a shelf for the foxes to sit on and a nest box
whether or not the animals are breeding.

Following birth, the vixen and her cubs are
generally separated at 8 weeks of age, and the cubs
may be kept with littermates until 10 weeks of age.
Pedersen (1991, 1992) reported that, while the
litter remained together, they were housed in dou-
ble standard Danish fox cages, measuring 1.95 �
1.2 � 0.95 m. Thereafter, foxes may be kept singly
or in pairs, generally siblings, in either single or
double standard cages (Pedersen and Jeppesen,
1990; Pedersen, 1991).

Farmed foxes are fed daily in the same manner
as mink (see above; Nimon and Broom, 1999).
They are caught and handled when assessing
oestrus and during mating, fur grading and medical
treatment. On average, breeding animals are
caught or moved up to 20 times per year, and cubs
may be moved up to five times. Handling by
humans and enclosure in a new cage are regular
experiences. Cages, whether containing animals
that will be killed for their fur when fully grown or
animals kept for breeding, normally have mutual
wire walls and are housed together in sheds.

Farmed foxes are reported to exhibit ‘extreme
fear’ of humans and of other foxes, involving trem-
bling, defaecating, withdrawing to the back of the

cage and attempting to bite handlers (Tennessen,
1988). Several studies have examined the possibil-
ity of reducing the state of ‘continuous fear’
(Bakken et al., 1994) by selective breeding. A large-
scale domestication experiment in Siberia selec-
tively bred silver foxes for the elimination of
negative, defensive responses to humans (Belyaev
and Trut, 1963; Belyaev, 1979; Belyaev et al.,
1985; Trut, 1999). This produced a population of
foxes similar in behaviour to domestic dogs. In a 2-
year study, comparing 150 cubs from the selected
population with 123 cubs from unselected foxes
bred for commercial purposes, Belyaev et al. (1985)
found that domestication extended the period dur-
ing which cubs could habituate to people. Cubs
from the selected population showed some devel-
opmental changes, were reported to show no fear-
ful behaviour when placed in a new cage and
exhibited less fear than controls in response to
humans. It has also been reported that females
from the selected fox population came on heat ear-
lier, and that fertile mating sometimes occurred
twice a year (Naumenko and Belyaev, 1980; Trut,
1981; Hansen, 1996).

Further experiments suggested that changes in
brain chemistry and in the development of the pitu-
itary system accompany the divergence between
tame and wild foxes (Malyshenko, 1982; Trut and
Oskina, 1985; Plyusnina et al., 1991; Popova et al.,
1991; Dygalo and Kalinina, 1994). Harri et al.
(1997) showed that Russian silver foxes that had
been selectively bred for 37 generations showed
lower behavioural and physiological responses to
people and handling than foxes bred in the USA.
However, these genetic lines are not being used
commercially. Early experience of humans can have
substantial effects on foxes (Pedersen, 1994), so
tamer genetic lines would still need much human
contact in order to be well adapted to humans, and
there might still be the problem of fearfulness
towards foxes in adjacent cages.

Fox farms have come under public criticism for:
(i) the small size of cages; (ii) the fact that they are
barren, with no contents except a drinker; and (iii)
the use of wire mesh for floors. Increases in the size
of the cage, without a consequent increase in the
complexity of the environment, do not appear to
benefit farmed foxes (Korhonen and Harri, 1997).
However, larger space allowances for foxes can
make real enrichment possible. Nest boxes are sel-
dom needed to protect farmed foxes from low tem-
peratures, but provide a temporary, but often
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Fig. 32.2. Farmed arctic fox in typical cage (photograph
courtesy of D.M. Broom).



important, hiding place that can significantly
enrich the environment (Jeppesen and Pedersen,
1991; Nimon and Broom, 2001). Mononen et al.
(1995b) found that silver foxes used the tops of
nest boxes as a resting place.

In zoos, foxes choose to sit on vantage points
2 or more metres above the ground, and it is 
clear that the addition to cages of elevated plat-
forms for foxes provides environmental enrich-
ment. Platforms of appropriate size have been used
by captive foxes of both species for biologically
appropriate behaviours, and they can evidently
help to meet some needs of foxes (Korhonen et al.,
1996). Traditional fox cages are up to 1 m high,
and any shelf is therefore unlikely to be high
enough to provide an adequate viewpoint. Multi-
cage systems, rather than simple cages, are more
likely to provide better for the needs of foxes.
Experiments involving group housing of animals in
large enclosures or complex cage systems have
found some beneficial effects, but may not be
appropriate during the breeding season. Unrelated
adult foxes may harm one another.

Harri et al. (1995) found that silver foxes pre-
ferred solid floors, provided that this preference did
not conflict with those for resting in an elevated
position and thermoregulatory efficiently. At lower
temperatures, foxes can fluff out their fur and be
better insulated on a wire floor. Wire-mesh plat-
forms seem better suited to Arctic foxes than to sil-
ver foxes.

The incidence of abnormal behaviours in farmed
silver foxes is cause for serious concern.
Stereotypies in farmed foxes are very frequent in
some individuals, especially when they are not
observed by humans, and occur in a larger propor-
tion of individuals in frustrating circumstances
(Braastad, 1993). Reproductive problems are com-
mon in foxes, sometimes associated with abnormal
behaviour and fear of neighbouring foxes. A survey
of all fox farms in Germany (Haferbeck, personal
communication, 1996) found that 45% of silver
foxes and 40% of blue foxes failed to breed,
although the incidence of such problems is lower in
some other countries.

The killing and injury of cubs by their mothers,
starting with tail removal and biting, has been
reported as a common problem on fox farms
(Bakken, 1989, unpublished; Braastad, 1990a, b).
Braastad (1994) found that vixens provided with a
nest box that included an entrance tunnel bore
more offspring and had lower cub mortality up to

3 weeks after birth. The suggestion that infanticidal
vixens are affected by the presence of their neigh-
bours was borne out in the work of Bakken
(1993a), in which vixens that had been infanticidal
were physically and visually isolated from other vix-
ens. They then raised significantly more unharmed
cubs. Furthermore, Bakken (1993b) produced sig-
nificant reductions in infanticidal behaviour by
manipulating the social status of vixens’ neigh-
bours. This strongly suggests that reproductive per-
formance is inhibited and infanticidal behaviour
enhanced among many low-status females on farms
today.

It is clear that there are serious welfare problems
on commercial fox farms and that these have not
been solved by research or the cage modifications
used on farms.

Coypu

The coypu, whose fur is usually called nutria, is a
South American, largely aquatic rodent. Coypu
build nests in reedy areas and may also dig holes in
the banks of lakes and rivers as hiding and living
places. They have webbed feet, swim and dive well
and do not thrive if swimming water is not avail-
able to them. They are kept less often for their fur
now than in earlier years because escaped coypu
have caused such damage to river banks and other
waterways. The musk-rat, Ondatra zibethicus, an
aquatic native of North America, has also been
kept occasionally for its fur and has also caused
much damage in Europe. Captive coypu can adapt
quite well to human contact if handled carefully.
However, little research on their welfare has been
carried out.

Raccoon Dogs

Raccoon dogs have moved their range westward
into Europe in recent years. They are somewhat
smaller and shorter-legged than red foxes and have
been kept in similar cages, largely in Finland.
Although apparently somewhat less nervous of
human contact than foxes, it is not known what
their real reactions to humans are and, as they have
been kept in captivity for such a small number of
generations, it may well be that they have many
problems in adapting. There are no papers on the
welfare of these animals in good-quality scientific
journals.
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Chinchillas

Chinchillas are small South American rodents liv-
ing naturally in rocky mountainous areas.
Chinchilla lanigera is the species most often kept
for fur production. They have been kept as pets for
longer than the short period during which they
have been kept for their fur. When kept on farms,
they are generally not habituated to human pres-
ence and their behaviour makes it clear that they
are frightened by human approach. Since their
major escape response when startled is to jump to
several times their own height, they may well hit
the roof of any small cage and injure themselves.
Hence, no chinchillas should be kept in cages that
do not allow them to jump to the typical escape
response height. This height is probably about
70 cm, but no studies of chinchilla welfare in rela-
tion to space allowance are available.

Male chinchillas show paternal behaviour and it
seems that they normally live as monogamous
pairs. However, they are often kept on farms in
polygamous situations with several females per
male. This may lead to increased aggression and
must lead to social disruption. In some units, the
female chinchillas are fitted with neck collars. It is

not known what effect such collars have on the
welfare of the animals. Dental problems result in
poor welfare in chinchillas and these are wide-
spread, especially on farms.

Since chinchillas seldom live alone, the keeping
of single individuals as pets is likely to lead to poor
welfare. However, some pet chinchillas are kept in
good conditions that appear to meet their needs.
There is little scientific evidence about the welfare
of chinchillas.

Sable

The sable is an active, fierce predator in its Asiatic
range and is rather bigger than a mink. These ani-
mals have been kept occasionally on fur farms but
there is no evidence that they can adapt to cage
conditions, so they should not be kept in cages.

Further Reading
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33 The Welfare of Horses and
Other Equids

Ill-treatment and Neglect

Some of the earliest legislation – the aim of which
was to protect animals – was enacted because of
concern about the welfare of horses. The image of
the horse or donkey – one that was beaten in a way
that led to substantial and long-lasting cuts and
bruises and of the animal loaded so heavily that it
could scarcely move – was used by those trying to
shame society and politicians into taking action to
produce animal protection laws. In some countries,
even now, it is not an offence to beat your own
horse or donkey to death or to make it pull a cart
or carry a burden that causes it to break its back 
or leg. Since the person who carries out the ill-
treatment will have sufficient knowledge to be
aware that great pain and other poor welfare is
being caused to the animal, the actions described
are cruel.

Neglect of horses is sometimes deliberate and
entirely avoidable, sometimes carried out by a per-
son who knows what is being done but is unable to
do otherwise because of their own illness or
poverty, and sometimes accidental because of lack
of knowledge. A common situation is a horse that
is kept in a field, the pasture rate of which produc-
tion rate is perhaps half of that needed by the
horse, but which is given no supplementary food.
The horse gradually starves, with poor body condi-
tion, listlessness and other abnormal behaviour
being the most obvious signs (Fraser, 1984). Since
no person should keep an animal unless they have
taken the trouble to find out how to provide for its
needs, the human owner who gives the horse too
little grazing or other food is doing something that
is avoidable and cruel. The feeding of an unbal-
anced diet to equids is also a cause of poor welfare.
Incorrect feeding is relatively rare in farm animal
production, but not uncommon amongst those
who keep a horse as a companion animal.

Another common cause of poor welfare in
working equids, and in equids kept as companions,

is failure to carry out the normal care required to
prevent the occurrence of pathological conditions
(Fraser, 2003). The care may be of a kind that an
owner or farrier can carry out or it may be the
work of a veterinary surgeon. Hoof overgrowth
because of failure to trim the hoof properly, and
hoof damage such as splitting or other injury that
would not occur if proper shoes were fitted to the
hoof, can be prevented by a knowledgeable owner
or by a farrier. Many ailments can be readily pre-
vented by veterinary treatment but can cause poor
welfare for long periods if untreated. Lack of 
care leading to avoidable disease is also a form of
cruelty.

Riding, whipping and working in relation
to welfare

Horses, donkeys and mules may initially be dis-
turbed by having to carry a human or a cargo load
on their backs but, once trained to do so, their wel-
fare does not seem to be poor when a person or load
of moderate size is carried. Indeed, horses and don-
keys seem to form bonds with their regular riders
and horses may show little reluctance to carry a
rider. In many cases, this is so because the carrying
of a human rider is associated with a more interest-
ing interlude in life and a greater amount of exercise.

There are many situations, however, in which
humans want a horse or other equid to carry more
or go faster than they would choose, or go in a
direction in which they are reluctant to go. The
animal may then be encouraged or punished by
shouting, whipping or goading with spurs. The use
of a whip or kicking by a rider may be at a level of
minor persuasion or may be at a level that causes
substantial injury.

Hence, there is a need to distinguish between
acceptable and unacceptable levels. This distinc-
tion should be made by assessing the effect on the
welfare of the animal. Spurs with 2 cm-long,
pointed spikes can easily puncture the skin, draw
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blood and substantially damage tissue in the area
of the flanks or belly where the rider is kicking and
goading. Therefore, many organizations control-
ling riding either prohibit the use of metal spurs or
limit the size and shape, so that even a very enthu-
siastic or angry rider will not cause severe pain.
The use of a stick can cause visible wheals, whilst
thermal imaging shows the extent of inflammation
engendered in the area struck by the stick. A harder
blow produces measurably more obvious inflam-
mation, and the number of blows with the stick
above a certain threshold of force can be counted.
When the method of evaluating stick use by jockeys
riding racehorses was first used, it became apparent
that some jockeys used much force whilst others
used little. Excessive use of the stick has been pro-
scribed by jockey clubs in many countries.

However, the question of what is excessive is inter-
preted in various ways. If all forms of severe punish-
ment were made illegal, horse-riding sports would be
very much changed. When other animals that are rid-
den are considered, much greater cruelty may be
found to be normal. Elephants are seldom trained,
and in some cases never ridden, without the use of a
15–20 cm-long dagger that can be pushed into the
elephant’s neck. Although this is perhaps understand-
able because the elephant can so easily kill its rider,
the practice calls into question the morality of train-
ing and riding elephants. If dagger use is necessary to
train and ride them, they should not be ridden.

Training methods and welfare

One central moral question in relation to the use of
all animals that have to be trained to behave in a
way that is foreign to them in respect of the move-
ments carried out, in the context in which they are
carried out or the frequency of the action, is
whether or not the training required is humane. If
the welfare of the animals concerned is necessarily
very poor in order that successful training can
occur, most people would say that usages related to
entertainment or profit for a small number of peo-
ple are not justified. The training of most wild ani-
mals in circuses comes into this category. However,
a domestic animal such as the horse can be trained
to be ridden or to pull a cart or plough without very
poor welfare during training. The problem remains
that inhumane training methods are used by some
horse trainers (McDonnell, 2002) and it is often dif-
ficult to detect their occurrence. If it is known that
harsh training methods may sometimes be used, the

whole practice of horse training is put in jeopardy
as the public may demand that it then should cease.

A particularly dramatic phase in the training of a
horse is that which leads to the horse tolerating
being ridden. The normal term for this procedure
indicates that it has often been a very severe proce-
dure: the procedure is called ‘breaking’. This term
implies a violent subjugation of the animal. Harsh
breaking methods clearly lead to very poor welfare
for a period in the life of the horse. However, much
more gentle ‘breaking’ can be carried out. It seems
anomalous that the harsh methods are permitted.

Once a horse can be ridden, some horses are
trained rigorously so that they can compete in
showjumping, cross-country riding, dressage or
racing competitions. Some of the methods used in
such training are mild, friendly encouragement
while others are violent and painful. There is a
need to check more extensively on the methods
used and to eradicate the more extreme practices
that lead to very poor welfare.

The age at which horses are trained for riding in
races can have a great effect on their welfare. If
young horses are trained so that they run fast and
frequently, especially if they run on hard ground,
there may be adverse effects on their bone develop-
ment. The horse-trainer does not want this to hap-
pen but there is a considerable financial pressure on
horse trainers to start training horses to run hard as
early as possible, even if this means that 10% or
even 50% of horses are never able to compete in
races as a consequence. It would be better to
change the rules about the age at which horses can
be raced in particular categories so as to reduce the
risk of premature hard training leading to locomo-
tor anomaly and hence to early death.

Surgical operations

Horses may be subject to mutilations in order that
they can be more easily managed or that they will
look different. Stallions are often gelded, or cas-
trated, so that they are less risky to ride and because
the individuals concerned are not needed for breed-
ing. Castration is painful at the time of its occur-
rence unless anaesthesia and analgesia are used, and
there will be pain when the painkiller effect wears
off. Tail-docking is also painful. Both of these oper-
ations will have consequences for later welfare. For
example, a horse whose tail has been docked may
have very poor welfare because of inability to dis-
lodge and repel flies that irritate or bite.
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Some other operations may be carried out to
reduce the likelihood of occurrence of stereotypies,
harmful procedures that make welfare worse (see
Chapter 23). The firing procedure also leads to poor
welfare and is unnecessary for normal running.

Breeding and welfare

When the enormous changes that have occurred
during the breeding of most farm livestock in the
last 100 years are considered, the changes in per-
formance of horses over the same period are sur-
prisingly small. However, there have been changes
brought about by breeding that have an effect on
welfare. Some strains of horses are described as
nervous and are relatively difficult to train and ride.

Housing and management

Horses are social animals and need contact for a
sufficient time each day with other horses. They

also need roughage and other components in the
diet and regular exercise. Many individuals are
kept in conditions of social isolation, sometimes
with inadequate diets and with too little opportu-
nity for exercise. As explained in Chapters 23 to
27, the housing conditions, feeding and other man-
agement of horses often result in various abnormal-
ities of behaviour and poor welfare. A high
proportion of horses spend some part of their lives
in conditions in which their needs are not met and
their welfare is poor. Housing and management is
the most important welfare problem for most
horses (see Fig. 33.1).

Further Reading

Fraser, A.F. (2003) Humane Horse Care. Canadian Farm
Animal Trust, Barrie, Ontario, Canada.

McDonnell, S.M. (2002) Behaviour of horses. In: Jensen,
P. (ed.) The Ethology of Domestic Animals. CAB
International, Wallingford, UK.
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Fig. 33.1. Horses are social animals and, like these two foals, frequently interact when they have the opportunity.
Isolation housing causes poor welfare in horses (photograph courtesy of A.F. Fraser).
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34 The Welfare of Farmed and
Pet Rabbits

Rabbits are kept as companion animals, as farmed
animals for meat production and as laboratory ani-
mals. There are several species of rabbits in the
world, but it is Oryctolagus cuniculus that is kept.
In almost all cases these animals are kept in cages.
Even pet rabbits will usually not stay with humans
if they have the choice. The size of the cages varies
according to the purpose for which the rabbits are
kept. Some pet rabbits have much more space than
those in laboratories or on farms, but others are in
very cramped conditions. Rabbits kept in laborato-
ries for research purposes generally have substan-
tially more space than rabbits on farms kept for
meat production. This is not logical in relation to
the needs of rabbits, but human attitudes to rabbits
vary according to human use!

The numbers of rabbits kept are very large and
the rabbit meat production in Europe is about 0.5
million t per year. How do we assess the welfare of
rabbits? The range of measures is similar to that
for all other animals. One of the indicators that has
been used in evaluating rabbit welfare is stereo-
typy. These are regularly observed in caged rabbits
and may be due to a lack of environmental stimuli
and a lack of control over their environment. In
laboratory rabbits, other behaviours in addition to
stereotypies have been used as welfare indicators,
including nosing – which is sliding the nose up and
down the bars of the cage, head in corner, head
swaying, partial rearing and chewing and licking
activities that are seen in caged animals to a greater
extent than in penned animals with no roof
(Morton et al., 1993).

In addition, behaviour in a novel pen test and
the reaction of rabbits to a tonic immobility test
have been studied in order to attempt to assess the
fear reactions to a new environment and towards
humans. Physiological indicators such as leucocyte
numbers, adrenal weight, ascorbic acid, corti-
costerone and testosterone levels have also been
studied in rabbits. Fenske et al. (1982) found that

handling and placing rabbits in a new environment
were stressful, while Verde and Piquer (1986)
found higher corticosterone and ascorbic acid
levels in rabbits reacting to heat stress (32–34°C)
and noise stress (90 ± 5 dB, 200 c/sec) in rabbits
caged for 42–43 days. High heat (42°C for 4.5 h)
elicited substantial cortisol increase and other
physiological emergency responses in rabbits (De
la Fuente et al., 2007).

Female rabbits used for breeding on rabbit
farms are often kept in wire-mesh cages 60–68 cm
long, 40–48 cm wide and 30–35 cm high. Such a
cage provides the rabbit with a floor area of
2400–3120 cm2. A nest box may be put into the
cage when she gives birth and removed at the same
time that the mother is removed when the kits are
21–25 days of age. Five or six young rabbits may
then be left in the cage until they reach the slaugh-
ter weight of 2.0–2.8 kg. At this time, each rabbit
would have 480–520 cm2 of floor space. If a larger
cage is used for ten rabbits, each rabbit may have
450 cm2 of floor space (EFSA, 2005).

The height of normal rabbit farm cages does not
allow the adult rabbit to adopt some normal pos-
tures. It may not be possible to erect the ears and
there are very few rabbit cages in which the animal
can rear up on its hind legs. There may be a possi-
bility of ears extending through the roof of a cage
and hence being injured. Rabbits are unable to
jump in the cages. The escape response may be to
jump, so low-roofed cages must pose some prob-
lems for rabbits, especially until such time they
have learned not to jump when disturbed.

Breeding female rabbits readily mate post-
partum, and often have six litters of an average of
ten kits each year. Reproducing at this rate, they
live for 1 year on average. This time is very short in
relation to the potential lifespan of a rabbit. Hence,
it can be deduced that these breeding females on
rabbit farms are subject to severe conditions that
result in poor welfare. Poor welfare in breeding



female rabbits may be caused by artificial insemi-
nation procedures, as these are often carried out
very quickly.

The wire floor of the rabbit cage can cause dis-
comfort and paw injury. Mirabito and Delbreil
(1997) surveyed French rabbit farms and injuries
were graded according to the classification scale of
Drescher and Schlender-Bobbis (1996). On aver-
age, 12% of female rabbits had paw injuries that
were sufficiently serious for them to show signs of
discomfort. Rosell and De la Fuente (2004) found
that 9% of Spanish does had such injuries. Princz
et al. (2005) found that mortality and ear lesions
were higher in rabbits housed on plastic-mesh than
on wire-mesh floors.

Rabbit behaviour and welfare may be positively
affected by repeated handling carried out by famil-
iar people. Rabbits handled as kits show reduced
fear of humans later in their lives compared with
unhandled controls. Handling is effective when it 
is performed during a sensitive period, around 
the first week post-partum and near the time of
nursing. Rabbit behaviour and welfare may be
positively affected by repeated handling carried out
by familiar people.

The welfare of rabbits is improved by providing
them with hay, metal toys and pieces of wood inso-
far as they spend a high proportion of their time
interacting with these additions to their cages and
do not habituate to them (Huls et al., 1991). In a
study by Lidfors (1997), hay elicited much more
interaction time from rabbits than sticks or a box.
At the same time, ‘abnormal’ behaviours such as
licking, gnawing or nibbling at cages were halved
when animals were provided with hay or grass
compared with animals provided with other items
of enrichment or with nothing. However, some of
this effect could be because the hay could be eaten.
Gnawing of the bars of the cage was a behaviour
that was reduced if rabbits had access to wooden
sticks as an environmental enrichment. Weight gain
was greater in the rabbits provided with sticks.

Stauffacher (1992) suggested that it may be
necessary to consider the layout of cages to provide
female rabbits with a retreat or resting area where
they can get away from their kits. He proposed
installing an elevated area, a platform, a separate

compartment or a tunnel within the cage for this
purpose. Finzi et al. (1996) pointed out that
installing a raised platform in a cage has the advan-
tage of increasing the space available for the ani-
mals without altering the area the cage occupies on
the ground (cage footprint). They designed a cage
with a 22 cm-high platform and found that, over a
15-day period, females spent 53% of time on the
platform. In contrast, covered areas such as tunnels
were used very little, only 2% of the time, in keep-
ing with observations by Lidfors (1997).

Under farm conditions, over a conventional 42-
day breeding cycle, Mirabito et al. (1999, 2002)
tested the impact of a platform on animals’ occupa-
tion of the space provided. When females were
nursing, the time spent on the platform increased
from 20 to 35% between the second and fourth
weeks after parturition, which is the time corre-
sponding to the emergence of the kits and the
removal of the nest boxes. Although practical
problems remain to be solved (Mirabito, 2004), it
is clear that the presence of a platform improves
the welfare of rabbit does with kits.

Rabbits are social animals and many on farms, in
laboratories and as pets are kept socially. Systems
for group-housing of laboratory rabbits are
described by Batchelor (1999). However, on farms,
barren does, future breeding stock and male rabbits
are frequently kept in small cages on their own.
Males in laboratories and animals in many test
stuations are isolated. Many pet rabbits are also
kept for much of their lives in isolation. Lack of
social contact is a serious deprivation for a rabbit,
so the welfare of those kept in social isolation will
be poor. Since some males will fight, living in a cage
where the individual is the subject of aggression will
also result in poor welfare, unless the space quality
is such that there are opportunities to hide from
potential aggressors.

Further Reading

EFSA Scientific Panel on Animal Health and Welfare.
(2005) The welfare of farmed rabbits. http://www.
e f s a . e u r o p a . e u / e t c / m e d i a l i b / e f s a /
science/ahaw/ahaw_opinions/1174.Par.0010.File.da
t/ahaw_rabbits_report2.pdf
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35 The Welfare of Dogs

Domestication and Breeding

The association between wolves and humans, since
dogs are wolves, is at least 12,000 years old. Both
species derived from that initial association, which
has almost certainly centred around abilities in
relation to hunting of large prey, and it could just
as well be said that dogs domesticated humans as
the other way around (Broom, 2006a). In order to
exploit the ecological niche of association with
humans, dogs had to change genetically in some
ways. Individuals with neotenous, prolonged,
puppy-like characteristics were more likely to sur-
vive, as were those able to breed even when in close
proximity to humans. The dog and the human
regarded the other as, to some degree, a member of
their pack or tribe. Some species of animals would
not have been able to do this, and so the commen-
sal, mutually beneficial situation would not have
been able to arise. Dogs seem often to benefit from
human company, and vice versa.

Although some genetic changes would have
existed in all dogs associating with humans, vari-
ous roles in human society were assumed by dogs
and different characteristics were advantageous for
each. Those whose main role was to run down
prey that humans would then kill became even bet-
ter at prolonged running in a coordinated group
than their wild ancestors. Those whose role was to
take on dangerous animals in combat and to hold
them needed bigger jaw muscles and neck muscles
than a wild wolf. Those living all of their lives like
puppies in human habituations required substan-
tially different anatomical and behavioural quali-
ties. Dog breeds arose initially because of the
requirements for those roles or for those of live-
stock guarding, giving alarm about intruders,
retrieving small animal prey, flushing hole-dwelling
animals or draught.

Once the diverse types of dogs had arisen, peo-
ple bred them to look a little more impressive or
extreme in various ways. Very large, very small,

long-haired, short-faced, short-legged, very fast-
running and very tenacious and powerful breeds
were all developed. People selected dogs for non-
functional, non-biological characters to the extent
that dogs that were deaf, hardly able to see, unable
to breathe normally, hyper-excitable or prone to
disorders such as hip dysplasia, seizures, ingrowing
eyelashes or excessively folded skin were produced.
All of these characteristics resulted in poor welfare,
but breeders still tried to produce more and more
extreme characteristics.

The majority of people nowadays consider that
it is morally unacceptable to continue the genetic
line if a dog is likely to pass on genes and hence
have progeny that would have any of these charac-
teristics. In that case, breeds such as the Bulldog,
Shar-Pei and Pekingese should cease to exist, as
should some or many genetic lines of the English
Setter, Dachshund, Boxer, Dalmatian, Keeshond,
German Shepherd, Golden Retriever, etc. However,
not every person thinks in this way.

Mutilations

Mutilations and other breed qualities that
cause poor welfare in dog breeds

Some dog breeds routinely have parts of their
anatomy surgically altered for cosmetic reasons
associated with breed standards. The most obvious
examples are: (i) the docking of tails, as seen in the
Corgi, Boxer, Poodle, Rottweiler and other breeds;
and (ii) the cutting of ears to make them pointed.
All dogs use their tails to a great extent in commu-
nication, and all of these breeds above are seriously
deprived of communication ability by the lack of a
normal tail. The action of cutting off the tail is
painful, as the tail is well supplied with pain recep-
tors; this is normally undertaken, without anaes-
thesia or analgesia, in the first 7 days of life.
Tail-docking is likely to cause intermittent or con-
tinuous pain because of neuroma formation after



the tail is docked. Very rarely, a tail might have to
be docked after injury for therapeutic reasons, but
systematic docking of all dogs of a breed or of dogs
used in a particular way is never in the interest of
the dog. Claims that dogs need to have their tails
docked because they will be injured by vegetation
are spurious. Removal of long hair on the tail
might be helpful, but the removal of bone, skin and
nerves is not.

The cutting of ears to make them pointed in
breeds such as the Doberman and Rottweiler is
entirely cosmetic and will cause pain both when
carried out and during healing. The ears are also
normally involved in signalling.

Dog breeds with long hair are sometimes left
with long hair, even if it impairs their sensory, loco-
motor or other function. One example is the Old
English Sheepdog, which often has hair hanging in
front of its eyes so that it cannot see. Owners of
dogs who would be appalled at the idea of remov-
ing the eyes of their pet are willing to keep it so that
it is permanently unable to see because the hair in
front of its eyes. The welfare of such a dog is clearly
very poor. Some individual dogs have hair on the
body or tail that trails along the ground and
catches on vegetation. Other dogs are left with long
hair in conditions where this makes it more likely
that they will overheat, or are partly shaved in cold
conditions. All of these actions cause poor welfare.

Mutilations for the convenience of owners

Dogs may have their vocal apparatus removed to
stop barking; this is done for the benefit of the
owners or of other humans and does not benefit the
dog, except when it would otherwise have been
killed. Occasionally, dogs have teeth removed to
stop biting; this might benefit other dogs, as well as
humans, and may allow the subject dog to have
more freedom of movement. However, the severe
deprivation would have to be balanced against any
advantage of doing this.

The most widespread mutilations carried out to
facilitate dog management are castration of males
and spaying (ovario-hysterectomy) of females.
Intact male dogs roam over considerable distances
in search of bitches on heat and they mate with
females when they have the opportunity to do so.
Pet owners may not want a particular male to
father the puppies of a female in or near the house-
hold. Hence, the dog is castrated. The operation is
usually carried out by a veterinary surgeon, invari-

ably involving the use of anaesthesia and analgesia.
Some pain will still occur, but the greater effect is in
changing the behaviour and character of the dog.
These are effects causing poor welfare. The extra
freedom allowed to the dog after castration coun-
terbalances this to some extent.

When bitches are spayed the operation is more
substantial, so the resultant poor welfare is more
significant than for castration of males. The bitch
may be spared frequent pregnancies and will have
more freedom at times when heat would otherwise
have occurred. However, the effects of spaying on
the character of the female can also be substantial.
Inability to have puppies at all during life is clearly
a deprivation for a bitch.

Behavioural Problems

Deprivation of social contact

Dogs naturally live almost all of their lives in the
company of pack members. If a dog lives with par-
ticular humans for some time, those people may be
treated as pack members. Since dogs make consid-
erable efforts to associate with other dogs or
humans, particularly pack members, and show
signs of disturbed behaviour when unable to do so,
it seems that social contact is important for them.
Abnormalities of canine behaviour when left alone
in a house are widely reported. The dog may dam-
age items of clothing or furniture, especially those
that smell of a familiar human, may bark exces-
sively or may show signs of depression. Such prob-
lems are usually much reduced if the dog has a
companion, preferably another dog, during any
period when the human companion is absent.

Insufficient variety in the environment

Although many dogs have living conditions that
are diverse and interesting, some are kept in bare,
concrete kennels or small cages. A dog may be
restricted in movement by a chain or rope in such a
way that many potentially interesting environmen-
tal events are out of reach. Such problems are much
more common in guard dogs than in companion
dogs. A guard dog may have a companion and a
large area to patrol, but some are tied and serve a
function purely as means of warning or deterring
people.

Lack of environment complexity is much more
of a problem in dogs living in boarding kennels,
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quarantine kennels, dogs’ homes or laboratories.
Research on the ways in which the environment
could be improved for such dogs was carried out
by Hubrecht et al. (1992, 1993).

Harsh or inadequate training methods

There are still some dog owners who believe that
dogs never learn to be obedient unless beaten vigor-
ously. There is a great difference between frequent
beatings and occasional physical punishment at the
level that a bitch might use with her puppies. In
addition to punishment that is too heavy and
painful, punishment that achieves nothing because
the dog does not know why it is being punished
leads to poor welfare. Owners often fail to allow a
dog to associate either punishment or reward with
the action that is being reinforced, with the result
that the dog does not learn and the owner becomes
frustrated. Reinforcement contingent upon action
is of key importance in dog training.

Allowing dogs to assume inappropriate roles
in human households

Even small dogs can be aggressive, assertive and
violent. Humans who live with dogs have to make
it clear to the dog that they are in charge and they
take the key decisions. If this is not done, the dog
may take some degree of control and eventually has
more or less severe problems, perhaps to the point
of being killed. In general, the sitting dog should
always be at a lower level than the owner, and the
owner should decide when feeding, walks and
other activities occur. When on a walk, the owner
can reasonably allow the dog to stop and explore
sites of olfactory interest, etc. Guidance concerning
such matters is provided by Appleby (2005).

Allowing dogs to attack humans, pets or
farm animals

Dogs may attack because they are defending terri-
tory or an individual, defending their food, demon-
strating their high social status or acting in a
predatory way. The dog may be said to be showing
different forms of aggressive motivation in the first
three cases, but predatory behaviour is not aggres-
sion – it is a different kind of motivation. Predation
is usually carried out in groups of two or more, so
most dog attacks are seen on children or weak
adult humans; some serious attacks on pets or farm

animals are carried out by two or more dogs. Many
dog owners fail to prevent their pet dogs from
being aggressive in certain circumstances, and some
actively encourage their pets to attack intruders or
those indicated by the owner. Cases of aggression
in dogs are discussed by Podberscek (1994) and
Podberscek and Serpell (1996). Most actions that
result in dogs being aggressive or predatory are
likely to cause the dog to be much restricted in its
movements because it is confined, chained or muz-
zled, and hence to have poorer welfare than it
would have had if differently trained.

Some domestic dogs chase, attack and kill wild
animals and are rewarded for doing so, firstly
because this is a natural and rewarding behaviour,
and secondly because they can sometimes obtain
extra food from what they catch or thirdly because
some owners reward them for doing so. If the
owner wants the dog to attack or retrieve the wild
animal without eating it, careful training is needed.
If the owner does not need the prey but derives
amusement or profit from the actions of the dog,
the behaviour may be encouraged. Dogs used to
guard the property or person of the owner may be
trained to attack, or not discouraged from attack-
ing, in many situations. Some dog owners encour-
age their pets to attack and kill cats or small dogs.
Others discourage such actions but have difficulty
training the dog to attack some smaller, running
animals that happen to be wild but not to attack
pets.

Some dog owners encourage their pets to threaten
or attack intruding humans in a particular area or
near the owner (see Fig. 35.1). These dogs may well
continue to threaten or attack when in other situa-
tions. Many dog owners, especially those living in
towns, fail to teach their pets not to attack sheep,
chickens or other farm animals. Even dogs that
would never attack another animal in a city will
sometimes attack when in a farm field, usually
because they have not been specifically trained not to
do so. Dog training is a difficult and skilled pro-
cedure. Much harm caused by dogs to humans, pets
or farm animals is the result of deliberate training to
attack, accidental training to attack or failure to
train the dog properly.

Every dog owner takes on a responsibility to
train their dog properly when they assume owner-
ship or control. If the dog does harm, the person or
persons who should have trained it are responsible.
Some dogs are much harder to train than others,
but the owner should know how well the dog can
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be controlled and then has to restrict the dog
accordingly. Hence, if a dog is not well trained and
its attacks are not easily preventable, its welfare
may be poorer because it is muzzled, kept on a lead
or kept in a restricted area by its owner. A dog may
also be severely punished for its attacking actions
when these are sometimes the fault of the owner.
The welfare of badlyly trained dogs is often very
poor. Some dogs are killed because of their history
of attacking.

Other Problems

Inappropriate feeding and other treatment of
domestic dogs

There is now much information about the best
diets for domestic dogs. Dog owners can readily
find out what food is suitable and what is not. The
best advice may not be that provided by some pet
food companies, because the companies may wish
to sell expensive ‘treats’ for dogs as well as bal-
anced pet foods. However, problems occur in dog
diets mainly because of inappropriate feeding by
owners. Pet owners sometimes assume that foods
that they enjoy will be good for their dog: dogs do
not thrive well on the diet of modern, affluent
humans. They may well be given too much sweet
food, too much carbohydrate, too much protein,
not enough fat, not enough trace nutrients or, espe-
cially, not enough fibre. When dog owners have

insufficient food for themselves, dogs may be fed
too little food in total or too little expensive pro-
tein. Dogs dressed in clothes or otherwise treated as
if they are human may have problems coping with
this situation.

Inadequate treatment of disease

As with all domestic animals, if a disease condition
or injury is untreated the welfare of the animal can
be very poor. Some dog owners have insufficient
money to pay for veterinary treatment. Others do
not choose to spend money on treatment for their
sick or injured dog. In either case, dog welfare can
be poor or very poor. A question arising in these
circumstances – and also arising when an injury or
disease condition cannot be treated in a way that
prevents poor welfare – is whether or not the mag-
nitude of poor welfare, i.e. a function of its severity
and duration, is sufficient for the owner to decide
that it is better for the dog if euthanasia is carried
out. As mentioned earlier, the term euthanasia
should be restricted to killing an animal for its own
benefit. This is a simple decision for some people
who consider that no degree of poor welfare justi-
fies killing the animal, i.e. there is no such thing as
euthanasia. For others, the magnitude of the poor
welfare during the remainder of the animal’s life
has to be balanced against the loss of good welfare
associated with its death and the actual killing. In
most cases where this decision has to be taken, a
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Fig. 35.1. These Filho
Brasileiro dogs are trained
to guard the owners’ house
(photograph courtesy of
D.M. Broom).



humane method of killing not involving any signif-
icant amount of poor welfare during the euthanasia
will be used.

The discussion about euthanasia above has some
relevance to the killing of animals for the benefit of
the owner. In this circumstance too, most owners
would ensure that a humane killing method was
used. If an animal is killed because it is inconven-
ient to look after it – rather than to save it from
poor welfare associated with injury or disease,
including that part of disease that involves serious
malfunction associated with degenerative change –
the killing is not euthanasia. Even though the
killing of an animal because there is nobody to
look after it is best avoided, if all possibilities for
rehoming the animal have been investigated it
would be unacceptable to most people to release
the animal into a feral condition. A dog released
from a home environment may well starve, become

diseased or become injured because of vehicle traf-
fic or the actions of humans or other animals.

The welfare of stray dogs is often very poor. A
further factor is that stray dogs cause poor welfare
and death in other animals. They may also have
harmful effects on the environment, for example,
on populations of prey species. In total, these
effects on dog welfare and the environment are so
great that the release of dogs in the environment
should not be allowed, any stray dogs should be
collected and, in my view, if no suitable homes in
private houses can be found for them within a
short time, they should be killed (see Fig. 35.2).

Further Reading

Serpell, J. (ed.) (1995) The Domestic Dog, its Evolution,
Behaviour and Interactions with People. Cambridge
University Press, Cambridge, UK, pp. 2–4.
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Fig. 35.2. Stray dogs in
Mauritius were collected
up by the MSPCA. These
dogs have a harmful effect
on the indigenous fauna
and they are often
diseased, so their welfare
can be poor (photograph
courtesy of D.M. Broom).



36 The Welfare of Cats

Domestication and Breeding

Most people think that cats are substantially
different from dogs and other pet animals, and the
scientific literature generally supports this. The cat
is a North African and Middle Eastern species and
the association between humans and cats has
existed for at least 9500 years, for example in
Babylon and Ancient Egypt (Vigne et al., 2004).
Central America and East Asia, where human soci-
ety developed to a high level as early as or earlier
than in Europe, North Africa and the Middle East,
did not have species of cat amenable to close asso-
ciation with man.

Some may argue that no cat has a substantial
association with man and no cat is domesticated in
the sense that dogs, cows, horses and pigs are. Cats
are less changed by man, more independent and
more likely to find food outside the human house-
hold than are most domestic animals. For this rea-
son they are much loved by some people and
greatly reviled by others (Serpell, 2000).

Cat breeding has led to some anatomical and
brain changes that are seriously maladaptive and
to other changes that preserve the species quality of
cats, while reducing their fear of humans and their
difficulties in adapting to human habitation. Some
cats have been changed genetically during breed-
ing, so they have excessively nervous reactivities,
high levels of aggression towards humans, very
short legs, lack of fur or predisposition to serious
disease conditions. The welfare of these animals
will be poor. Whatever the penchants of cat show
judges, none of these conditions is acceptable to
the average person. Cat breeding has been subject
to many of the same pressures that have led to the
production of grossly maladapted animals whose
welfare is poor, as in other domestic animals
(Steiger, 2005).

Mutilations of Cats for the Convenience
of Owners

Cat owners are almost always averse to being
scratched by the claws of cats, many people notice
the nocturnal vocalizations of cats and some own-
ers are disturbed by rivalries amongst cats that lead
to excessive noise or intermittent injury. As a con-
sequence of the first-mentioned point, some cat
owners take care to train their cats not to use their
claws in their interactions with humans. Other
owners do not take such care and attempt to
resolve the problem of being scratched by removal
of the claws of cats. This operation has substantial
effects on the ability of the cat to defend itself
against other cats and therefore, like the removal
of any biologically important ability, can lead to
poor welfare in mutilated cats. The operation itself
will involve some pain to the cat, as the claws con-
tain sensitive tissue.

The most widespread mutilation of cats is cas-
tration. Intact male cats may spray urine within
their home environment, go out of the home for
long periods, vocalize at night, become involved in
fights and father offspring. All of these qualities are
natural, but some cat owners are unwilling to train
the cat to restrict their spraying and unwilling to
tolerate the behaviour that they cannot prevent by
training. One answer to this is not to own a cat.
Another answer is not to own a male cat. A third
answer is to castrate the cat. Castration causes
some pain, even if anaesthetic and analgesic are
used by the veterinary surgeon and greatly changes
the character of the animal. Similarly, female cats
can be spayed (ovario-hysterectomy) by the use of
a much more substantial and invasive operation
than castration. This also involves pain and
substantially changes the animal. Spayed cats are
more masculine and may be less easy to manage.
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However, they do not change their behaviour sub-
stantially during oestrus and do not have kittens.

Unwanted Cats and Methods of Killing

In the consideration of cat welfare, one considerable
issue is the unwanted kitten or cat. If people have to
care for an unwanted animal, they may not treat it
well. Alternatively, they may kill it in an inhumane
way, for example by drowning. As those people
who have almost drowned can testify, drowning is a
terrifying and relatively prolonged experience, even
for a land animal. Cats will have very poor welfare
for 2–5 min if they are drowned, so drowning is an
unacceptable method of killing. As discussed in
Chapter 35, killing for human convenience is not
euthanasia and is sometimes not humane.

Behavioural Problems

Insufficient variety in the environment

Some cats live socially and may be greatly affected
by deprivation of social contact (see Fig. 36.1), but

many cats seem to have good welfare in the
absence of possibility to interact frequently with
conspecifics. However, cats do require a relatively
complex environment during the time that they are
active if their welfare is not to be poor.

The features of a cat’s environment that lead to
good welfare have been described in detail by
Rochlitz (2000, 2005). Cats kept in groups prefer to
be able to sit on a raised platform or shelf rather
than on the ground. The possibility of looking out
over the immediate environment seems to be impor-
tant to cats (Podberscek et al., 1991; Rochlitz et al.,
1998). Some cats are disturbed if another individual
is in very close proximity (Bradshaw and Hall,
1999), and the welfare of many cats is not good
unless they have the opportunity to hide (Casey and
Bradshaw, 2005). In contrast to species whose mem-
bers aggregate during resting periods, such as sheep,
cattle, dogs, pigs and poultry, cats prefer to keep a
few body lengths between them and the next nearest
individual. A cat that is unfamiliar with group living
may choose to maintain many metres of space from
the next individual. On the other hand, cats may
feed together amicably (see Fig. 36.2).
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Resources of importance to cats include material
that allows them to scrape with their claws. A par-
ticularly effective scratching material is rope or
string wrapped around a post. The post should be of
such a size that the cat put a forefoot either side of it
and scrape the claws over it (see Fig. 36.3). Some
individuals in a group of cats may monopolize
resources (van den Bos and de Cock Buning, 1994).

Cats also need to be undisturbed by humans
when they are resting. A cat in a small cage, repeat-
edly passed by unfamiliar humans, is always dis-
turbed and responds by lying down and moving
very little. It is important for all who wish to appre-
ciate cat welfare to be able to distinguish between a
resting cat and a cat that is lying largely immobile
but is severely disturbed by events round it
(McCune, 1994). If heart rate and cortisol concen-
tration in plasma can be measured in such cats,
these parameters are found to be at high levels.
Similar behaviour is shown by cats that are afraid
to go out of a house because an aggressive, domi-
nant individual would attack that individual if it
ventured out. A cat owner whose cat has normally
gone out of the house but which suddenly refuses
to go out should consider the possibility that the
cat is being severely bullied when it does go out-
side. Another hazard for free-ranging cats is the
motor vehicle. Rochlitz (2003a, b) found that
younger cats and male cats were more at risk.

Cats also prefer some dietary variety: tinned cat
food is generally of good quality, but cats fed the

The Welfare of Cats 325

Fig. 36.2. Three cats
eating together with no
obvious competition
(photograph courtesy of
D. Critch).

Fig. 36.3. Cats using a scratching post with several
shelves (photograph courtesy of T. Malone).



same food every day may be more likely to try to
supplement their diet by killing wild animals.

When a cat from a human home has been in a
cage environment for some time, for example when
in quarantine for 6 months, the behaviour becomes
more and more abnormal and behaviour towards
familiar humans changes (Rochlitz et al., 1998;
Rochlitz, 2005). The changes in behaviour and
welfare are profound enough to make it clear that a
6-month quarantine period in the life of a cat is a
severe imposition. The avoidance of rabies intro-
duction, the main reason for the quarantine in
some countries, is better achieved by vaccination
and careful monitoring.

For laboratory animals, or other animals caged
for long periods, housing conditions and manage-
ment practices that lead to better welfare are of great
importance. A cat that lives for all of its life in labo-
ratory conditions depends on the environment pro-
vided and the laboratory staff, carers, etc. Its welfare
is much improved if it has a sufficiently complex
environment that meets most of its needs, sufficient
exercise and sufficient social interaction. One impor-
tant need is to be able to hide from humans and
other cats. Carlstead et al. (1993) found that caged
cats that were unable to hide had higher urinary cor-
tisol concentrations than those that could hide.
However, most caged cats and some domestic cats
have no opportunity to hide. For any caged cat, the
complex prey-catching environment is largely or
completely absent, so there must be compensation in
social interaction with other cats and interaction
with humans. The welfare of cats in small cages with
little or no enrichment and only occasional human
contact will be poor.

Harsh training methods

Unfortunately for cats, many humans have the
view that cats do not need to be trained. They are
then surprised to find that the cat may defaecate in
inappropriate places, claw the owner or damage
property. Cats need training just as much as dogs
do. Where an action by a cat is to be rewarded or
punished, it is very important that the reinforcer is
made contingent upon the action. The cat will not
learn unless it is quite clear to it what action is
being reinforced. Poor training on the part of cat
owners leads to abnormalities of behaviour and
poor welfare in cats. If cats are punished in a way
that does not contribute to learning, or punished in
an excessive way, welfare will be poor.

Cats are occasionally trained to carry out tricks
or other unusual behaviour, but this is not done
often because they are not easy to train. As a conse-
quence, when they are trained, the methods of
training may be harsh. The animal may become
very frightened of the trainer and may sometimes
be subjected to pain or serious deprivation.

Allowing cats to have inappropriate social
positions in human households

Cats are renowned for independence and may not
seem to seek dominance over humans. However,
within groups of cats it is sometimes clear that one
controls the others in an aggressive way. This can
lead to very poor welfare in the subordinate cat,
especially if it cannot leave the company. The cat
owner can be considered to be a subordinate by a
cat living in the house, and a cat that perceives a
human as subordinate can cause problems for that
human. An aggressive cat, or one that cannot be
moved without risk of injury to the humans who
attempts to move it, is unacceptable in most human
households. Eventually, there are likely to be severe
problems for that cat and hence poor welfare.

Managing the impact of cats on wild animals

Some cats kill large numbers of wild mammals and
birds (Fitzgerald and Turner, 2000). Whilst some of
these wild animals are pests and the cat is doing the
job required of it, many are not. The welfare of ani-
mals caught by a cat is often very poor, and some
wild species have been eradicated by cats. The
severe depredations of feral cats on some islands
that did not previously have such a predator have
resulted in cat eradication (Slater, 2005). Some
trapping and poisoning methods used have been
inhumane, but it is possible to use cage-trapping
and then removal or human killing. Accurate
shooting can also be humane. Some feral cats are
well fed by humans, while others depend on wild
prey and may be malnourished. Disease can be a
serious welfare issue in populations of feral cats
but, as reviewed by Slater (2005), there is variation
in the prevalence of disease.

In a country where there are vulnerable wild ani-
mals such as relatively slow-moving or slow-react-
ing marsupials, flightless birds or slow-moving
reptiles, there is a strong argument for cat keeping
to be illegal. In most countries, to allow widespread
killing by cats seems unbalanced, so cats should be
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forced to wear a bell and should be kept indoors if
they continue to kill. Cat welfare is better if the cat
can go out wearing a bell than if kept indoors. A
balance is needed between the welfare of the cat
and welfare and conservation of wild species.

Other Problems

Inappropriate feeding and other
treatment of cats

Many cats are overfed and become very fat, resulting
in poor welfare. The reason may be that the owner
gives the cat too much inappropriate food or too
much food in total, such as sugar or other carbohy-
drates (Sturgess and Hurley, 2005). Cats are some-
times given a diet lacking necessary nutrients. Since
they are entirely carnivorous animals, their diet must
include protein from mammals, birds or fish.

Owners sometimes treat cats as if they were
human children. Whilst some of these actions are
harmless, others can cause poor welfare. For exam-
ple, cats find it difficult to adapt to being dressed in
human clothes or cuddled.

Inadequate treatment of disease

Some cat owners are unwilling to acknowledge that
their pet is diseased or unwilling or unable to pay
for veterinary treatment. Wherever injuries or dis-
ease conditions are present, welfare is poorer than
it would otherwise be. The welfare of the cat may
be very poor but could be improved by veterinary
treatment. Because of the relatively low purchase
price of many cats and, indeed, because many kit-
tens are given rather than sold, some owners are
more unwilling to pay for veterinary treatment
than are dog owners. Hence, disease is a relatively
common cause of poor welfare in cats (Sturgess,
2005). If disease or injury is treated by a veterinary
surgeon, there should be follow-up assessment of
welfare to check that the cat is recovering well
(Christiansen and Forkman, 2007).

Further Reading

Rochlitz, I. (ed.) (2005) The Welfare of Cats. Springer,
Berlin.
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Glossary

Abnormal behaviour, Aberrant behaviour

Behaviour which differs in pattern, frequency or
context from that which is shown by most mem-
bers of the species in conditions that allow a full
range of behaviour (see Chapter 23).

Action pattern

A sequence of movements shown by an individual
that is repeated on subsequent occasions in largely
invariate form (see Chapter 2). Other individuals
may show similar action patterns.

Adaptation

This refers to processes at different levels. At the
cell and organ level: (i) the waning of a physiologi-
cal response to a particular condition, including
the decline over time in the rate of firing of a nerve
cell. At the individual level: (ii) the use of regula-
tory systems, with their behavioural and physio-
logical components, in order to allow an individual
to cope with its environmental conditions (see
Chapters 1 and 6). In evolutionary biology: (iii) as
a noun, any structure, physiological process or
behavioural feature that makes an organism better
able to survive and to reproduce in comparison
with other members of the same species. Also: (iv)
the evolutionary process that leads to the forma-
tion of such a trait.

Aggregation

A group of individuals, comprised of more than
just a mated pair with the dependent offspring,
gathered in the same place but not necessarily in a
true social group.

Aggression

An act or threat of action, directed by one individ-
ual towards another, with the intention of dis-
advantaging that individual by actually or
potentially causing injury, pain or fear.

Agonistic behaviour

Any behaviour associated with threat, attack or
defence. It includes features of behaviour involving
escape or passivity, as well as aggression (see
Chapter 12).

Allogrooming

Grooming directed at another individual animal.

Altruism

Actions by an individual that involve some cost to
that individual, in terms of reduced fitness, but
increase the fitness of one or more other individuals.

Anomalous behaviour

Behaviour which is somewhat abnormal (see
Abnormal behaviour), particularly with respect to
deviations from the normal pattern or frequency. It
may be a variant of a normal activity, such as
chewing or licking.

Anorexia

Abnormal lack of ingestive behaviour, e.g. in toxic
and depressed clinical states.

Anosmia

Lack of sense of smell.

Aversion therapy

Treatment of an unwanted form of behaviour by
associating the behaviour with an aversive stimula-
tion.

Aversive

Such as to cause avoidance or withdrawal.

Awareness

A state in which complex brain analysis is used to
process sensory stimuli or constructs based on
memory.
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Bond

A close relationship formed between two individuals.

Causal factor

The inputs to a decision-making centre, each of
which is an interpretation of an external change or
an internal state of the body (see Chapter 4).

Circadian rhythm

A rhythm in behaviour, metabolism or some other
activity such that events in it recur about every 24 h
(see Rhythm).

Cognitive representation

An appreciation of an object or an event that is not
directly detectable or is not actually occurring at
the time.

Comfort-shift

A minor change of posture or position that may
briefly interrupt rest.

Competition

(i) Among individuals, the striving of two or more
individuals to obtain a resource that is in limited
supply. Success might result from such abilities as
speed of action, strength in fighting or ingenuity in
searching; (ii) among genotypes, attempting to carry
out any life function in a way that is better than
those used by other genotypes, so that the fitness
(reproductive success) of the genotype is increased.

Conditioning

The process by which an animal acquires the
capacity to respond to a given stimulus, object or
situation in a way that would previously have been
a response to a different stimulus.

Conspecific

Belonging to the same species.

Consummatory act

An act that reduces greatly the levels of causal fac-
tors that promote a certain activity, so that the
activity is terminated; e.g. mating terminates
courtship behaviour.

Controller

The individual in a group that determines: (i)
whether or not a new group activity occurs; (ii)
when it happens; and (iii) which activity it is (see
Chapter 14).

Cope

Have control of mental and bodily stability; this
control may be short-lived or prolonged. Failure to
be in control of mental and stability leads to
reduced fitness (see Stress).

Coprophagia

Eating faeces; this is normal behaviour in rabbits
but occurs abnormally in other animals (see
Chapters 24 and 34).

Core area

The area of heaviest regular use within the home
range.

Critical period

See Sensitive period.

Crowding

The situation in which the movements of individu-
als in a group are restricted by the physical pres-
ence of others (see Overcrowding, Chapter 12).

Density dependence

Processes influenced by physiological or environ-
mental factors associated with the density of the
population. For example, tail-biting behaviour in
pigs increases with population density.

Depression

A condition of brain and behaviour associated with
sagging posture, unresponsiveness and reduced
cognitive function.

Displacement activity

An activity performed in a situation that appears to
the observer not to be the context in which it would
normally occur. Being so dependent for recognition
on observer ability to determine relevance to con-
text, the term is of very limited use (see Chapter 4).

Display

A behaviour that may impress, intimidate or other-
wise change the behaviour of a partner, rival or
potential attacker.

Diurnal

(i) On a daily basis; (ii) occurring in daylight time.

Domestication

The process by which a population of animals
becomes adapted to man and to the captive
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environment by some combination of genetic
changes occurring over generations and environ-
mentally induced developmental events […?] dur-
ing each generation (see Chapter 5).

Dominance

An individual animal is said to be dominant over
another when it acts so as to gain priority of access
to a resource such as food or a mate. A dominant
individual need not be superior in fighting ability to
a subordinate.

Drive

A collection of causal factors that promote related
behaviours. The term often implies potential pro-
gression towards a goal. Although a definition is
included here because the term drive is in wide-
spread use, we consider it is easier to understand
motivation if reference is normally made to causal
factors rather than to drives.

Ecological niche

The environment in which the species performs
best and which it comes to live in and occupy in
nature.

Ecology

The scientific study of the interaction of organisms
with their environment, including both the physical
environment and the other organisms that live in it.

Ecosystem

All of the organisms of a particular habitat, such as
grassland or coniferous woodland, together with
the physical environment in which they live.

Eliminative behaviour

Patterns of behaviour connected with evacuation of
faeces and urine.

Emotions

Physiologically describable conditions in individu-
als characterized by electrical and neurochemical
activity in particular regions of the brain, auto-
nomic nervous system activity, hormone release
and peripheral consequences, including behaviour.

Environment

The source of external influences, for example on
the development of behavioural or other biological
traits. External means outside the system or unit
under consideration, not necessarily outside the
whole organism.

Enzootic

Referring to a disorder in animals that is peculiar
to a particular location or type of place.

Epizootic

The spreading of a disease or disorder through a
population of animals (the equivalent of an epi-
demic in humans).

Estrous cycle

See Oestrus cycle.

Ethogram

A detailed description of the behavioural features
of a particular species (see Chapter 2).

Ethology

The observation and detailed description of behav-
iour with the objective of finding out how biological
mechanisms function. Occasionally, such studies are
carried out in a natural or semi-natural setting.

Experience

A change in the brain resulting from information
acquired from outside the brain. The information
can originate in the environment of the individual
or within the body, for example from sensory
input, from low oxygen availability or from a new
hormone level in the blood (see Chapter 3).

Exploration

An activity having the potential for the individual
to acquire new information about its environment
or itself (see Chapter 11).

Feedback

The effect of a system output, in response to a system
input, which modifies that input by reducing it (nega-
tive feedback) or enhancing it (positive feedback).

Feedforward

The effect of a system output which, prior to any
input, modifies the state of the system, usually in
such a way that the effect of an input is partly or
wholly nullified.

Feeling

A brain construct, involving at least perceptual
awareness, associated with a life-regulating system,
is recognizable by the individual when it recurs and
may change behaviour or act as a reinforcer in
learning.
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Flight distance

The space around an animal within which intru-
sion provokes a flight reaction (see Chapter 12).

Foraging

The behaviour of animals when they are moving
around in such a way that they are likely to
encounter and acquire food for themselves or their
offspring (see Chapter 8).

Frustration

If the levels of most of the causal factors that
promote a behaviour are high enough for the occur-
rence of the behaviour to be very likely, but because
of the absence of a key stimulus or the presence of
some physical or social barrier the behaviour cannot
occur, the animal is said to be frustrated.

Functional systems

The different sorts of biological activity in the
living animal which, together, make up the life
process: for example, temperature regulation, feed-
ing, predator avoidance. These functional systems
have behavioural and physiological components
(see Chapter 1).

Genotype

The genetic constitution of an individual organism
designated with reference either to a single trait or
to a set of traits (see Phenotype).

Geophagia

Eating soil.

Gonad

The organ that produces sex hormones and gametes,
either an ovary (female gonad) or testis (male gonad).

Grooming

The cleaning of the body surface by licking,
nibbling, picking, rubbing, scratching, etc. When
action is directed towards the animal’s own body, it
is called self-grooming; when directed at another
individual, it is referred to as allogrooming.

Habituation

The waning of a response that could still be shown,
to a repeated stimulus. This is distinct from fatigue.

Head-pressing

Postural disorder characterized by apparent head
stabilization through forehead contact with a

vertical surface. The head is lowered and the
inactive posture is maintained for long periods.

Health

The state of an individual as regards its attempts to
cope with pathology.

Hierarchy

A sequence of individuals or groups of individuals
in a social group based upon some ability or
characteristic. The term is most frequently used
where the ability assessed is that of winning fights
or displacing other individuals (see Chapter 14).

Homeostasis

The maintenance of a body variable in a steady
state by means of physiological or behavoural regu-
latory action.

Home range

The area that an animal learns thoroughly and uses
regularly. The home range may or may not be
defended; those portions that are defended con-
stitute the territory (see also Core area, Chapter 12).

Hormone

A substance, secreted in the brain or by an
endocrine gland, often into the blood or lymph,
that affects the physiological activity of other
organs in the body including the nervous system
and, hence, also behaviour.

Imprinting

Rapid and relatively stable learning taking place in
early life.

Individual distance

The minimum distance from an animal within
which approach, normally by a conspecific, elicits
attack or avoidance (see Chapter 12).

Ingestive behaviour

Behaviour concerned with the intake into the
mouth of food, water, etc.

Initiator

The individual in a social group that is the first to
start a new group activity (see Chapter 14).

Instinct

A term implying behaviour that is entirely geneti-
cally controlled. The use of this term is undesirable
and confusing, because neither behaviour nor any
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other characteristic of the whole animal can develop
independently of all environmental influences.

Intention movements

The preparatory motions that an animal may go
through prior to switching to a new behaviour.

Intersucking

Abnormal sucking activity directed to appendages of
individuals other than the mother (see Chapter 25).

Kinesis

An undirected reaction, without orientation of the
body in relation to the eliciting stimulus.

Lameness

Impaired locomotion or deviation from normal gait.

Leader

The individual which is in front during an orderly
group progression (see Chapter 14).

Learning

A change in the brain resulting in behaviour being
modified for longer than a few seconds as a conse-
quence of information acquired from outside the
brain (see Chapter 3).

Libido

An internal state which is measured by the likeli-
hood of showing sexual behaviour given appropri-
ate opportunity (see Chapter 17).

Lignophagy

Wood eating.

Mobbing

Joint assault or threat by a group of animals.

Moral

Pertaining to right rather than wrong.

Motivation

The process within the brain controlling which
behaviours and physiological changes occur, and
when (see Chapter 4).

Motivational state

A combination of the levels of all causal factors
(see Causal factor and Chapter 4).

Need

A requirement, which is part of the basic biology of
an animal, to obtain a particular resource or
respond to a particular environmental or bodily

stimulus. To need is to have a deficiency that can be
remedied by obtaining a particular resource or
responding to a particular environmental or bodily
stimulus (see Chapters 1 and 4).

Neurophysiology

The scientific study of the nervous system, especially
the physiological processes by which it functions.

Niche

See Ecological niche.

Nursing

The behaviour of a mother mammal that allows
young to suck milk from her teats.

Observational learning

Learning that occurs when one animal watches the
activities of another.

Oestrous (estrous) cycle

The repeated series of changes in reproductive
physiology and behaviour that culminates in
oestrus or ‘heat’, i.e. receptivity (the noun is oestrus
and the adjective oestrous).

Ontogeny

The process of development of an organism from
single cell to adult.

Overcrowding

Crowding such that the fitness of individuals in the
group is reduced (see Crowding, Chapter 12).

Pain

An aversive sensation and feeling associated with
actual or potential tissue damage (see Chapter 21).

Pair bonding

A close and long-lasting association formed
between a male and female.

Parental investments

Investment by a parent in an individual offspring,
which increases the offspring’s chance of surviving
and reproducing at the cost of the parent’s ability
to invest in other offspring.

Pathology

(i) The detrimental derangement of molecules, cells
and functions that occurs in living organisms in
response to injurious agents or deprivations; (ii) the
study of such conditions.

Glossary 333



Peck order

A stable hierarchy in which each individual is able
to threaten, displace or attack individuals lower
than itself with impunity. The term was coined fol-
lowing work with chickens but is now used for any
animal (see Chapter 14).

Periodicity

A series of events separated by equal periods in a
time series (see Chapter 2).

Phenotype

The observable properties of an organism as they
have developed under the combined influences of
the genetic constitution of the individual and the
effects of environmental factors (contrast with
Genotype).

Pheromone

A substance produced by one animal that conveys
information to other individuals by olfactory
means (see Chapter 1).

Pica

The seeking out and eating of foreign objects such
as wood, cloth and old bones (see Chapter 24).

Polydipsia

Excessive drinking of water beyond the level
required for maintenance of body fluid concentra-
tion.

Preening

As Grooming, but referring to birds.

Reaction time

Time between the occurrence of an environmental
change and the beginning of the response of the
animal.

Reflex

A simple response involving the central nervous
system, but not higher brain centres, and occurring
very shortly after the stimulus that evokes it.

Reinforcer

An environmental change that increases or
decreases the likelihood that an animal will make a
particular response, i.e. a reward (positive rein-
forcer) or a punishment (negative reinforcer) (see
Chapter 3).

Releaser

See Sign stimulus.

Reproductive effort

All of the resources expended by an individual on
reproduction in a season.

Rhythm

A series of events repeated in time at intervals
whose distribution is approximately regular (see
Chapter 2).

Rights

(i) A legal entitlement that can be defended using
the laws of the country. In most countries animals
do not have rights in this sense; (ii) a privilege justi-
fiable on moral – perhaps religious – grounds (see
Chapter 1).

Scent marking

The deposition of solid or liquid pheromones, typi-
cally on a tree, bush, rock or other individual (see
Pheromone, Chapter 1).

Self-grooming

Grooming directed at the individual’s own body.

Sensitive period

A time interval during development within which
the behaviour, at that time or later, is especially
likely to be affected by certain types of experience.

Sensitization

The increasing of a response to a repeated stimulus.

Sensory physiology

The study of sense organs and the ways in which
they receive stimuli from the environment and
transmit them through the nervous system.

Sentient

A sentient being is one that has some ability: (i) to
evaluate the actions of others in relation to itself
and third parties; (ii) to remember some of its own
actions and their consequences; (iii) to assess risk;
and (iv) to have some feelings and to have some
degree of awareness (see Chapter 1).

Sign stimulus

A specific environmental feature that elicits a
response from an animal.
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Social behaviour

The interactions of two or more animals that spend
time together, and the resulting modifications of
individual activity.

Social facilitation

Behaviour which is initiated or increased in rate or
frequency by the presence of another animal carry-
ing out that behaviour (see Chapters 8 and 14).

Social organization

The size of a social group: (i) its composition in
respect of age, sex and degrees of relatedness of
group members; (ii) all of the relationships among
individuals in the group; and (iii) the duration of
association of the members of the group (see Social
structure, Chapter 14).

Social structure

All of the relationships among individuals in a
social group and their consequences for spatial dis-
tribution and behavioural interactions (see Chapter
14).

Society

A group of individuals organized in a cooperative
manner.

Sociobiology

The study of the biological bases of social behav-
iour, employing evolution as the basic explanatory
tool.

Starvation

A shortage of nutrients or energy such that the
animal starts to metabolize functional tissues
rather than food reserves.

Stereotypy

A repeated, relatively invariate sequence of move-
ments having no obvious purpose (see Chapters 6
and 23).

Stimulation

The effect of one or more stimuli on an individual
animal or part of it.

Stimulus

An environmental change that excites one or more
receptors or other parts of the nervous system of an
animal.

Strain

The short-term consequences of stress.

Stress

An environmental effect on an individual that over-
taxes its control systems and results in adverse con-
sequences and, eventually, reduced fitness. Fitness
reduction involves increased mortality, failure to
grow or failure to reproduce (see Chapter 1).

Suckling

The behaviour of a young mammal whilst it is
ingesting milk from the teats of its mother or
another female mammal.

Suffering

One or more bad feelings continuing for more than
a short period.

Taxis

Movement oriented with respect to a source of
stimulation.

Territoriality

Behaviour associated with territory defence.

Territory

An area an animal defends by fighting, by signals
or by demarcation that other individuals detect (see
Chapter 12).

Tonic immobility

A behaviour state of a few seconds or longer during
which an animal makes no movement as a conse-
quence of some temporary environmental situation
or of a pathological condition (see Chapter 27).

Trophic

Pertaining to feed, feeding and growth.

Tropic

Movement directed in relation to a spatial stimulus.

Umwelt

The world around as perceived by an animal.

Welfare

The state of an individual as regards its attempts to
cope with its environment (see Chapter 1).
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