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Introduction

Why would people want to publish a book on social behaviour in
farm animals? That is to say, why a book dealing only with the
social behaviour of farm animals and not all aspects of farm animal
behaviour? Or why focus only on farm animals and not on the social
behaviour of all animal species: insects, reptiles, amphibians, birds and
mammals included? The answer is simple: we feel there is a need for it.
There are no other current books on this topic and there is already
so much work in the area that the difficulty in editing this book has
been in choosing what we must exclude, not what we should include.
Of course all classic ethology textbooks include a chapter on social
behaviour, but, by directing the book at the social behaviour of farm
animals, we have given ourselves the opportunity to examine a whole
new dimension. In nature animals choose their own social groups,
but in agriculture it is we humans who select which individuals are
housed together in the same group. How we group them and how
the individuals respond have major implications for the management,
productivity and welfare of these animals.

So, what do we mean by the words ‘social behaviour’? The term can
be considered in broad or narrow contexts. Webster’s Dictionary (1980)
defines social as, ‘tending to form cooperative and interdependent
relationships’ and ‘living and breeding in more or less organized com-
munities’. Wilson (1980) states that the essential criterion of a society is
‘reciprocal communication of a cooperative nature, transcending mere
sexual activity’. In attempting to develop topics for various chapters,
our thoughts have perhaps more closely reflected those of Banks and

©CAB International 2001. Social Behaviour in Farm Animals
(eds L.J. Keeling and H.W. Gonyou) 1



2 Introduction

Heisey (1977), who stated that, ‘Social behaviour is comprised of those
patterns of behaviour that involve two or more members of a species
and includes aggression and spacing, reproduction, parental care or
aid-related behaviour, and social organization. In almost all cases,
social transactions involve communication.’” We have chosen to
include most of these aspects of social behaviour in this book. As
Wilson suggests, we have not included sexual activity as a major class
of social behaviour. McFarland (1982) describes a social interaction
as, ‘where each individual influences the behaviour of the other’. If we
were to coin a statement defining social behaviour, it would be that
behaviour which is influenced by the presence or absence of another
individual.

We said at the start of this introduction that by focusing on farm
animals we had the opportunity to combine information of the type
usually found in classical ethology textbooks with information usually
only found in the applied ethology literature. That is exactly what
we have done. Part I of the book deals with concepts in social behav-
iour and Part II concentrates on species-specific animal behaviour.
However, even that combination would have been incomplete, so we
created Part III, where we take up what we have called contemporary
topics in social behaviour.

No matter how practical or applied the topic, we are of the
firm opinion that you cannot really appreciate the behaviour of
domesticated farm animals if you do not have at least some basic
understanding of the principles underlying all animal behaviour. It
would be like trying to run before you could walk. The first three
chapters in this book, therefore, take up the essentials in social
behaviour and form the basis for the following chapters. Our authors
have not assumed any previous knowledge of animal behaviour and
have given examples from farm animals whenever possible. The fourth
chapter in this section deals with domestication. The study of farm
animal behaviour came along somewhat later than studies on wild
animals. A contributing factor in this was the assumption that the
behaviour of domestic animals was for some reason less interesting.
The fact that you are reading this, we hope, indicates that you do not
subscribe to that false view of farm animals.

The middle and main part of the book presents the social behaviour
of six farm animal species (or groups of species): cattle, pigs, domestic
birds, sheep, horses and fish. Here each chapter has the same basic
structure. There is a section on the basic social characteristics of the
species. Following the same argument as we used to include the
section on concepts in social behaviour, we believe that to understand
species-specific behaviour you have to know the evolutionary
pressures that have shaped it. But it is of course also necessary to
know how present-day constraints and influences affect an animal’s
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behaviour. The section on social behaviour under commercial condi-
tions, therefore, takes up common husbandry practices and their effects
on production, and leads logically into the final section of each chapter
dealing with social effects on management and welfare. If you are
surprised that we included horses and fish in our list of farm animals,
then a quick glance through those chapters will convince you of their
similarities to the other species.

As the title ‘Contemporary topics in Social Behaviour’ implies, the
final part of the book presents relatively new or controversial research
areas. The topics we have chosen to include, however, are ones that we
felt are sufficiently well accepted and documented to warrant inclusion
in a textbook. Breaking bonds is perhaps not a new topic, but it is one
that is sorely neglected. Since this book deals with establishing and
maintaining relationships between individuals, it is inevitable that we
take up the consequences of breaking them up. The next three chapters
reflect society’s changing attitudes to animals. Accepting that individu-
als differ and that animals may have what in everyday language is
called a personality also affects the way we treat them. Thus chapters
on individual differences, the man—animal relationship, and animal
cognition and consciousness seem a fitting way to end Part III.

The book is intended to serve as a reference book for many of its
readers. We hope that the extensive reference lists at the end of each
chapter will be useful if you decide to pursue a topic further. In addi-
tion, we have attempted to integrate the different chapters by means of
cross-referencing. We are aware that many people already established
in their interests will jump directly to ‘their’ species. We hope that
they will follow the references to other chapters in the book. We have
also organized the species chapters somewhat similarly, in order that
readers can easily find similar topics across species.

While the main theme in this book is social behaviour, there are
two other topics that are worth mentioning specifically in this intro-
duction, and these are animal management and animal welfare. The
management of animals is becoming increasingly specialized, demand-
ing a greater knowledge and expertise on a wider variety of topics than
it did only decades ago. Not only does a farm manager nowadays
need to have a grasp of the basics and an appreciation of the potential
benefits of nutrition, genetics and veterinary medicine, we argue that
he or she also needs the same level of understanding of the discipline of
animal behaviour. In times of increasing economic pressure, such as
these, farm managers need to use all the resources at their disposal to
maximize the potential of their animals.

The other topic that runs through the book is that of animal welfare.
Animal behaviour and animal welfare are different disciplines and
should not be confused. Research and knowledge on behaviour can
help in animal production without necessarily involving welfare
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and there are many examples of this in the book. On the other hand,
ethologists have made major contributions to several topics related to
animal welfare, many of which are taken up in this book. We need only
point to the number of times the words ‘aggression’ and ‘behavioural
problems’ are mentioned throughout this book to emphasize this. Even
though farm animals choose to be in groups when given a choice, often
the way we manage them leads to conflicts and social stress. This need
for improved knowledge in the area of social behaviour is going to be
even greater if the current trend away from confinement systems and
towards loose housing continues. The aim should be to help the
animals use their social behaviour to make the groups function
successfully for them and for us.

We hope this book will be useful and helpful in a number of ways.
For undergraduate students studying animal behaviour, whether it be
in biology, agriculture or veterinary science, we hope that this textbook
will give structure and information relevant to your course. For
postgraduate students and researchers we hope that the book will act as
a good introduction to areas related to your subject and act as a valuable
resource, leading you quickly to key references in an area. Finally, we
hope that all people interested in animals can find something new and
relevant to them and that we have managed to awaken an interest in the
social behaviour of farm animals.
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Concepts in Social Behaviour l

In this section we want to give a general introduction to the basic
biological theories and concepts of social behaviour. Although this
book deals with farm animals, the principles underlying their
behaviour are the same as for all animals. These chapters are therefore
intended to form the foundation for the detailed information contained
in the species-specific chapters that follow in Part II.

Basic concepts in behaviour are based on the theory of natural
selection and the assumption that evolution of adaptive behaviour is
no different to the evolution of adaptive physical characteristics. That
is to say, behaviour that improves the survival of an individual and its
relatives will spread in the population. How this process led to certain
species living in groups and how the structure and social organization
of these groups came to be as they are today are the basis of the first
chapter.

Since all our commonly used farm animals live in groups, then the
next important question becomes how do these groups function and
what are the relationships between individuals within a group? This
is the focus of the second chapter in this section. As previously, this
chapter addresses the social dynamics of group life from its basic
principles such as formation and maintenance of the dominance
hierarchy and communication between individuals.

Social behaviour can be broad, including all types of interactions
between two or more individuals, or narrow, including only specific
behavioural interactions between individuals belonging to the same
social group. For reasons explained in the general introduction, we

5
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have not included a chapter on sexual behaviour, but we could not
produce a book on social behaviour and fail to include a chapter on the
very special social relationship that occurs between parents and their
offspring. The third chapter in this section covers all aspects from the
formation of the mother—young bond to the difficulties of parent-
offspring conflict.

The final chapter in this section on basic concepts deals with
domestication. The first three chapters include many examples from
wild animal species, because researchers choose the most appropriate
species to test out their hypotheses and theories. Although our authors
have given references to farm animal species whenever possible, it is
inevitable after reading these chapters that the reader questions
whether the principles that are presented can really apply to cows,
pigs, chickens, etc., that have been domesticated for many thousands of
years. This last chapter tackles these issues and tries to synthesize
views of how domestication really works and what it has changed in
our modern farm animals and what it has not.

It is our opinion that people who have read and digested these basic
concepts have the essential ethological framework. One could say these
principles are the bones of applied ethology.
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(Editors’ comments: This chapter deals with why animals live in groups
at all and it addresses this question from the evolutionary point of view,
by examining the costs and benefits of group life. The concepts of selfish
individuals, kin selection and inclusive fitness are all explained in
relation to competitive and cooperative behaviour between group
members.

The costs and benefits of group life are usually associated with
finding food and avoiding predation. For example, many individuals
working together may be more likely to find food, which is a benefit, but
when they do find it then there are more individuals between whom it
must be divided, and that is a cost. More individuals may be more likely
to detect an approaching predator and the probability of an individual
being the victim is less in a large group. But then again, larger groups are
more conspicuous, so attracting more predator attacks. For group life to
be favoured, its overall benefits must outweigh its costs, and the resulting
fitness pay-off to each group member must be greater than for a solitary
individual. It seems that for most of our farm animal species the odds
have favoured living in groups. Nevertheless the distribution of resources,
food, mates, etc., changes over time, so one can therefore expect the
costs and benefits of living in a group to vary. Thus groups are dynamic,
changing in size and structure. The optimal group size and structure at
one time of year may not be optimal at another. Nevertheless, knowledge
gained using this evolutionary approach helps us to understand and
predict farm animal social behaviour and the authors conclude this
chapter by presenting practical ways such information can be used to
guide animal husbandry design.)

©CAB International 2001. Social Behaviour in Farm Animals
(eds L.J. Keeling and H.W. Gonyou) 7



8 M. Mend! and S. Held

1.1 Introduction

In environments which give animals the opportunity to range freely
and to adopt patterns of dispersion and social organization freed from
the constraints of captivity, farm animal species will live in groups for
at least part of their lives (e.g. chickens, Wood-Gush et al., 1978; sheep,
Lawrence and Wood-Gush, 1988; pigs, Stolba and Wood-Gush, 1989;
cattle, Howery et al., 1996). The same is true for their ancestral species
(e.g. Collias and Collias, 1967; Mauget, 1981; see Clutton-Brock, 1987).
Group structures may range from loose aggregations of large numbers of
individuals (e.g. herds or flocks) to tight-knit groups in which well
developed social relationships are evident (e.g. family groups, harems).
Within any one species, different forms of group structure may be
evident at different times of the year and in different age/sex classes
(e.g. pigs, Mauget, 1981; sheep, Lawrence, 1990), and individuals may
also adopt solitary lifestyles at some stages of the annual or life cycles
(see Lott, 1991). Group life thus varies both within and between
species.

One consequence of life in groups is the development of social
interactions and relationships between group members. The nature of
this social behaviour and its species-typical characteristics are the
subject of the rest of this book. In this chapter, we examine why it
is that animals live in groups at all. We address this question from an
evolutionary perspective by asking what the benefits and costs of group
life are, thus giving us clues as to why it evolved. We also examine
how evolutionary theory can help to explain the diversity of group
structures between and within species, and the balance of competitive
and cooperative behaviour that occurs between group members. Where
we describe animals as choosing between different courses of action or
assessing their environment, we use this as a convenient short-hand
without implying anything about the animals’ intentions, thought or
awareness.

How relevant is an evolutionary approach to understanding the
social organization of domesticated species? The process of domestica-
tion is tackled in detail in Chapter 4, and we can only address it briefly
here. For the majority of the evolutionary history of domesticated
species, the main factor influencing evolutionary adaptive change has
been natural selection. For most domesticated species the actions of
man and the process of artificial selection have only been evident for
the last 10,000—15,000 years (Clutton-Brock, 1987), a brief moment in
evolutionary time. Nevertheless, domestication does appear to have
had effects on brain structure and various aspects of behaviour.
Hemmer (1990) suggests that domesticated species have smaller brains,
are generally less active, have weaker alarm reactions and are socially
more tolerant of others than related wild species.
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Despite these changes, the relatively short period of domestication
means that modern farm animal species almost certainly retain a strong
evolutionary legacy of their naturally selected past (cf. Newberry,
1993). Price (1984) argues that although domestication may have
altered the threshold and frequency at which some behaviour patterns
are expressed, the basic social characteristics of domestic animals
remain similar to those of their wild conspecifics or ancestral species.
Free-living domestic pigs adopt a similar social organization to that
observed in the European wild boar (Wood and Brenneman, 1980;
Mauget, 1981) (see Section 6.1). The same seems to be true for domestic
fowl and the ancestral red jungle fowl (Collias and Collias, 1967;
Wood-Gush et al., 1978) (see Section 7.1). It also seems likely that
domestic animals retain a general propensity to behave in ways that
increase their chances of survival and reproductive success; most farm
animals compete for resources such as food and mates and can repro-
duce successfully. The underlying rules organizing their behaviour are
thus likely to be similar to those of related wild species. Therefore, we
suggest that an evolutionary approach can provide species-specific
information about group structure which may still have relevance to
domesticated species. Furthermore, it provides a theoretical framework
predicting general principles of behavioural organization and function
which we believe can help us understand and interpret the social
behaviour of farm animals (see also Fraser et al., 1995; Spinka and
Algers, 1995), and can even suggest methods for improving their care
and management (e.g. Mendl, 1994; Mendl and Newberry, 1997).

We start the chapter by outlining basic principles of natural selec-
tion as they relate to group living. We then consider the benefits and
costs of group life. The rest of the chapter addresses the general issue of
group structure. Is there an ‘optimal group size’? How flexible are group
structures, and under what conditions do we expect individuals to join
or leave groups? To what extent does natural selection favour coopera-
tive and competitive behaviour within groups? What influence does
the species’ mating system have on group organization? Much of this
chapter introduces theoretical ideas based on studies of wild animals,
so we conclude by considering briefly the usefulness and limitations
of the evolutionary approach to understanding farm animal social
behaviour.

1.2 Basic Principles: Natural Selection and Group Life

1.2.1 Natural selection and behaviour

In wild animal populations, the genotypes which are to contribute to
the next generation are selected naturally. Individuals vary in their
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genetic characteristics, and this typically leads to variation in
phenotypical characteristics. Consequently some individuals are better
able than others to thrive and reproduce in the environmental condi-
tions prevailing during their lifetimes. More of their genes are passed
on to the next generation than those of their competitors. Natural
selection, thus, works by favouring certain genotypes over others.

It is easy to see how this leads to the evolution of adaptive morpho-
logical and physiological characteristics: genes code for proteins,
which interact to shape an animal’s form and physiological function.
The evolution of adaptive behaviour is no different in principle. As
Krebs and Davies (1993) put it:

natural selection can only work on genetic differences and so for
behaviour to evolve (a) there must be, or must have been in the past,
behavioural alternatives in the population, (b) the differences must be,
or must have been, heritable; in other words a proportion of the variation
must be genetic in origin, and (c) some behavioural alternatives must
confer greater reproductive success than others.

Points (a) and (c) are easy to accept, but the relationship between
genes and behaviour (point b) is more difficult to understand (see
Oyama, 1985). We cannot discuss this complex issue here, but the
important point for our purposes is that many studies, including stud-
ies of farmed animals, have shown that an animal’s genetic make-up
can influence its behaviour. For example, Dwyer and Lawrence (1998)
demonstrated that genotype differences account for the observed
differences in the maternal and neonatal behaviour of Suffolk and
Blackface sheep. In a cross-fostering experiment, Sinclair et al. (1998)
showed that maternal genotype appeared to have a strong influence on
pig maternal behaviour. It would be wrong to conclude from these and
other examples that genes alone determine an animal’s behaviour.
Behaviour is influenced by the environment as well as by the animal’s
genetic make-up (for full discussions see Oyama, 1985; McFarland,
1993; Manning and Dawkins, 1998). Nevertheless, it is clear that genes
do contribute to differences in behaviour between individuals,
although exactly how their contribution is expressed may depend on
the development and current environment of each individual.

Behaviour thus can evolve through the process of natural selection
acting on heritable behavioural characteristics. Those characteristics
which enable individuals to contribute the most reproducing offspring
to the next generation will spread through the population. Conse-
quently, natural selection should result in the evolution of animals
who employ behaviour patterns and make behavioural decisions which
are most likely to maximize their chances of survival and lifetime
reproductive success, often referred to as their ‘fitness’ (see Dunbar,
1982). Indeed, the language of economics, the ‘costs’, ‘benefits’ and
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‘pay-offs’ of behavioural decisions, has come to characterize much
research in behavioural ecology. Animals are expected to make proxi-
mate behavioural decisions which generate the highest fitness benefits
for the lowest fitness costs, thus maximizing their fitness pay-offs.
There are of course many problems in demonstrating that this is
the case (e.g. how do you measure fitness consequences of single
behavioural decisions?), and many reasons for not expecting fitness
maximizing or ‘optimal’ behaviour (e.g. there may be limits to the
animal’s ability to assess fitness consequences of proximate decisions,
behavioural changes in the population may lag behind recent changes
in selection pressures). For an excellent discussion of the optimality
concept, see Dawkins (1995). Nevertheless, the language of costs and
benefits provides a useful shorthand with which to convey the logic
behind theoretical predictions about animal behaviour and behavioural
decisions and, as such, we will use it throughout this chapter.

1.2.2  Kin selection and cooperation between relatives

Having considered the general principles underlying the evolution
of adaptive behaviour, we now turn our attention to the particular
case of group living. Group living poses a particular problem for
the application of evolutionary theory to behaviour, although it is a
characteristic of many farmed species and their undomesticated
relatives. Group living is often facilitated by cooperation between
individuals. We therefore start by looking at the conditions under
which cooperative behaviour might evolve before going on to identify
some of the costs and benefits associated with group life.

If evolution results in ‘selfish’ individuals attempting to maximize
their own reproductive success, why do animals appear to cooperate
with each other at all? The reason is that producing large numbers of
offspring is not the only way in which individuals can make a genetic
contribution to following generations. They can also do so indirectly
through increasing the chances of survival and reproduction of
relatives who share a certain proportion of their genes. By helping
sisters, brothers or other relatives to survive and raise their offspring,
an animal increases the probability of shared copies of its own genes
being passed on to the future (Fig. 1.1). The benefit to the reproduction
chances of the helped relative, weighted by the probability that
the relative shares the helper’s genes, has to outweigh the cost to
the helper’s own reproductive success incurred through helping
(formalized in ‘Hamilton’s rule’; Hamilton, 1964). Only then will
helping or ‘altruistic’ behaviour towards relatives be favoured over
‘selfish’ behaviour. This type of selection, by which traits are promoted
that increase the survival and reproduction of close relatives in
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Fig. 1.1. Proportion of genes belonging to individual ‘I’ which are shared by
various relatives. Black slices indicate the proportion, but not the identity, of gene
copies which relatives share with ‘I'.
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addition to those of direct offspring, is referred to as ‘kin selection’ (as
introduced by Maynard Smith, 1964).

Hamilton (1964) also introduced the concept of an individual’s
‘inclusive fitness’ as the currency for assessing the conditions under
which kin selection might operate. ‘Inclusive fitness’ encompasses the
individual’s own number of reproducing offspring (minus its increase
in offspring caused by being helped) as well as the number of offspring
of any helped relative (for discussions on the uses and abuses of
‘inclusive fitness’ see Grafen, 1984, and Dawkins, 1995).

1.2.3 Cooperation between non-relatives

Why would animals help or cooperate with non-relatives? Under what
conditions could cooperative behaviour between non-relatives evolve,
or have evolved in the past? At first sight it would appear that helping a
non-relative would only incur a cost to one’s own survival and repro-
duction chances. However, this may not always be so. In some cases,
cooperating, for example in the defence of a resource, directly increases
the net survival and reproductive chances of all participants. Mutual
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help of this type is referred to as mutualism, and is selected for because
the fitness of all parties is increased. In other cases, an animal might
help another at a cost to itself but without receiving help in return until
some time in the future (reciprocal altruism; Trivers, 1971). Helping
without receiving any immediate return is easily exploited when
helper and helped meet only once or a few times. The helped individ-
ual may cheat by defecting. Reciprocal altruism is thus more likely to
evolve when animals live in stable social groups and meet repeatedly
and over a long time period, that is when cheating now may incur a
cost later. Thus, in both these cases and in the case of kin selection, the
evolution of cooperative behaviour can be explained by positing that it
results in increased inclusive fitness for the individuals involved. And,
since cooperation is favoured under these conditions, such conditions
also facilitate the evolution of cooperative group living.

1.2.4 Studying past and present benefits and costs of group life

So far, we have briefly introduced basic principles of evolutionary
theory which show how natural selection can influence the evolution
of behaviour and the conditions under which it favours cooperative
behaviour. We now consider how we can investigate the fitness
advantages of group living. This may allow us to identify current
benefits and putative selection pressures which may have favoured
group life in the past.

One approach is to compare the reproductive output or some other
fitness measure between members of the same species or different but
related species that show alternative behaviours. Differences in fitness
pay-offs between solitary and group-living conspecifics, for example,
might inform us about the advantages of group living in a given
environment.

We can also learn about the selection pressures which may have
led to the evolution of group life by comparing conspecifics or related
species living in different environments. Jarman (1974) used this
comparative approach in his classic study of social organization in
wild African bovids. On the basis of correlated variations in body size,
habitat type, feeding ecology and social organization of 74 species, he
concluded that group size and structure in wild African bovids were
determined by body size and habitat type. This approach is powerful,
but shares its main weaknesses with all correlational methods;
correlation does not necessarily mean causation, cause and effect may
be obscured, and there may be underlying confounding variables
(cf. Elgar, 1989). It is also possible that behavioural differences between
species represent alternative adaptive peaks in that they are equally
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adaptive, successful responses to the same selection pressures rather
than reflecting different pressures.

These problems are overcome to some extent by using an experi-
mental approach in which one factor is tested at a time, either in a
unifactorial design or a multifactorial design by controlling statistically
for the effects of the other variables. Controlling for the effects of other
variables, the fitness costs and benefits of different behaviours can be
compared. To investigate, for example, whether grouping would be
advantageous for individuals of a given species in a given environment,
group sizes can be manipulated and some individual fitness parameters
compared at the different group sizes (e.g. Penning et al., 1993). Simi-
larly, one can manipulate the environment and record the behavioural
changes taking place over several generations to test whether one par-
ticular aspect of the environment exerted a major selection pressure. In
one such experiment, Endler (1980) and Magurran et al. (1992) investi-
gated the effect of reduced predation pressure on the morphology and
behaviour of a population of guppies. Guppies were taken from one
stream where they suffered very high predation risks and introduced
into a predator-free stream. Removing predation as a selection pressure
not only changed the guppies’ outward appearance after a few
generations, but also their behaviour: among other changes, the guppies
became less likely to form schools, thereby indicating that predation
had been a major selection pressure favouring schooling (see Section
10.1.3).

Thus, methods exist which allow us to investigate the role of
various factors in the evolution of group life. However, we should
remember that just because a behaviour appears to have a particular
fitness value now, this does not mean that it was selected for this
reason in the past. Similarly, a variable which appears to favour group
life in the present need not necessarily have been an important
selection pressure in evolutionary history.

1.3 Feeding Without Being Fed Upon: Benefits and Costs of
Group Life

In the previous section, we saw that natural selection promotes behav-
iours which will maximize an individual’s inclusive fitness. Animals
that live in groups must gain fitness advantages which exceed those
available from solitary life. In this section we attempt to identify some
of the benefits and costs of group living, focusing in particular on its
effects on foraging efficiency and predator avoidance to suggest two
important selection pressures which may have favoured group living
over solitary life during evolution.
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1.3.1 Foraging advantages of group living

Increased efficiency in detecting food

An animal’s chances of detecting food may increase with group size,
for example by learning about the location of a food source by seeing
others exploit it (local enhancement) (see Section 14.2). The reduction
in search time resulting for each individual is thus an important benefit
of group living particularly for animals relying on food that is distrib-
uted unpredictably in space or time. Fish, for example, find food faster
in larger shoals as demonstrated in experiments on two species of
naturally shoaling cyprinids (Pitcher et al., 1982). Ward and Zahavi
(1973) suggested that communal roosts and colonies in birds act as
‘information centres’. Individuals find out about the location of feeding
sites by following successful birds on the latter’s next foray. This is less
likely to apply to group living in animals such as grazing ungulates
which feed on more predictably distributed food (O’Brien, 1988).
Alternatively, colonies may act as recruitment centres for group
foraging when the benefits to a successful forager of feeding in the
company of others outweigh the costs of sharing the food (Richner and
Heeb, 1996; Danchin and Wagner, 1997).

Increased efficiency in acquiring food

For an individual of a predator species, associating with conspecifics
can be advantageous because it makes available prey items that the ani-
mal would be incapable of catching alone. Female lions, for example,
have very low success rates when hunting large prey by themselves.
They are, therefore, more likely to participate in group hunts of zebra
or buffalo than of warthog for which the probability of a successful
solitary hunt is one and a half times higher than for larger prey (Scheel
and Packer, 1991). So group living may broaden the range of available
prey. It may also increase an individual’s chances of catching prey too
elusive to be caught by a solitary hunter (e.g. group hunting in killer
whales; Baird and Dill, 1996). In both cases, the benefit of group living
decreases with increasing group size if food resources are limited.

Increased efficiency in defending food

Food is often distributed in such a way that individuals are unable to
defend it on their own. In these circumstances, grouping may enable
several individuals to successfully defend this resource together. For
example, Davies and Houston (1981) found that pied wagtails may
defend their territories either singly or allow a non-territory holder to
share their patch, depending on the abundance of food. The food was
distributed over such a large area that shared territory defence between
the two birds doubled the percentage of intruders immediately spotted
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and chased off. But, given that the sharing non-territory holder con-
sumed some of the food as well as defending it, it paid the territory
holder to share only when food was abundant. Similarly, Schaller
(1972) describes how groups of lions defend carcasses against hyena
clans more successfully than solitary lions. Generally, where two
species compete for a food resource, grouping in the species that
would lose out in an inter-species contest can increase the chances of
successful resource defence against individuals of the superior species
(Pulliam and Caraco, 1984).

1.3.2 Avoiding predators: detection, dilution and defence

Group life may also have evolved in response to predation pressure.
With more eyes scanning the environment, the chances of detecting a
predator increase with group size. Group members can therefore lower
their vigilance levels without increasing their predation risk as com-
pared with solitary animals as long as the detecting individual signals
the predator’s presence to the rest of the group (‘many eyes hypothesis’;
Pulliam, 1973). Lowering vigilance levels, for example by scanning for
predators less frequently, frees time for feeding. In groups of wild boar,
for example, time spent on vigilance behaviour was found to decrease
with group size (Quenette and Gerard, 1992) and in a study on Scottish
Halfbred ewes, Penning et al. (1993) found that the proportion of time
individuals spent grazing in a 24-h day increased as a function of group
size as shown in Fig. 1.2. Since Pulliam’s original model (1973) there
have been numerous theoretical explorations and empirical studies of
this group size effect (e.g. Elgar, 1989; McNamara and Houston, 1992;
Roberts, 1996; Bednekoff and Lima, 1998).

Another way in which group life enhances the survival prospects of
individuals relative to solitary life is by diluting their chances of being
attacked by a predator. Assuming a predator can take one prey item per
attack, an individual would halve its predation risk by joining another
animal, and its chances of getting preyed on would generally decrease
in proportion to group size. By clustering in groups, individual
Carmargue horses, for example, reduce the number of flies attacking
them: individuals in larger groups have fewer flies (Duncan and Vigne,
1979; cf. cattle: Schmidtmann and Valla, 1982). Aggregating in groups
can also reduce predation risk by making it more difficult for the
predator to single out and attack an individual, thereby reducing
the predator’s attack : kill ratio (confusion effect; see Krakauer, 1995).

Some social ungulates and colonial nesting birds provide good
illustrations of the advantages of grouping in terms of communal
predator defence. Musk oxen and water buffalo (Wilson, 1975), for
example, fall into protective group formations around their young
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Fig. 1.2. Grazing time increases as a function of group size in sheep. (After
Penning et al., 1993.)

when faced by a predator. In this way, each individual benefits by
decreasing the chances of losing any offspring in an attack. In eland,
several adult females may attack large predators together, which
increases their chances of driving them off (Hillman, 1987).

1.3.3 Thermal benefits

Group life can also aid thermal regulation in endotherms. Small
homeotherms may conserve energy by huddling together. Male grey
and fox squirrels, for example, form sleeping groups in winter although
they hardly act cohesively away from the nest. During the warmer
periods when the need to conserve thermal energy is lower, they sleep
singly and interact agonistically (Koprowski, 1996).

1.3.4 Disadvantages of group living: competition, conspicuousness,
contamination and cuckoldry

While an individual may benefit from group living by gaining
increased access to resources there is also an obvious associated cost.
The resource now has to be shared with the other group members.
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Shared resource defence in both pied wagtails and lions illustrates
this point as briefly summarized above (Schaller, 1972; Davies and
Houston, 1981).

Grouping may benefit individuals through better predator detec-
tion, attack dilution and joint predator defence, but it also increases
their conspicuousness. In shoaling fish, for example, visual conspicu-
ousness rather than shoal size alone has been shown to be a key factor
in determining predation risk (Krause and Godin, 1995). Conspicuous-
ness can also work against groups of predators. In predator species
feeding on mobile prey, for example, disturbance of the prey by group
members can decrease the number of prey items caught by each
individual (e.g. Amat and Rilla, 1994).

Individuals may not only decrease, but also increase their chances
of parasite attack by grouping (e.g. prairie dogs: Hoogland, 1979; cliff
swallows: Brown and Brown, 1986). Whether grouping is costly or
beneficial in terms of probability of infection depends on the mode
of parasite transmission: grouping increases an individual’s chances of
infection with contact-transmitted parasites and decreases its rate
of infection with mobile parasites which do not rely on host proximity
for transmission (Cote and Poulin, 1995).

Cuckoldry can be yet another cost of social living, especially to
males. Colonial birds and fish, for example, may lose a significant
number of fertilizations to extra-pair males (e.g. Jennings and Phillip,
1992; Mgller and Birkhead, 1993).

1.3.5 Confusing the consequences of group living with selection
pressures — and other pitfalls

Group living also facilitates the development of more complex social
behaviours and interactions such as alloparenting, social learning and
helper systems. This raises the question of which of these have played
a part in the evolution of group life and which are a current utility or
consequences of group living. Without any evidence, this is not an easy
question to answer satisfactorily. But it emphasizes the general point
made earlier that just because group life has certain advantages today,
this does not necessarily mean that these were the benefits underlying
its evolution. Overlooking confounding variables or other alternative
explanations may lead to wrong conclusions about the evolutionary
function of group life, especially where conclusions are drawn on the
basis of correlations.

A comprehensive list of all possible costs and benefits has not
been given here. However, it serves to point to some major selection
pressures which may have favoured group life over solitary life.
We discuss below in more detail how resource distribution acts as a
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selection pressure on group size and group structure. But we should
remind ourselves at this point, that none of these factors work in
isolation: group living in any species is likely to have resulted from the
interaction of various selection pressures. And, as mentioned above,
the evolution of group life is also facilitated by the fitness gains
resulting from cooperating with relatives and non-relatives. For group
life to be favoured, its overall benefits must outweigh its costs, and the
resulting fitness pay-off to each group member must be greater than for
a solitary individual.

1.4 Group Size and the Dynamic Nature of Groups

So far, we have considered, in general terms, the costs and benefits
of group life. In the next sections, we examine how principles from
evolutionary theory may help us to make general predictions about the
sorts of group size and structure that animals, including farm animals,
are likely to adopt. We start by considering whether group sizes are
likely to be stable or dynamic. As we have seen, evolutionary theory
predicts that animals will behave in ways which maximize their
reproductive success. In the context of group life, we thus expect them
to join groups (immigrate) when it benefits them to do so, and to
leave groups (emigrate) when the pay-offs of solitary life exceed those
of group living. Group size can thus be viewed as the result of the
individual animal’s decisions (Pulliam and Caraco, 1984). Clearly, the
animals’ behaviour is constrained by the extent to which they can
assess the fitness pay-offs of these decisions, and such mechanisms of
assessment have received relatively little investigation in behavioural
ecology research (but see e.g. Bateson and Kacelnik, 1997). Further-
more, it is possible that these abilities have been somewhat blunted
by domestication. Nevertheless, the general prediction suggests that
group-living animals, including farm animals, should be predisposed
to live in groups whose size and composition may change across time.

1.4.1 Resource distribution: ideal free distribution theory

What factors influence group size? A fundamental underlying factor
is the way in which resources such as food or mates are distributed in
time and space. An important theoretical framework which has been
developed to predict how animals should distribute themselves around
resources is ideal free distribution theory (Fretwell and Lucas, 1970).
Its basic prediction is that animals should distribute themselves around
resource sites such that each individual is able to acquire resources at
the same rate, and cannot profit by moving to another site. It assumes
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that animals have complete information about the value of resource
sites and are free to move between these sites unconstrained by each
other.

These are clearly simplistic assumptions. In circumstances where
resources arrive at each site at constant rates and animals thus have a
good chance of obtaining complete information about the value of sites,
there is some evidence that animals show an approximation of the
predicted ideal free distribution. For example, if there are two equally
productive sites and all animals are equally able competitors, then
group sizes at the two sites should be equal (see Milinski and Parker,
1991). However, usually the situation is complicated by the fact that
some individuals are more able competitors than others. In this case,
ideal free distribution theory makes predictions based on the distribu-
tion of competitive ability rather than individual animals (Parker and
Sutherland, 1986). Thus, an ideal free distribution could be achieved
with a small number of highly competitive individuals and a large
number of less competitive individuals grouping around two equally
productive resources (see Harper, 1982). More complex scenarios
include those in which resources are depleting rather than remaining
constant. Despite its limitations, ideal free distribution theory shows
how the way in which resources are distributed can affect the distribu-
tion of individuals within aggregations or groups.

1.4.2 Optimal group size

The concept of an ‘optimal’ group size is sometimes mentioned when
discussing how farm animals should be housed (e.g. Stricklin et al.,
1995). In theory, as group size increases in free-ranging populations,
there will come a point, the optimal group size, at which the fitness
pay-off to each individual of being in a group (e.g. benefits of locating
and defending resources — costs of competing with others) is maxi-
mized. In a natural population, it is unlikely that the optimal group
size will be stable. This is because individuals in smaller groups will
benefit from joining the optimally sized group, making it bigger and
hence suboptimal once more. Individual decisions to join groups of
different size can be modelled using ideal free distribution theory
which shows that groups will indeed be larger than the predicted
optimal size, and this is often observed in empirical studies (see Sibly,
1983; Pulliam and Caraco, 1984).

For captive animals, it is theoretically possible to calculate an
optimal group size given known constraints such as space and resource
availability, and an agreed way of assessing fitness. For example, the
fitness pay-offs of being in the group may initially increase with group
size due to factors such as the thermal benefits of huddling. They may
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then remain level (‘optimal’) until a certain group size is reached at
which point within-group competition for space or resources increases
and pay-offs decrease. From an animal production and welfare per-
spective, it is possible to try and assess optimal group size on the basis
of welfare rather than, or as well as, fitness parameters (see Mendl,
1991, for discussion of the relationship between measures of fitness
and welfare). For example, some studies have attempted to determine
the maximum number of individuals that can be housed in a fixed
space without obvious detrimental effects on productivity and welfare
(e.g. Zayan, 1985; Weng et al., 1998).

1.4.3 Resource distribution and defence

In theory, individuals should become more resistant to immigration
into their group as the group reaches its optimal size, in order to
preserve this group size. This prediction draws our attention to the fact
that groups are only sometimes simple aggregations of individuals
coming and going as they please. If the quality and location of resources
has long-term stability, for example, food patches of differing produc-
tivity, then it may pay individuals to defend these from intruders when
the benefits of resource defence (e.g. priority of access) outweigh the
costs (e.g. energy and time expenditure, injury risk). The distribution of
the resource can then influence how many individuals are required
to defend it. If resources are tightly clumped and easily defendable by
one individual, then resource defence by single individuals will be
favoured. For example, during the breeding season male horses are able
to defend groups of females from the attention of other males (Waring
et al., 1975). If resources are distributed more widely, individuals may
not benefit from any form of resource defence, or may benefit by
grouping together to defend them, as in the pied wagtail example given
earlier (Davies and Houston, 1981). Kin relationships or familiarity
may predispose particular individuals to group together to defend
resources. Thus, defendable resources can encourage aggressive
territorial behaviour and influence group size. This general principle is
relevant when deciding how to distribute resources for captive animals
(Fig. 1.3).

1.5 Within-group Dynamics: Effects of Dominance

We have seen how resource distribution can act as an important deter-
minant of group size and how group size can be viewed as the outcome
of individual decisions to join or to leave. Here, we consider how these
decisions may depend on the individual’s status in the group. Within
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Fig. 1.3. This electronic sow feeder system is a potentially defendable resource.
Only one sow can access it at any one time. However, because the system
dispenses only a limited amount of food to each sow (which the system recognizes
according to the sow’s individually identifiable transponder collar), there is little
point in sows attempting to defend and re-enter the system once they have received
their daily ration. (Photo M. Mendl.)

most groups, not all individuals will achieve the same fitness pay-offs.
This may occur for a variety of reasons, but is particularly likely in
groups which have a clear dominance structure. The concepts of
dominance and subordination and their behavioural manifestations are
discussed in detail in Chapter 2. Broadly speaking, dominant or high-
ranking individuals are able to maintain priority of access to resources
over subordinate, low-ranking individuals, and hence are likely to
achieve better fitness pay-offs from group life. Consequently, high- and
low-ranking animals may maximize their fitness pay-offs by living in
groups of quite different size (Pulliam and Caraco, 1984). For example,
high rankers may acquire more fitness benefits as group size increases,
especially if their reproductive success is enhanced by the presence of
other animals (Brown et al., 1982), while low rankers are likely to incur
more fitness costs as group size and within-group competition increase.

1.5.1 Competition or cooperation between dominant and subordinate
group members

These rank-related differences in ‘optimal group size’ and fitness pay-
offs can affect the amount of within-group competitive or cooperative
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behaviour that is observed, and hence may have implications for how
captive groups should be structured. If high rankers impose too great a
cost on low rankers, there will come a point at which the latter benefit
from deserting the group. The question thus arises as to how much
subordination should be tolerated by low rankers before they decide to
leave. Similarly, when should high rankers ‘encourage’ them to stay,
for example by ceding reproductive concessions to them? Theory
suggests that under circumstances where the low ranker’s fitness
pay-offs from remaining in the group are relatively good (e.g. if it is
closely related to the dominant), there are few opportunities for it to
leave or be successful outside the group, and there is little chance of
overthrowing the dominant, it should tolerate subordination and few
reproductive opportunities (e.g. Vehrencamp, 1983; Emlen, 1997). In
these sorts of group, which may be common in captivity where leaving
groups is often not an option, overt exploitation and aggression by
dominants is relatively unconstrained by the threat of emigration
by subordinates.

Conversely, when the opposite circumstances are present, high
rankers are predicted to actively induce subordinates to stay in the
group, for example by allowing them reproductive opportunities (see
Emlen, 1997; Pusey and Packer, 1997). Cooperative, concessionary
behaviour by dominants may thus be observed in circumstances in
which, for example, animals have the opportunity to leave the group. In
free-living groups, there is limited evidence that dominants actively
provide incentives (e.g. breeding opportunities) to subordinates to stay
in groups, and it may well be that subordinates are able to stay and
breed because their behaviour is not under complete control of the
dominants (Clutton-Brock, 1998). Subordinates may also choose to stay
because dominance and subordination are usually transient features of
an animal’s status and not lifetime characteristics. Thus, over a long
period of time, the fitness pay-offs of individuals in a group may
actually be quite similar if most of them experience periods as both
low- and high-ranking animals (Clutton-Brock, 1988). In captivity,
however, groups are usually not together long enough for this to
outweigh the potential costs of subordination.

It is worth noting briefly here that different ‘roles’ within groups
need not imply dominance—subordination relationships or differing
reproductive success. Group members may adopt alternative tactics or
strategies which have the same fitness pay-offs (see Dominey, 1984).
For example, male coho salmon adopt two strikingly different growth
and mating strategies. Small jack males sneak for matings which their
fellow large hooknose males fight for, and both ways of behaving seem
to have equal fitness pay-offs (Gross, 1985). In captivity it is possible
that marked differences in within-group behaviour do, in fact, have
similar fitness and welfare pay-offs (see Mendl and Deag, 1995).
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1.6  Group Structure: the Influence of Mating Systems

Groups can take many different forms ranging from male/female pairs,
to female groups with attendant males, to large mixed-sex or segre-
gated-sex herds or flocks. Indeed, different farm animal species adopt
different group structures. Why should this be? The species’ ecology,
resource distribution and the selection pressures already considered
are obviously important determinants of group structure (e.g. Jarman,
1974; Wrangham, 1979). For example, a large group size may be a more
effective anti-predator response for a prey species living in an open
habitat than it is for one living in a forest habitat. This may be one of
the reasons why sheep adopt larger group sizes than do pigs. Super-
imposed on these basic influences on group structure are the effects of
sex differences and the species’ mating system. These act to determine
group composition and how males and females associate.

1.6.1 Sex differences and parental care as determinants of mating
systems

The roles of the two sexes in reproduction have an important effect on
mating systems and group structure. Avian and mammalian females
usually produce a limited number of eggs which can often be fertilized
by one or a few matings. Males, on the other hand, produce much larger
numbers of sperm and so have the potential to father offspring at a
faster rate than a female can produce them. The reproductive success of
a male is thus limited by his access to females, whereas the opposite
is not usually true; female reproductive success is limited primarily
by access to environmental resources such as food or nest sites. The
implication of these sex differences is that, generally speaking, females
distribute themselves around these resources, while males organize
themselves around and compete for females (Emlen and Oring, 1977;
Wrangham, 1979).

However, the extent to which males can compete for females is
limited by the amount of parental care they provide for their offspring.
If the survival and successful rearing of the offspring depends on male
parental care, then males are constrained in the extent to which they
can desert females and search for further copulations. The requirement
for male parental care depends on a number of factors. These include
whether the young require postnatal care at all (e.g. precocial or
altricial) and whether males are physiologically capable of providing
this care (e.g. lactation in mammals). Environmental factors, such as
whether resources are plentiful or easily defendable enough for one
parent to successfully rear the young, may also play a role. The degree
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of male parental care varies from species to species but, in general,
paternal care is considerably more common in birds than in mammals.

1.6.2 Resource distribution and types of mating system

The term ‘mating system’ refers to the ways in which individuals
obtain and defend mates, how many mates they have and how they care
for offspring (Emlen and Oring, 1977; Davies, 1991). In general, mating
systems can be categorized as monogamous when there is evidence of
long-term pair bonds and both parents contribute to rearing the young,
polygynous where males compete for matings with many females and
provide little or no parental care, and polyandrous where one female
monopolizes several males.

Most mammalian species, including farm animals and related spe-
cies, show low levels of male parental care and are thus predisposed to
form polygynous mating systems. In these species, female distribution
and group structure are influenced primarily by the factors we
have discussed earlier (e.g. predation pressure, food distrubution and
defendability). Male distribution is also influenced by these factors
but, at least during the breeding season, is more strongly influenced
by inter-male competition for access to females (female defence), or
for resource-rich sites (resource defence) around which females are
expected to gather. Mating systems and corresponding group structures
are thus strongly influenced by the defendability of the resources
which each sex values most highly.

If females occur in small ranges or in small, stable groups, then
single males may be able to defend them from others resulting in a
single-male polygynous mating system which may take the form of a
harem (Clutton-Brock, 1989). This appears to be the case in horses, red
deer and also in pigs, where males may compete for control of female
groups during the breeding season (e.g. Fradrich, 1974; Wood and
Brenneman, 1980; Clutton-Brock et al., 1982; Kaseda and Khalil, 1996).
Domestic fowl and other galliforms also show a harem-type mating
system, with males defending up to 12 females in some cases (Collias
and Collias, 1967; McBride et al., 1969).

When females occur in large or unstable groups, it is likely to be
uneconomic for males to defend several females at once and so the
mating system is more likely to be monogamous or involve competition
for females as they come into oestrus. Feral domestic sheep and related
species such as the moufflon seem to adopt this form of mating system,
with a clear rutting season during which male and female groups
intermingle and males compete for access to receptive females (e.g. Bon
et al., 1993; Rowell and Rowell, 1993). Free-ranging domestic cattle
living in mixed-sex herds (e.g. Howery et al., 1996, 1998) may adopt a
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similar system in which male-male dominance relationships are main-
tained throughout the year and influence priority of access to cows
when they come into oestrus (e.g. Chillingham cattle; Hall, 1989).

1.6.3 Mating systems and offspring emigration

The mating system that a species shows is one factor influencing
offspring emigration (dispersal) from the natal group. Dispersal may
function to prevent inbreeding and also because it benefits the dispers-
ing sex to leave rather than compete with older residents. In mammals,
males tend to disperse more than females. This may be partly because,
in polygynous mating systems typical of many mammalian species,
males defend female groups. Therefore, it pays young males to leave
their natal group to avoid mating with related females and to avoid
competing with their fathers for mates. Females, on the other hand,
may benefit from inheriting or sharing a good home range with their
mothers and sisters. In contrast, in birds it is females who tend to dis-
perse. In these species where males often defend breeding territories, it
may pay a male to remain near his birth place and perhaps inherit a
part of his father’s territory (Greenwood, 1980). One consequence of
dispersal is that the non-dispersing sex, especially females, form family
groups in which kin-selected ‘altruistic’ behaviours can evolve.

Although these general principles of dispersal apply to many
mammal and bird species (Greenwood, 1980), the dispersal of an
individual will be influenced by the relative costs and benefits of doing
so at the time. In several species, principally birds, dispersal may be
delayed when the fitness pay-offs to an individual of staying in the
natal group and helping to raise related young are greater than those to
be had from leaving and attempting to breed (Emlen, 1997).

1.6.4 Seasonal variation in group structure

Mating systems may themselves vary within a species according to
prevailing ecological conditions (see Davies, 1991). In species with
distinct breeding seasons, group structure outside these seasons may be
quite different from that observed during breeding, and determined
more by the factors discussed earlier in this chapter. For example, out-
side the rutting season sheep adopt sex-segregated groups which often
occupy non-overlapping home ranges (e.g. Ruckstuhl, 1998). Further-
more, mating systems may stay constant, but group sizes can fluctuate
according to the seasonal availability of resources. In Cantabrian
chamois, for example, Perez-Barberia and Nores (1994) showed that
herd size varied seasonally according to food availability and the
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nature of the escape terrain. All these points again emphasize the
flexibility of natural social groupings, and that groups adjust according
to resource distribution and availability.

Finally, it is worth noting that, although mating systems may
appear to be of one type, this does not always reflect the true distribu-
tion of reproductive success. For example, Kaseda and Khalil (1996)
used blood types to test paternity in 99 feral horse foals and showed
that, despite the existence of apparently stable harem structures in the
population, 15% of foals born were not sired by their harem stallion.

1.7 Conclusions: What Use is the Evolutionary Approach
for Understanding Farm Animal Social Behaviour?

Throughout this chapter we have used an evolutionary framework to
answer questions about the existence of group life and the variety of
group structures. To conclude, we will now consider in more detail
how this approach can help us understand, predict and manage farm
animal social behaviour. For the evolutionary approach to be of much
use, we need to assume that the social organization and behaviour of
farmed species still retain characteristics and ‘design features’ resulting
from natural selection prior to domestication. Clearly, the assumption
is most likely to be valid for recently domesticated species and for wild
species which humans have only just started to manage and farm
(e.g. some species of deer and fish). As outlined in the Introduction,
there is also support for the assumption in species which have been
domesticated for several thousand years. If the assumption is valid, we
suggest that the evolutionary approach is useful in two main ways.

1.7.1 General principles may guide husbandry design and practice

First, it provides general principles about group life which can help us
predict the social behaviour of farm animals under certain conditions,
and hence design humane and efficient housing and husbandry
systems which take these predictions into account. The evolutionary
approach emphasizes the inherent flexibility of natural social groups.
Individuals are predicted to join and leave groups as the relative
benefits that they can realize from group life change. We should thus
design group housing with this in mind. Animals may need to be
removed from groups or at least be able to escape the attention of other
group members. Furthermore, the ability of animals to leave groups
may act as a constraint on the expression of despotic behaviour. In
natural groups, high-ranking animals risk losing group members if they
overexert their dominance. In captive environments where emigration
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is not possible, this proximate constraint on the behaviour of high-
ranking animals is removed and potentially allows them to behave in a
much more despotic way than would normally be tolerated by other
group members (Mendl and Newberry, 1997).

The defendability of resources, be they food, home ranges or
females, has repeatedly emerged as an important factor influencing
group structure. Defendable resources encourage territorial behaviour,
and the distribution of resources influences the number of individuals
required to defend them, hence affecting group size. The existence of
defendable resources within a group may also exacerbate the effects
of dominance on subordinate individuals (see Hansen and Hagelso,
1980). If resources such as food are widely distributed in space and
arrive simultaneously, this decreases their defendability and mini-
mizes within-group competition. Resource distribution of this sort has
been used in farming as one way of preventing dominant animals from
out-competing their subordinate group members (e.g. fish farming; see
Metcalfe, 1990). Recent research has started to examine whether pigs
distribute themselves in direct proportion to the availability of food
at different sites. If so, this would increase the chances of all pigs
achieving an equal food intake rate (the ideal free distribution). Pigs
show a propensity to distribute themselves in this way, but it appears
that they use trough length rather than actual amount of food as the
main cue guiding their dispersal around the troughs (Done et al., 1996)
(Fig. 1.4). Research of this sort, building on principles from behavioural
ecology, could be used to ensure that resource distribution in farm
animal housing is equitable and favours low levels of within-group
competition (see Metcalfe, 1990).

1.7.2  Species-specific knowledge and husbandry design

We suggest that the second main way in which the evolutionary
approach can be of use in predicting and understanding farm animal
behaviour is by providing species-specific knowledge. It seems likely
that farm animals have evolved to deal most effectively with the group
sizes and structures typical of ancestral or related species (cf. Price,
1984). By understanding the group structures of these species, it may
be possible to predict the types of group which lead to harmonious
or damaging social interactions in farm animals. At the simplest level,
the social behaviour, communication and recognition abilities of
individuals are likely to be adapted to the range of group sizes adopted
by the species in free-ranging situations. Housing the species in
groups of radically different size (e.g. chickens housed in groups of
thousands (Nicol and Dawkins, 1990)) may interfere with these
abilities and lead to welfare problems. However, the inherent flexibility
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Fig. 1.4. Distribution of a group of 15 pigs around two troughs of the same length,
but with twice as much food in one (the ‘more profitable trough’) as the other. The
figure shows the mean number of pigs at the more profitable trough, starting at time
0 when food was delivered to the troughs, across four separate trials. The lower
broken line shows the predicted distribution if pigs distribute themselves according
to trough length. The upper broken line shows the predicted distribution if they
use amount of food available as the main cue. Pigs initially appear to distribute
themselves according to trough length. As time passes, the distribution of food
becomes more influential. (Adapted from Done et al., 1996.)

of social life may predispose animals to be able to adopt a broad range
of social groupings. For example, domestic cats are able to adopt a
variety of different social groupings depending on environmental
conditions and resource distribution (see Kerby and Macdonald,
1988).

A knowledge of the species’ mating system may also provide
important predictive information. For example, in species with a
polygynous mating system where females and resources are defended
vigorously, the housing of adult males together is likely to be problem-
atic (e.g. domestic pig, deer). In seasonal breeders, this is most likely
during the breeding season. Outside this season, housing males
together may cause few problems. An understanding of the patterns of
dispersal of offspring from natal groups can also be useful in guiding
the design of husbandry systems for growing animals.
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1.7.3 Limitations of the evolutionary approach

Although evolutionary theory provides a basic framework for under-
standing the phenomena of group life, there are problems with the
approach which must temper any conclusions that we make. One
fundamental problem relates to the ability of animals to behave
optimally. Throughout the chapter, we have spoken about animals
being expected to behave in certain ways in order to maximize their
reproductive success. However, this raises the question of exactly how
animals might evaluate fitness consequences of behavioural decisions.
How does an animal determine whether it is in its best fitness interests
to join a group or remain solitary? There may be constraints on the
accuracy of such assessments, or use of simple ‘rules of thumb’ which
mean that animals are limited in their ability to do exactly what
evolutionary theory predicts they should do.

Another general problem is that we can end up proposing adaptive
‘explanations’ for the origins of group life which are based more on the
observer’s hunches than on hard evidence (Gould and Lewontin, 1979).
This is exacerbated if we are unable to test hypotheses which derive
from these explanations, and, even if we can test them, we must be
careful not to confuse the apparently adaptive current utility of a
behaviour with its presumed function in the past history of the species.
Similarly, we can never be entirely sure about exactly how a species’
social organization has evolved, so any predictions we make are
necessarily based on assumptions rather than precise facts about the
species’ evolutionary history. Finally, the relevance of evolutionary
theory to domestic species remains a matter of debate. For example,
artificial selection may have inadvertently selected for social tolerance
of others (Hemmer, 1990), thus allowing domestic species to be kept in
social conditions which ancestral or related species would not tolerate.
While this is certainly possible, we still feel that the principles and
concepts offered by an evolutionary framework provide a valuable
background against which to consider the social behaviour of farm
animals.
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2.1

(Editors’ comments: If, as has been presented in the previous chapter, the
majority of our farm animals live in groups, then it becomes necessary
to discuss in more detail life within these groups. This is the aim of
Lindberg’s chapter and it takes up the basic principles of group life that
will appear again several times throughout this book. For example, most
people are already familiar with the term dominance hierarchy, but there
are many subtle aspects to this seemingly simple concept. These include
the effects of group size and available space on hierarchy formation and
questions about the importance of individual recognition on the stability
of the hierarchy.

Communication is another deceptively simple term, but one which
raises many questions as to what information is actually transmitted
and what is actually received by individuals. Aspects such as how easy
the signal is to detect, how easily it can be discriminated from other
signals and how easily it is remembered all influence what is and can
be communicated.

The first part of this chapter deals with essential basic information
about how groups work. The second part deals with the structure of the
group, that is to say how the social dynamics of a group are determined
by the types of individuals who make up the group and by the size of
the group.)

Introduction

Chapter 1 discusses why animals live in groups and what benefits or
disadvantages they might derive from group life, in an evolutionary
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sense. In this chapter, I will move on from this to discuss relation-
ships between individuals within the group and consider how the
maintenance and successful functioning of the group are achieved
through social behaviour.

A definition of a group such as Wilson’s (1975), ‘any set of
organisms, belonging to the same species, that remain together for a
period of time interacting with one another to a distinctly greater
degree than with other conspecifics’, gives us one view of group life.
However, in the case of domestic animals, additional factors come into
the equation since domestic animal groupings are often controlled
entirely by humans. Thus, domestic animal groups may be ‘managed’,
as in an intensive farming system, or they may more closely approach
the ‘natural’ groupings found in their wild ancestors, in the case of
free-ranging or feral animals. These situations result in very different
types of groups with respect to group size, spacing, dispersal, and age
and sex distribution. By confining animals, we also affect the group’s
habitat and the ability of individuals within the group to choose
whether to stay or leave. It is extremely important to consider the
species’ natural groupings when designing management systems and
the most welfare-friendly systems tend to be those where the animals
are kept in ways that capture the important features (such as the group
size, offspring dispersal patterns and parent—offspring interactions)
of natural groups (e.g. the family group system for pigs; Stolba and
Wood-Gush, 1984; Wechsler, 1996). Interactions between individuals
of groups may be grossly different when kept in inappropriate
groupings and many abnormal interactions found under intensive
conditions are never seen in free-living groups. For example, the ‘buller
steer syndrome’ is a major problem associated with cattle kept under
commercial feedlot conditions, but rarely occurs under pastured
conditions where escape is easier (Blackshaw et al., 1997).

In this chapter, I will describe how the behaviour of individuals
within the group can result in dominance hierarchies, communication
and patterns of spacing. The relevance of these to domestic animal
management and husbandry operations is an important consideration.
In Europe, there has been considerable behavioural research on laying
hens and pigs, partly in response to concerns about their welfare under
intensive conditions. Thus, many of the examples in this chapter will
come from these two species. Sheep and deer, in comparison, are still
farmed relatively extensively and are far more likely to be allowed to
determine their own, species-appropriate, ways of living in groups.
Cattle are somewhat intermediate, often being kept extensively during
the summer and housed intensively during the winter months.
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2.2 Maintaining the Group

Once established, a number of mechanisms contribute to maintaining
the cohesion of the group. Groups can range from temporary aggrega-
tions to highly structured societies. Even within a species, different
types of groupings may occur, depending on such factors as seasonal
food availability or breeding status. In domestic animals, groups may
last longer than they would in a natural situation, since group members
are not usually at liberty to decide when to coalesce or to disperse the
group. With occasional exceptions, a group is not simply a collection of
anonymous animals, but is an actively formed and maintained unit.
However, this does not imply that animals act altruistically to maintain
the group (see Section 1.2). Rather, a major feature of the group is that
each animal acts (or attempts to act) for its own maximum benefit in its
interactions with conspecifics, and this may result in ‘emergent proper-
ties’ that affect the group as a whole, such as dominance hierarchies.

2.2.1 Dominance

The concept of social dominance was pioneered by Schjelderup-Ebbe
(1935, cited in Syme and Syme, 1979), who was the first to make a
scientific study of the ‘peck order’ in chickens. Dominance relation-
ships are a cornerstone of group life in general and create ‘rules’ by
which social encounters are controlled. The term ‘dominance’ refers to
the predictable relationship between a pair of conspecifics, where one
animal has learnt to dominate the other (subordinate), which in its turn
tends to avoid confrontations. This is a learned relationship relying on
animals recognizing each other and remembering previous social
encounters, retaining their relative status during future meetings. Other
strategies than individual recognition are also possible, e.g. using a
‘rule of thumb’ as discussed below in Section 2.3. The sum of all such
dominance relationships within a group is known as the dominance
hierarchy or peck order. The ‘dominance rank’ thus represents an
individual’s relative position with respect to all other animals in the
group (Stricklin and Mench, 1987). The dominance order is unique to a
particular group and adding or removing individuals will therefore
have repercussions through the group, temporarily upsetting the
equilibrium until a new dominance order has been established (e.g.
Keiper and Sambraus, 1986). The rank of an individual in one group
does not tell us what rank it will finally have when it becomes a
member of a different group, i.e. dominance ranks are specific to a par-
ticular group. Dominance hierarchies do not imply that the difference
between each rank is equidistant to any other difference (Fig. 2.1).
Beilharz and Zeeb (1982) found that, in three dairy herds studied, there
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A Dominant A Dominant
l C ___» D Subdominant
B Subdominant
¢ B Subordinate
C Subordinate E Very subordinate

Fig. 2.1. (a) Simple linear dominance hierachy in a small group. Note that
dominance behaviour can vary in intensity, e.g. individual B may dominate
individual C more strongly than it in its turn is dominated by A, as indicated by

the thickness of the arrows. (b) Increasing group size leads to increasing complexity
in inter-individual dominance relationships and to variability in the intensity of
interactions. Individuals may not fall into the simple dominant/intermediate/
subordinate categories found in small groups, while triangular or more complex
relationships are common.

was no single cow that was dominant over all others, i.e. all cows had
to be submissive at some point. Groups can be thought of as ‘units of
lowered aggressiveness’ (McBride, 1971) and other conspecifics are
normally attacked if they enter this unit.

Within a group, individuals with different ranks may have different
tasks, for example, the alpha individual may not only be dominant to
other group members but may also be a leader during migratory
movements or be more closely responsible for group defence. Both
the dominant and the subordinate status can have advantages and
disadvantages. For example, a subordinate might be the recipient of
high levels of aggression but might also benefit from group protection
and food-locating abilities by more dominant animals. Conversely,
dominants may get more matings and priority of access to other
resources, but there is also evidence that dominants may be more
stressed or fearful (Jones and Faure, 1982). However, this is probably
less relevant to the domestic or intensive situation, partly because
many tasks (e.g. predator defence, migration) may be unnecessary and
partly because domestic animals are often kept in single-sex, same-age
flocks. In comparison, in a natural situation there will be a gradual
move up the ranks as the animal matures, passing from the juvenile
subordinate stage to the more dominant adult stage and possibly taking
over from the existing alpha individual. Older animals generally have
higher rank than younger ones and adults are almost invariably domi-
nant to juveniles. Within the adult group, age effects may be overridden
by time of entry to the group. Thus an older adult may be subordinate to
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a younger but more long-term group member (Beilharz and Zeeb, 1982).
Social dominance is established in domestic hens during maturation
and may then persist even when the actual ability to win contests with
strangers has changed significantly (Lee and Craig, 1981), suggesting
that existing hierarchies may not continue to be closely correlated with
competitive ability. Small groups of domestic animals of the same
sex and approximately the same size often have linear or near linear
social organizations, while larger groups usually have more complex
organizations (Rushen, 1982; Craig, 1986) (see Section 7.1.6).

The dominance hierarchy functions by the combination of aggres-
sion from the dominant and submission from the subordinate, i.e.
when the subordinate acts appropriately this inhibits the dominant’s
aggression. Should the dominant exceed the ‘limits’ or the subordinate
fail to respond in the appropriately submissive way, the interaction
may escalate to such an extent that serious injury occurs or the subordi-
nate is forced to leave the group. Alternatively, a ‘challenger’, e.g. a
member of an equine ‘bachelor group’, could oust the alpha individual.
However, in a domestic situation, these controls to the intensity of the
interaction may not be effective, which can cause excessive aggressive-
ness directed at subordinates, since the latter have no way of escaping
or leaving the group (Mendl and Newberry, 1997). In flocks of domestic
chickens, for example, some individuals are very dominant and some
are extremely subordinate with the rest joining in the attack on the
subordinates. Thus, a behaviour that is adaptive in the wild, becomes
abnormal under intensive management conditions when lack of space
means that the dominance hierarchy cannot function correctly.

Although the dominance order does help in allocating resources,
it is not an equal distribution dependent on dominance rank (Craig,
1986). More probably, there is plenty for the top-ranking individual
and little for the rest (e.g. the most dominant bull or stallion in a
herd tends to do most of the mating) or, alternatively, the majority
get an equal share but very low-ranking individuals get a poor deal (e.g.
Cunningham and van Tienhoven, 1983; the lowest-ranking hen got
very little food with resultant poor body condition and the rest of the
flock got a larger amount).

The ‘avoidance order’, whereby more subordinate group members
avoid provoking those ranked above them, is equally important.
Among domestic animals, this is particularly obvious in, for example,
riding horses, which are often extremely fit and fed excess energy;
serious injuries are frequently sustained when such horses are not
given sufficient space allowance to avoid conflict. Avoidance orders
are also observed in sows; thus, when sufficient space was available,
subordinates could inhibit aggression in dominant sows by lowering
and turning the head away (Jensen, 1982). In contrast, farm animals
are often kept at considerably higher density (e.g. poultry) and are
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frequently less mobile (e.g. turkeys, dairy cows), which may reduce the
amount of interaction they can perform.

2.2.2 Aggression/threatening

Aggression is a basic feature during formation of a dominance
hierarchy, but although the dominant individuals probably have to be
aggressive to achieve their dominant status, they do not need to be
aggressive subsequently in all social situations to maintain their
position. Indeed, once established, one of the results of a hierarchy is to
avoid the need for aggressive and injurious interactions. None the less,
when first mixed, it is common in most highly social species to observe
heightened levels of aggression, perhaps because there are positive
fitness advantages in deterring intruders and retaining priority of
access to resources (Fraser and Rushen, 1987). While dominance rank
is not exactly the same as frequency of aggressive or submissive acts,
these are very important aspects of the rank order. However, if strong
antipathies or tolerances exist between animals, this can result in
distorted data. For example, an animal of intermediate dominance
might be extremely abusive towards the few individuals it does
dominate, whereas a very high-ranking animal might only rarely
get involved in any obviously agonistic interactions. The level of
threatening and aggression is influenced by evolution, which has
resulted in ritualization of aggressive behaviour, such that injury and
excessive energy wastage can be avoided.

The level of agonistic behaviour in a group is partly dependent on
group size; small groups should have a stable and linear or other simple
hierarchy and little need for aggression. Slightly larger groups may
contain triangular or more complex relationships and there may be
more changes or reversions of dominance, and hence slightly higher
levels of agonistic interactions. Once the group is very large, e.g. as in
intensive poultry systems with thousands of individuals, it seems that
aggression gets lower. For example, Hughes et al. (1997) reported that,
even when allowed to mix with a previously separate flock, there was
no apparent evidence for increased aggression in laying hens. In large
groups, Hughes et al. found that birds could be in close proximity
without provoking aggression, whereas in small groups moving past or
close to a flockmate tended to provoke an agonistic interaction (Grigor
et al., 1995). As group size in domestic fowl changes from small to
very large, there may be a move from hierarchical organization to an
assessment based on body size or other phenotypic factors (Hughes
et al., 1997; Pagel and Dawkins, 1997). Alternatively, there may be a
threshold beyond which no attempts to form hierarchies are made: if
the rate of encountering birds exceeds a certain limit, birds may adopt a
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non-intervention strategy. Thus, it seems likely that large flocks
preclude individual recognition (which may be necessary for a stable
hierarchy; McBride, 1964) and that birds do not recognize flockmates
as ‘familiar’ or other birds as ‘unfamiliar’ (Hughes et al., 1997). Lack of
recognition (or social structure) could be a factor in minimizing
agonistic interactions between individuals, resulting in a relatively
lower level of aggression compared with smaller groups. Evidence from
various studies suggests that in domestic hens aggression tends to be
low in large flocks and higher but variable in smaller flocks (up to
approximately 12 birds). For example, Al-Rawi and Craig (1975) and
Hughes and Wood-Gush (1977) report increased aggression with
increased group size over a low range of group sizes. Lindberg and
Nicol (1996a) also reported an increase in fighting when unfamiliar
birds were mixed in a group size of 80. However, when groups become
very large, relationships break down and it seems unlikely that
hierarchies exist in flocks of several thousand individuals.

Various methods have been used to determine dominance, often
involving the creation of competitive situations, for example by
food deprivation. Dominance orders based on paired encounters of
unfamiliar animals in neutral territories do not tell us much about
actual dominance hierarchy that would be established in the home
group, but may give some indication of the underlying competitive or
aggressive tendencies. These are based on the assumption that a higher
social rank always gets priority of access when animals are competing
for scarce resources. Syme (1974) was critical of this view and found
that different studies using different competitive interactions (e.g. over
food, mates, escape from aversive situations) did not correlate well
with dominance orders. Therefore we need to validate the competitive
order with dominance interactions to use it as an indicator of domi-
nance rank. Another point to note is that different types of competitive
interactions might give different results: Banks et al. (1979) found
that success in competitive encounters for food correlated well with
dominance rank in hungry domestic fowl, but no competition occurred
in thirsty birds, which simply waited for their turn to drink. Thus,
what would seem to be a high priority item for humans may not elicit
competitive behaviour in another species (Craig, 1986). Furthermore,
the level of priority given to a behaviour will depend on the animal’s
current motivation. A hen may be unwilling to move past a more
dominant individual to reach a nest site, but may be prepared to do
so as its nesting motivation increases during the sitting phase of
pre-laying behaviour (Freire et al., 1997). Thus, a satiated animal may
perform poorly in a competitive test over food, but still be dominant in
its home environment. However, if it is sufficiently motivated (e.g. very
hungry), an animal might ignore previously established dominance
relations.
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An alternative method for measuring dominance would be to
deprive the animals of a resource, such as food, and then observe
agonistic activity that occurs when the group of animals gets access
again. This method does not measure the control of the resource per se
but rather the aggressive and submissive acts elicited by the situation.
However, a drawback of this situation is that if deprivation is too long,
causing the ensuing competitive situation to become too intense, it
can be very difficult to ascertain accurately the hierarchy as numerous
peck-order violations and intense aggression may obscure the relation-
ships that normally prevail during less competitive conditions.

2.2.3 Stability of hierarchy

Animals do not usually challenge each other continually; if an animal
lost an interaction a few hours ago, then it is likely to lose again now.
However, over time, reversals and changes do occur as individuals
age or the group composition changes and ‘consistently’ dominating
another individual is not the same as ‘permanently’ doing so. Managed
groups may be unstable because of their constantly changing group
membership. For example pigs are mixed and re-mixed during routine
husbandry, resulting in high levels of aggression (Jensen, 1994; Erhard
and Mendl, 1997; Giersing and Andersson, 1998; Puppe, 1998) (see
Section 8.3.3) and domestic horse herds are often in a state of flux,
particularly in the case of ‘sporting’ horses which are removed for
varying lengths of time when taken to competitions and similar (see
Section 9.1.6). An early experiment on domestic hens by Guhl and
Allee (1944) suggested that constant changes of flock members result in
increased aggression. They removed a hen from an established group
on alternate days and replaced it with a new, unfamiliar, hen, causing
disorganization of the flock and resulting in reduced food intake
and increased aggression. However, such experiments necessarily also
involve repeated intrusion and handling by the human experimenters,
which may have played a part in the hens’ responses. If the hierarchy
does not involve recognition, then stability would depend on all
animals consistently following rules such as ‘always give way to
conspecifics bigger than yourself’. Recognition involves a social
memory of the past encounters that initially established social status.
In horses, for example, group members can be separated for long
periods (6 months or more) and still immediately settle back into the
same hierarchy when reunited, retaining previously formed prefer-
ences and antipathies for individual herd mates. Conversely, domestic
hens appear to have a much more restricted social memory and will
treat as a stranger an individual from which they were separated only
a few weeks earlier. As discussed by Wiepkema and Schouten (1990),
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individual recognition may involve ‘heavy cognitive efforts’, which
can vary from simply identifying an individual as a conspecific or a
group member to recognizing it as a particular individual, a range
of increasing complexity and therefore of increasing cognitive effort.
Recognition itself may also have different levels of complexity,
including individual recognition of all or only some group members;
maintaining superficial or very detailed information on an individual;
and at a complex level it may also include information about relation-
ships between other group members (see Section 14.1).

2.2.4 Social requirements for dominance orders to function

Animals need methods of allocating space within (and between)
groups. Spacing over a geographical area can be achieved through
territoriality, where one animal or group of animals controls an area
and its resources by repelling other animals through overt aggression or
other signalling (Stricklin and Mench, 1987). Animals very rarely space
themselves randomly with respect to other individuals of the same
species, which they may be either attracted to or repelled from. Farm
animals rarely have the opportunity to defend a fixed area and many
species, such as horses, do not usually defend a fixed area even in wild
or feral circumstances (see Section 9.1.2). The variation in spacing
patterns is related to variation in the distribution and predictability
of important resources: territoriality will only be favoured when the
benefits of exclusive use of a resource outweigh the costs of defending
it, i.e. when the resource is ‘economically defendable’ (Monaghan,
1990). An alternative (or additional) strategy in such cases is to
maintain ‘individual distance’ or ‘social space’, which encompasses a
‘portable’ space that surrounds the animal and moves with it. The size
of the required individual space varies, depending on the type of
species: some species are known as ‘contact species’ and frequently
spend time in close contact (e.g. horses; Fraser, 1992), whereas for
example hens prefer to keep the space around their heads clear of
conspecifics (McBride, 1971). It appears that, although pigs do have
space requirements and need space for various activities, they do not
seem to have a particular requirement for personal space around their
bodies and heads that is kept clear of conspecifics. It seems more likely
that their tolerance of proximity depends on what behaviour they are
currently engaged in and whether they have a particular ‘resource’ to
defend (Baxter, 1985). The space between individuals also depends on
the activity currently in progress. Although we can define individual
or social space as ‘the distance an animal attempts to keep between
itself and conspecifics’ (Wilson, 1975), this relationship with current
behaviour means that it might be better to describe precisely what is
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happening at a particular time. However, proximity can itself be a
causal factor for some behaviours (Nicol, 1989). Hens were found to be
approximately 3 m apart when walking but only 1.5 m apart during
preening (Keeling, 1994) and cattle lie 2—3 m apart but are 4—10 m apart
when grazing (Fraser and Broom, 1990). Under intensive conditions,
such as battery cages, animals may have little choice but to remain in
constant close body contact. Attempts have been made to alleviate this
problem by improving the cage environment to include perches and
other facilities that allow hens to avoid each other to some extent
(Appleby, 1995) and to make better use of the available area.

Careful study of the use of space and what aspects of it are
important have aided design of ‘escape facilities’. For example, studies
of pigs showed that the space around the head was of great importance
during aggressive interactions and that simply providing ‘popholes’ in
the wall, in which the pig could hide its head and shoulders from the
aggressor, significantly reduced aggression in newly mixed weaned
pigs (McGlone and Curtis, 1985). On a more extensive scale, provision
of visual cover for farmed red deer was found to have the effect of low-
ering aggressive behaviour within the herd (Whittington and Chamove,
1995). These studies show that it is possible to use visual barriers to
defuse a situation that might otherwise involve a serious violation of
personal space and an associated rise in aggression.

It is extremely important to provide sufficient space for animals to
establish a hierarchy. Pigs, for example, require sufficient space to be
able to fight using the ‘parallel/inverse pressing position’, whereby
two pigs push each other shoulder to shoulder facing in the same or
opposite directions, sometimes circling simultaneously (see Section
6.2.1). To perform this, pigs need almost two body lengths of clear
space and to allow simultaneous circling may require a clear circle
of that diameter. Since this behaviour is a major part of fights, it
is most probably important in establishing dominance hierarchies —
hence, preventing the behaviour through insufficient space provision
might be expected to influence the efficiency with which pigs decide
their rank relationships (Jensen, 1982; Baxter, 1985).

Lack of space might also prevent a submissive animal from
retreating in defeat. This would mean that submission might not be
recognized and fights might be unnecessarily prolonged. The distance
that the animal needs to retreat before submission is effective may vary
in different species and could also depend on the individual animal’s
relative rank in the dominance hierarchy. Thus, a very subordinate hen
might be chased during its retreat whereas a less subordinate hen could
merely be ignored by the dominant. As discussed above, the space
required can be influenced by introducing artificial barriers to reduce
visibility. For instance, barriers between feeding cows were found to
eliminate the differences between dominants and subordinates in time
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spent feeding since subordinates were no longer forced to withdraw
from the communal feeding space on the approach of a more dominant
cow (Boissou, 1971, cited in Manson and Appleby, 1990).

2.2.5 Affiliative behaviour

The emphasis on aggression and dominance in this section reflects the
amount of work that has been done in this area. Affiliative behaviour
has not been investigated as thoroughly in farm animals, although
horse owners have long been aware of the importance of preferred asso-
ciates (e.g. Fraser, 1992). An understanding of the different roles that
animals may assume within a group can help us to design husbandry
systems that will function adequately and will not excessively strain
their capacity to cope. For example, permitting animals to establish
‘friendships’ with preferred associates or avoiding mixing of unfamiliar
individuals whenever possible, is known to reduce aggression in pigs,
poultry and horses.

2.3 Communication Within the Group

A signal is a way in which one individual (the ‘actor’) causes a response
in another individual (the ‘reactor’ or receiver; Krebs and Dawkins,
1984), i.e. it results in some form of action. We can distinguish between
cooperative signalling, where the receiver benefits from detecting the
signal (e.g. signals to a potential mate), and non-cooperative signalling
(Harper, 1991), where it does not (e.g. unintentionally attracting
a predator). Signals often develop from existing movements (or
structures) that originally may have had no signalling function (the
principle of ‘derived activities’; Tinbergen, 1952). For example, the
juvenile behaviour pattern of food begging is often part of adult
courtship behaviour and food passing may appear in response, in the
same context. Through the process of ‘ritualization’, signals have
evolved from non-signals and, as a result, a behaviour pattern may have
become highly repetitive and exaggerated, making it suitable for its
new purpose (Krebs and Dawkins, 1984). Clearly, signals are more
likely to evolve from existing behaviour patterns or morphological
structures, since they would otherwise have to evolve de novo through
genetic mutation, necessitating a parallel evolution of an appropriate
response in the recipient.

To function in communication, signals need to be received: three
main factors affect the efficiency with which this occurs (Guilford and
Dawkins, 1991). Firstly, the ‘detectability’, i.e. the physical parameters
such as intensity, duration and repetition rate. Such factors may differ
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depending on the habitat, e.g. birds living in a forest environment tend
to have lower frequency songs compared with those living in more
open habitats (Morton, 1975). This implies that the signal has become
adapted to the environment. In the case of domestic animals kept in
man-made environments, we therefore need to consider whether such
adaptation is necessary and whether it has had the evolutionary time
to occur. Secondly, ‘discriminability’ or how easily the signal can be
discriminated from other stimuli with which it may be confused. In
intensive husbandry, the density and social arrangements generally
differ greatly from those in natural environments, and it seems
reasonable to assume that e.g. excessive crowding might have some
influence on discriminability. Thirdly, the ‘memorability’ of the signal,
or how easily it can be remembered or associated with other relevant
stimuli. This is particularly important in social contexts, such as
during the formation of dominance hierarchies which rely heavily on
recognition either of individuals or of some general ‘status badge’
(Barnard and Burk, 1979).

One of the problems facing signallers is that ‘noise’ (in the technical
sense; Harper, 1991) may impede the detection and recognition of
signals by receivers. The receiver may also need to locate the signaller
before responding. One of the most common sources of interference is
the displays by other signallers attempting to communicate with other
receivers nearby (Johnstone, 1997). Breakdown of communication can
occur at any stage, whether caused by a complete failure to detect
the signal or by the receiver responding to irrelevant stimuli in the
environment. Signals can be affected by several different types of noise,
such as degradation through space or time, high levels of competing
stimulation or even by receivers being highly selected to avoid
responding to false alarms.

Different types of signalling modalities have different require-
ments, some of which may be violated under normal intensive
husbandry conditions. For example, sound signals can be impeded or
distorted by high volume levels in the environment or by obstacles.
This is particularly likely in the case of small animals (e.g. rodents),
which are not physically capable of emitting low-pitched sounds
that travel well. Similarly, visual signals may be designed to function
in environments lacking physical obstructions or at certain light
intensities. To receive a signal, it may also be necessary for the receiver
to be located at a particular distance from the signaller. For example,
Dawkins (1995, 1996) has shown that hens need to examine
conspecifics at very close quarters (less than 30 cm) before they can
decide whether a particular individual is familiar and react accord-
ingly. The method of signalling is also influenced by factors such as the
developmental stage of the signaller or receiver: e.g. initial sow—piglet
recognition is by odour (Horrell and Hodgson, 1992), but after weaning
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recognition becomes increasingly multisensory (Meese and Baldwin,
1975).

Signals are known to be adapted to the environment in which they
are used, including the social environment of the group. In some bird
species (e.g. Richards, 1981), songs have been shown to include special
alerting components, which precede the actual message part of the
song. It seems plausible that, as group size and complexity increase
(e.g. from jungle fowl in groups of five to eight, to modern poultry
kept in groups of several thousand), such alerting components might
become increasingly important. Weary and Fraser (1995b) suggested
that domestication could lead to increased signalling by enhancing the
response to a signal, e.g. in the form of human handlers who can assist
an animal that signals its needs. The size of the group is likely to have
direct effects on the amount of noise in the environment and hence
on the need for repetition and redundancy of signalling components.
Conversely, in barren environments, signals might become one of
the few stimuli available to animals and could come to be repeated in a
stereotypic manner. It has been suggested that vocalizations might be
used as indicators of welfare in domestic hens: for example, work on
‘gakeln’ calls in domestic hens has shown that the number of calls
increased during a situation of frustrating non-reward (Zimmerman
and Koene, 1997). Vocal behaviour has also been used as an indicator
of pain, on the assumption that the calls are reliable signals of the
animal’s internal state. Thus, piglets were found to vocalize for longer
and more loudly during castration than did those handled in an
identical way but not subjected to castration (Braithwaite et al., 1995).
Similarly, ‘non-thriving’ and ‘non-fed’ piglets gave more and higher
frequency calls during separation from the sow, suggesting that piglets
in greater need of the sow’s resources called more and used different
calls compared with those in lesser need (Weary and Fraser, 1995a).

2.4 Roles Within the Group

2.4.1 Strategies and models

Different individuals within a group have different roles. I have dis-
cussed the dominant/subordinate distinction, but other subdivisions
can also be used. For example, Mendl et al. (1992) observed pigs in
groups to have different propensities to fight. ‘High success’ pigs were
characterized by low levels of inactivity, high aggression and a high
involvement in social interactions. A greater number of individuals
were classified as ‘low success’ and were aggressive despite their lack
of success, experiencing high levels of aggression from and displace-
ment by other pigs. ‘No success’ pigs never displaced another pig and
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were the most inactive, least aggressive, showing low involvement in
social interactions. This study thus highlighted that pigs were able to
choose whether to fight or not.

In animals reared in family groups, the role assumed by an
individual may be influenced to some extent by that of its mother.
Several studies described a positive correlation between the female
hierarchy in a horse herd and that of their foals, both before and after
weaning (Houpt et al., 1978; Houpt and Wolski, 1980; Araba and
Crowell-Davis, 1994). Within peer groups, foals obtained ranks
comparable with those of their dams among the mares. Interestingly,
one study found that the dominance hierarchy among the foals was less
stable during the foaling season, when new foals were continuously
being introduced to the herd, with the hierarchy stabilizing after
weaning (Araba and Crowell-Davis, 1994).

While dominant individuals enjoy various privileges, such as
enhanced breeding status, they are always at risk of losing their
dominant position. Game theory models can be used to predict what
will happen when two animals meet during a pairwise contest. The
likelihood of a fight occurring is greatest if the costs of injury are low
relative to the value of the resource and a challenge is most likely
to materialize when the differences in fighting abilities between the
contestants are least (Maynard Smith and Price, 1973). When the risk
of defeat is sufficiently great for the dominant animal, it will be advan-
tageous for it to share the resource (e.g. a reproductive opportunity),
since sharing will increase the profitability to the subordinate of
staying and continuing to cooperate within the group. During repeated
encounters in stable groups, with a consistent and detectable difference
in resource holding power (RHP) between individuals, the same
individual should win each encounter (Pusey and Packer, 1997).
However, there may be additional complexities since the outcome of
the interaction may be based on traits that are uncorrelated with RHP
(e.g. age or seniority). Individuals may even compete for dominance
per se, rather than a particular resource.

Alliances between individuals may affect hierarchies and can have
a destabilizing effect. Thus, if individual X relies on Y to help it defeat
Z, X may lose the encounter if Y is absent (Bygott, 1979). Subordinates
may also be unreliable in their alliances and support whoever looks
most likely to win on a particular day. An alternative to dominance
might be the ‘ownership’ of a resource, such that the first comer ‘wins’
access. This is more likely if contestants are very evenly matched
(e.g. in a group of single-sex, single-age individuals) and the costs of
fighting are high relative to the value of the resource (Maynard Smith
and Price, 1973).

Within a group, cooperation will be the norm, involving repeated
interactions between the same pairs of individuals. Various models,
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such as the ‘Prisoner’s Dilemma’ (Pusey and Packer, 1997), have
explored the evolution of cooperation through some form of reciproc-
ity. There are various ways in which cooperation may arise, such as
short- or long-term mutualism. Group living often involves advantages
that can be sufficiently strong to overcome the short-term advantages
of exploiting each other. An example is cooperative vigilance, and, if
individuals do not cooperate, they may risk losing their companions.
Another strategy is that of ‘producers’ and ‘scroungers’ (Barnard, 1984),
where some individuals work to obtain resources and others gain equal
access. This strategy can be viable if the scroungers gain equal access to
the resource (e.g. food) without paying any extra costs. In this situation,
both individuals may achieve similar pay-offs but in different ways;
thus, some group members may be good at locating food, while others
are good at stealing it once it has been found.

Coerced cooperation is a strategy that may arise in groups with a
definite dominance hierarchy. Differences in rank (or in associated
RHP) may allow some individuals to ‘force’ their companions to behave
cooperatively, e.g. if the dominant ‘punishes’ any subordinate that fails
to conform. Rather than being expelled from the group, it may be
advantageous for the subordinate to cooperate instead of risking further
punishment.

2.4.2 Proactive and reactive individuals

Group members may differ in their ways of coping with the environ-
ment (see Chapter 12). Work by Koolhaas et al. (1997) suggests that the
most fundamental difference between group members is the degree
to which their behaviour is guided by environmental stimuli. They
argue that aggressive individuals develop proactive routines and seem
to anticipate a situation, whereas non-aggressive individuals react to
environmental stimuli all the time. This strategy creates a difference in
the animals’ flexibility and could be the reason aggressive individuals
are more successful under stable colony conditions, while non-
aggressive ones do better in variable environmental conditions such as
migration. Koolhaas et al. showed that aggression can be associated
with flight behaviour, which one would not predict based on classical
motivational theory (Koolhaas et al., 1997). This argument suggests that
an animal’s control of the environment depends on its capacity to cope;
hence an animal with a proactive style of coping might have problems
coping with a social environment that is variable and unstable. Stress
pathology and development of abnormal behaviour patterns such as
stereotypies are likely to be associated with coping style. Koolhaas
et al. point out that the crucial factor might be the threat to control
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rather than the actual loss of control, such as when a dominant male
has difficulties maintaining his dominant position.

It is also helpful to consider why animals may develop various
stress-related symptoms such as abnormal behaviour patterns, which
are clearly manifestations of a failure to cope with the environment
imposed on them. However, by using an arbitrary cut-off point, a
unimodal distribution could be made to appear bimodal (Forkman
et al., 1995). This means we need to take care in how coping behaviours
are recorded to avoid the risk of forcing individuals into bimodal
categories when none exist or where a multimodal approach would be
more appropriate.

2.5 Group Size

Group size is influenced by a variety of factors, including thermo-
regulatory requirements, predation pressure, disease incidence,
competition for various resources, dispersal patterns, seasonal effects,
and so on. In applied ethology, a fundamental question is: what group
size should we keep our animals in for optimal social conditions and
welfare? Unfortunately, this apparently simple question has proved
difficult to answer, not least because it is difficult to ask animals in
an appropriate way. Keeling (1995) discussed what exactly it is we are
trying to optimize and pointed out that ‘under modern husbandry
conditions the word optimum is used to describe the best trade-off
between the welfare cost to the animal and the financial benefits to
the farmer’. For example, in the case of domestic hens the question
has been posed by allowing them to spend time close to particular
individuals (Hughes, 1977; Dawkins, 1982), mixing individuals from
different groups and observing how they space themselves (Lindberg
and Nicol, 1996a) or in the form of a preference test with or without a
period of ‘experiencing’ their choice (Dawkins, 1982; Lindberg and
Nicol, 1996a,b; Table 2.1) (see Section 7.2.3).

The most appropriate group size for a particular situation is deter-
mined by costs and benefits, which combine to influence survival and
reproduction. Optimality models have been used to illustrate factors
affecting group size, e.g. Caraco and Pulliam (1980) studying sparrows
used time budgets of behaviours such as scanning, fighting and feeding,
which are associated with the risk of starvation and predation (Pulliam
and Caraco, 1984). Using this model, they predicted that, as scanning
for predators decreases and fighting increases with increasing group
size, the maximum amount of time could be spent on feeding at
intermediate group sizes where these two costs cancel each other out.
However, this is a simplistic view since many other factors will
also affect group size, such as the dominance status of individuals.
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Table 2.1. This table illustrates how aggressive pecking in small (four individuals)
and large (44 individuals) groups of domestic hens is affected both by group size
and by the level of familiarity of the hens (P < 0.001). In very large groups, reduced
aggression is often observed.

No. of aggressive pecks per hen

Group size Familiarity level per 5 min observation + se
Small (4) Familiar 0.2+0.1
Small (4) Semi-familiar 1.1£0.6
Small (4) Unfamiliar 1.8+£0.5
Large (44) Semi-familiar 0.1+0.1
Large (44) Unfamiliar 0.1+0.1

Data from Lindberg (1994).

Dominant and subordinate animals may have different optimal group
sizes (Lindberg and Nicol, 1996b; Pagel and Dawkins, 1997), hence the
actual group size must necessarily be a compromise. For example,
dominant hens had a stronger preference to enter a large group than did
subordinates, and once in their chosen groups they behaved differently
(Lindberg and Nicol, 1996b). Although we might hypothesize that
subordinate hens should prefer a small group where they might more
easily assess each other’s dominance status and act accordingly, this
does not seem to be the case unless the small group is combined with
sufficient space. Subordinate hens given a choice between a large group
and a small group at the same density, showed a preference for the
larger group, perhaps because it is easier to ‘blend into’ a larger group,
either adopting the non-intervention strategy (Section 2.2) or moving
away from conflicts. Individuals in different groups could therefore
benefit from group living to different extents, but some may be willing
to put up with less pay-off than others so long as they could not do
better by moving elsewhere (Vehrencamp, 1983). Individuals may also
use different strategies for creating social hierarchies depending on
the size of the group. This is illustrated by Pagel and Dawkins (1997),
whose work on models suggests that as the group gets larger it may no
longer pay for the animal to use individual recognition. Instead, there
will be a gradual shift to using ‘badges of status’ (Rowher, 1975; Pagel
and Dawkins, 1997) which can be applied to any conspecific without a
need to pay a cost of establishing individual recognition. This implies
that by following a different type of strategy, group members can
adjust to a different group size. Alternatively, individuals may form
subgroups within the larger flock, within which hierarchies based on
individual recognition may exist (McBride, 1964; Pagel and Dawkins,
1997), although several authors reported weak or no evidence for
this in domestic fowl (Hughes et al., 1974; Appleby et al., 1985, 1989;
Preston and Murphy, 1989; Widowski and Duncan, 1995).
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An important point was made by Sibly (1983): groups of optimal
size may be very rare in the wild because, if there was a group of this
size, it would pay any solitary individuals to join the group and there-
fore push it above optimal size. This means that optimal group sizes
may be unstable. Hence, in nature we might instead find stable groups
which will often be larger than the optimum (Pulliam and Caraco,
1984). The elusiveness of preferred group size (Dawkins, 1982) might
be explained by the diversity of factors that play a part in optimality
determination. Thus, very rarely will the ‘optimum’ be the same for all
individuals in a flock at all times. This means that, when deciding what
group sizes to keep domestic animals in, we need to consider how the
group is to function at a practical level: the stability of group member-
ship, density and physical environment may be more important than
the size of the group per se.
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(Editors’ comments: A unique social relationship in the animal kingdom
is that between parent and offspring. Even though the preceding chapter
has discussed relationships between individuals in a group, this special
relationship needs to be addressed in a chapter of its own. There are
several reasons for this. The first is the great variety of types of parent—
offspring relationships that are found in even our most commonly
occurring farm animals. Mammals suckle their young, but vary in how
they do this depending on the number of young and how well developed
the young are when they are born. Birds help their chicks find food and
may brood them when they require warmth, but to a large extent chicks
must fend for themselves. Fish are at the extreme of this continuum and
in the majority of species there is no parental care whatsoever.

Despite this variation, the dominant farm animal species are
mammals and this means that at some point in the development of the
young, it has to be weaned from its mother’s milk. How this weaning
is done in commercial practice varies, and is explained more in the
species-specific chapters, but the principles underlying it are common to
parents and offspring of all species, not just mammals, and are covered
in the concept of parent-offspring conflict. This is addressed, very much
as in the first chapter, from an evolutionary perspective. The situation
where the offspring try to get greater investment from the parent than the
parent is willing to give leads to a discussion on the reliability of signals
from the offspring.)
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3.1 Introduction

This book is on social behaviour, but many animals are thought of as
profoundly non-social. A wide range of species live a life more or less
on their own, fiercely driving away any intruders from the private
territories. Among mammals, we need only think of, for example, mink
or hamsters.

However, no matter how non-social an animal appears to be, there
are at least two periods in any life history that require extensive social
interaction with conspecifics: mating and parental care. For example,
the normally solitary female mink spends some 10 weeks every year in
daily, intense interactions with its young (Dunstone, 1993), and these
interactions contain the same elements as any other social interactions:
recognition, cooperation, competition, signalling and so forth. Further-
more, rarely are the fitness costs and benefits of different social
behaviour patterns as obvious as in the case of parental behaviour.
Young are often helpless and vulnerable to starvation, predation and
cold and their survival and fitness rely to a large extent on the ability of
the parents to rightly assess their needs and adjust the behaviour
accordingly. At the same time, offspring are in fact the fitness units of
the parents. If the parent succeeds in its interactions, the offspring will
have a higher survival probability and hence the fitness of the parent
increases. In case of failure to interact properly, fitness may decrease
considerably due to loss of young. So, when observing a given social
behaviour between a parent and its offspring we may be more likely
to make a correct interpretation of the fitness implications of that
behaviour than in many other situations of social interactions between
conspecifics.

Given this background, it is surprising that parental behaviour is
often overlooked in textbooks on social behaviour. It is true that it does
have some unique properties, but, generally, parental behaviour is
nothing but one special case of social interaction. It is one of the social
behaviours that no species with developed offspring care can fail to
express.

This chapter will provide an overview of the social aspects of
parental behaviour with a clear emphasis on birds and mammals. It
will attempt to highlight the ecological and evolutionary backgrounds
to, and the functions of, different types of parental behaviour.

3.2 Parent-Offspring Conflict

Trivers (1974) was the first to suggest that the evolutionary interests
of parents and their young were not the same, an idea which has
been termed parent—offspring conflict. In short it means that offspring
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benefit in an evolutionary sense from a higher level of parental care
than what is optimal for the parents, since parents have to allocate
resources to all offspring, both present and future. The theory has been
elaborated and analysed in several mathematical models and been
found to be consistent and logical, and the predictions of the theory
have been found to hold in a variety of species (Macnair and Parker,
1978, 1979; Lazarus and Inglis, 1986; Godfray, 1995a). Since the
parent—offspring conflict theory provides a theoretical framework
within which it is possible to understand communication and inter-
action, it is necessary to understand some of the details of this theory.

The reason why parents and offspring have different optima for
how many resources should be allocated to the young is to be sought in
the genetic relatedness between the individuals. As realized by Trivers,
in an outbred population of animals, the coefficient of relatedness (r)
between a parent and all its offspring is on average 0.5, the same as
between any two full siblings. This means that any cost to a parent is
only half as big to the offspring (the terms cost and benefit in this
chapter refer to fitness costs unless stated otherwise, although this is
sometimes indirectly assessed through energy costs). At any given
time, the offspring are thus expected to gain in fitness by achieving
more care than the parent is willing to give.

A wide array of social interactions between parents and their young
can be interpreted within the context of parent—offspring conflict
theory, which thus provides a general theoretical framework for this
complex of behaviour. In the continuation of this chapter, I will more
closely describe some different aspects of parental behaviour and
wherever appropriate, I will use parent—offspring conflict theory as a
theoretical framework for interpretation.

3.3 Varieties of Parental Behaviour

The forms and means of parental care are as varied as nature itself.
Some species, such as salmon (Petersson et al., 1996), lay millions of
eggs but provide absolutely no parental care after the young have
hatched. Others, such as elephants, give birth only to a single young,
which is cared for extensively for many years (Lee, 1987). Many birds,
such as great tits and starlings, and all mammals actively feed the
young with food that has been caught, prepared or produced, whereas
others, for example, pheasants, hens and ducks, do not feed the young
at all, but interact with them in order to attract them to food sources
and stimulate them to obtain food on their own. Within this diversity of
nature, parental behaviour still can be explained by some rather basic
evolutionary principles, for example parent—offspring conflict theory,
which allow us to interpret the variations in a functional context.
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Among birds and mammals, newborn offspring in general belong to
one of two different groups: altricial and precocial. Altricial species
hatch or are born early in development, and are therefore usually
unable to walk or locomote, and they may have undeveloped sensory
systems and be blind and deaf. Their capacity for social behaviour is
therefore strongly limited in early life and only when they themselves
can start to react to signals from the parent can we speak about true
interaction. In contrast, precocial young are born or hatched late in
development, and are usually capable of locomotion quite early. They
may seek and ingest food with little help from the parents and actively

Fig. 3.1. Four examples of species with different reproductive strategies with
respect to litter size and developmental stage of the young. (a) Cattle, as most
ungulates, are oligotocous with precocial young; (b) pigs are untypical ungulates,
being polytocous with precocial young; (c) primates, such as humans, are
oligotocous with altricial young; (d) cats and other carnivores are polytocous
with altricial young.
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initiate social interactions shortly after birth. The early social inter-
actions between parents and offspring are therefore strongly dependent
on what category the species belong to.

Among mammals, it appears that there is a plausible evolutionary
reason for whether offspring are altricial or precocial. Altricial young
are typical among carnivores, which might be expected to be hampered
in their hunting behaviour if the pregnant mother has to carry its young
for a long period. In contrast, typical prey animals such as ungulates are
usually precocial, and it appears that there are functional advantages of
having newborn young that are fully capable of following the mother
soon after birth and having an active and developed anti-predator
response. However, this cannot be the only factor of importance, since
altricial young are also common among, for example, rodents and
primates, which are largely prey animals. A general rule of thumb for
mammals seems to be that species with one or few young (oligotocous)
generally are precocial and species with larger litters (polytocous)
are altricial. There are some noteworthy exceptions to this rule. Pigs
and some rodents belonging to Caviomorpha (e.g. guinea-pigs) are
polytocous but have extremely precocial young. Primates are usually
oligotocous, but the young are best described as altricial. So, whereas
the developmental state of the newborn young is likely to reflect
an evolutionary adaptation, the selective factors of importance vary,
probably in a complex manner.

3.4 Early Parental Care

Parental expenditure starts already before conception, by production
of gametes. Some eggs are large and rich in nutrients, and take a
considerable expenditure on the part of the mother (Clutton-Brock,
1991). Obviously, parents provide care for the fertilized ovum and for
the fetus, and from the parental perspective, pre-birth provisioning
may make up a large part of the total investment in offspring. Whereas
this is mostly dealt with by means of physiological processes, it
may also include some behaviour. For example, most birds and many
mammals construct elaborate nests and this activity takes time and
energy. A pig nest takes up to about 10 h to construct, and demands a
large effort on the part of the sow (Jensen, 1989, 1993). Foxes dig dens
for their young, which may be enlarged and improved from year to
year, and may represent an impressive cumulative effort (Malm,
1995a). In addition, many mothers spend considerable energy in
searching for suitable birth or nest sites and in seeking isolation from
other members of the herd. Pigs in a semi-natural enclosure, for
example, may walk distances of 5-10 km before selecting a site
which is sufficiently protected and isolated (Jensen, 1988, 1989).
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Impressive and interesting as such behaviour may be, these aspects
of parental expenditure contain little of social interaction. Parental
behaviour becomes a social behaviour only when the young are
hatched or born and start responding to signals and emit signals (but
many birds, for example domestic hens, communicate vocally with
the young while they are still in the eggs). Even in the most altricial
species, some exchange of information between parents and offspring
is evident very early. For example, young of many rodents emit
ultrasound vocalizations to communicate during the first days of
life (Noirot, 1972). Of course, in precocial species, a rich variety of
communication occurs immediately after birth. In mammals, most of it
seems to be concerned with the need to quickly form a strong bond
between mother and offspring, and a lot goes through the chemical
senses, taste and smell, mediated via the licking of the newborn
(Baldwin and Shillito, 1974; Townsend and Bailey, 1975; Alexander
et al., 1986).

Licking is usually conceived of as a means for the mother to clean
and dry the young and to establish a quick, imprinting-like, exclusive
bonding to the offspring (Klopfer et al., 1964; Lickliter, 1984). However,
it also transfers important nutrients and hormones from fetal fluids and
membranes to the mother (Gubernick and Alberts, 1983).

A few mammals do not lick the neonates. Pigs give birth to young
which are left completely on their own in order to free themselves of
the umbilical cord and the fetal membranes, and are never licked by the
mother (Signoret et al., 1975; Fraser, 1984). The same appears to be the
case with camelids (Vila, 1992). It is not known whether the behaviour
has never developed in these animals, or whether it has been dropped
during evolutionary history (wild boars, the ancestors of domestic pigs,
do not lick the young either; Gundlach, 1968).

3.5 Mother-Offspring Bonds

The quick forming of stable bonds between mother and offspring is
essential. With respect to the early social response of the precocial
ungulate neonates, the species form two different groups, which have
been named hiders and followers (Lent, 1974). The hider species are
those where the young remain at or near the birth site for some
time after parturition, usually many days, while the mother may be
away for long time periods. Followers are those with offspring which
immediately start moving around with the mother and are seldom
or never away from her. The young of hiders can afford to have a low
degree of social responsiveness, since the mothers actively seek them
out at feeding times, whereas followers must be fully sensitive and
interactive from birth.
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At first glance it may seem that followers would have a greater need
for establishing a strong social bond, but the same actually goes for
hiders. Unless the mother forms a strong bond to the newborn, the
motivation to leave the grazing areas and return to the hide may be
weak. Also, as most mammals give birth in a relatively synchronized
manner, there will usually be a number of different young hiding
around the feeding areas of the adults, and it is necessary for the mother
to be able to distinguish her own young with certainty (Green and
Rothstein, 1993).

Hiders and followers are often thought of as distinct categories of
ungulates. However, there may be a considerable flexibility in the
response pattern of the young within a species. For example, cattle are
usually conceived of as a hider species, but studies of cattle under
semi-natural conditions have shown that calf behaviour may range
from a typical hider strategy to a follower strategy, depending on
ecological factors (Lidfors and Jensen, 1988; Lidfors et al., 1994a). It is
not clear to what extent the behaviour of the mothers affect the
behaviour of the calves in this context, but it seems likely that signals
from the dam may modify offspring behaviour (see Section 5.1.4). It has
been observed in pigs, a profound hider species, where piglets usually
remain in the nest for about a week post-partum, that by emitting vocal
signals the sow can attract the piglets and make them move to another
nest site if the conditions (for example climatic) are unfavourable in
the first one (P. Jensen, unpublished observations). This indicates that
the mother may affect whether the young remain in hiding or not (see
Section 6.1.6).

Mechanisms of the formation of maternal bonds have been the
focus of much research. In mammals, the process involves mainly the
chemical senses, and only later hearing and vision are used in mutual
recognition (Klopfer et al., 1964; Horrell and Eaton, 1984; Lickliter,
1984; Hepper, 1987; Romeyer, 1993). In birds, the imprinting phenome-
non is well known, and it involves mainly vision and hearing (Bateson,
1965; Immelman, 1972; Gallagher, 1977). Sometimes imprinting is
treated as a special phenomenon in ethology texts. However, it has few
unique features, and can very well serve as a model for learning in
general, and social recognition in particular (Johnson et al., 1992). For
example, imprinting seems to depend on predispositions. Animals will
not imprint equally well on any arbitrary visual stimulus, but rather
have some very specific set-ups of preconceptions about what consti-
tutes meaningful stimuli for social recognition. Chickens, for example,
seem to have an innate crude picture of an archetypical hen head,
which strongly enhances rapid imprinting of the mother’s appearance
(Johnson et al., 1992). Other important aspects of imprinting, which
have implications for the social relationships between mothers
and offspring, are the stable character of the learned recognition
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(‘irreversibility’) and the fact that it can usually only take place during
a limited ontogenetic phase (‘sensitive period’). This means that
maternal bonds (which involve social recognition) can be created only
at a certain developmental time and that the recognition and associated
bonds remain for a long time, sometimes into adulthood (Hepper,
1994).

3.6 Types of Food Provisioning

Although some animals use considerable energy and take great risks
in defending nestlings and young (Carl and Robbins, 1988; Hogstad,
1993), food provisioning clearly stands out as the largest part of
parental expenditure. Consequently, it is probably the resource causing
most communication and conflicts between parents and offspring.

Many birds actively feed their young. Often, as in most insectivo-
rous and carnivorous birds, the food is caught by the parent and
brought to the young, where it is either fed actively by placing it
directly into the beak or the throat of the nestling or (in the case of
larger prey) is torn in pieces by the parent and offered to the young
(Bustamante, 1994; Hamer and Hill, 1994).

A seemingly more energy-demanding provisioning is performed by
many birds that transport food a long distance, often from sea or lakes,
and where the food is provided to the young in a pre-digested form.
Here the parents eat the food, e.g. fish, and store it in the stomach,
where it is sometimes partly processed by digestive hormones. As the
parent comes to the nest, the nestlings signal their urge for food and the
parent regurgitates it directly into the beaks of the young. The well-
known pecking of young gulls towards the red spot on the beak of the
parent is part of the signalling from the offspring in this connection
(Tinbergen and Perdeck, 1950).

An even more demanding feeding method among birds is found
among doves, where both parents use the food they have ingested to
produce a substance rich in nutrients, called crop milk, which in turn
can be regurgitated to the young (Lehrman, 1964).

Among mammals, feeding of young has taken one further step.
As in doves, the food ingested by the mother is processed to provide
energy and nutrients for herself, but also for producing a special,
nutritious and homogeneous food for the young, the milk. However, in
contrast with the doves, all placental mammals produce and provide
the milk in specially adapted organs, consisting of mammary tissue,
alveoli, milk ducts, milk cisternae and teats. The actual transfer of
the milk to the young is done during discrete sucklings. In order to
achieve a suckling, the mother and the offspring need to communicate
extensively. They need to maintain proximity before the suckling and
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they need to coordinate their behaviour to make the mother stand or lie
in the right position for the young to get full access to the teats. At the
same time, the mother needs to ascertain that she is providing for
her own young, so identity signalling is common. The occurrence of
intense communication is also reflected in the fact that, in many
species, actual milk flow constitutes a very small part of the total suck-
ling time: for example, in pigs only about 20 s out of about 3—10 min
of interactions at every suckling (Fraser, 1980), and in cattle about
1—2 min out of 10—15 min of interaction (Lidfors et al., 1994a). The rest
of the time is used mainly for communication.

3.7 Communication During Suckling

The communication in connection with suckling can take various
forms. In species with one or a few offspring, it is sometimes sufficient
with a brief nose contact before actual suckling starts in order to
establish the individual identity, followed by the mother and the young
assuming the suckling position. This is what happens in sheep and,
while in the reverse parallel suckling position, the ewe sniffs the
anogenital region and the lamb wags its tail intensely, presumably to
spread pheromones more efficiently to the mother (Ewbank, 1967;
Festa-Bianchet, 1988). In this species, the milk ejection happens fast
and the suckling is rapid, whereas, for example in cattle, the actual
suckling bout lasts for some time and includes additional communica-
tion. Before milk ejection, there is about 1 min of sucking and butting
and, after the milk ejection, there is a period of several minutes of
continued sucking from different teats and some butting (Lidfors et al.,
1994a). According to Lidfors et al. (1994a), the sucking after actual
milk ejection may partly be a way for the calf to stimulate further milk
production, and thereby communicate its nutritive needs to the dam.
The most complex interaction pattern described in connection with
suckling is the one found in pigs (Fraser, 1980). During a suckling, the
sow emits regular deep grunts at a rate of about one grunt every 2 s in
the period preceding milk ejection. About 20 s before milk ejection, the
grunt rate suddenly increases to a peak of about two grunts per second,
and then wanes. It has puzzled some researchers that the grunt
peak occurs some time before the milk ejection, since one could expect
that the sow would communicate precisely this ejection to the piglets.
However, it has been found that the grunt peak coincides with the
release of oxytocin (the hormone which triggers the milk ejection) from
the pituitary into the bloodstream (Ellendorff et al., 1982; Castrén et al.,
1989). It therefore appears that the sow actually communicates the
hormone release, not the milk ejection. The time from hormone release
until milk is ejected is quite constant and depends only on the speed
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the substance moves with the blood to the mammary tissue. Once it
reaches its target, the reaction is a stereotyped all-or-nothing reaction,
where the smooth muscles of the milk alveoli contract for a fixed
period of time (about 20 s). This means that once the hormone is
released, there is no way for the piglets to alter the outcome until the
actual milk ejection is over.

Information concerning the oxytocin release is essential for the pig-
lets, because they spend a substantial amount of energy in massaging
the teats by rubbing the noses against the udder while they await the
milk ejection. They have to do this for about 1 min in order to trigger
the oxytocin release, and it is necessary that this is a concerted action
on the part of the litter, otherwise no milk will be ejected. It has been
suggested that the grunt pattern is a way for the sow to make sure that
the milk is allocated to all piglets in the litter and a method to prevent
some individuals in the litter from obtaining a disproportionately large
part of the milk (Algers, 1993). Whereas this is probably one part of the
truth, piglets get very uneven rations anyhow. The milk output from
different teats along the udder of any individual sow may differ
by 200% or more (Algers, 1993), and, since piglets have an almost
exclusive teat order (Fraser, 1980), it means that different piglets in the
litter get quite different amounts. The consequence of this system is
that no piglet can obtain milk on its own, whereas the sow still has the
possibility of varying investment in different young within the same
litter, perhaps in accordance with their specific needs.

It may seem obvious that the sow gruntings serve to communicate
with the piglets (and not with, for example, other sows in the vicinity),
but what is the actual evidence? This was examined in a study where
the grunts were masked by playing back loud ventilator fan noise at a
level which overshadowed most of the grunts of the sow (Algers and
Jensen, 1985). Piglets exposed to this situation lost the within-litter
coordination and massaged less during the period before milk ejection,
and they also tended to obtain less milk (Algers and Jensen, 1991),
which strongly indicates that the grunting has a communication
function.

However, the interactions do not stop once the milk is consumed
after the approximately 20 s milk ejection. Directly following this, the
piglets resume massaging and may continue for several minutes. This
so-called post-massage has been the target of some discussion and
research, since it is unclear which function it fills. One early suggestion
was that the piglets used this behaviour to scent mark their own teats
by rubbing facial glands against the udder (McBride, 1963), and indeed
piglets have greater problems in locating their own teats if the udder is
washed with a detergent between sucklings (Jeppesen, 1982). However,
such scent marking may occur at any time during a suckling (presum-
ably already during the first massage movements before milk ejection),
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and the question still remains why the piglets are so persistent after
the milk has been consumed. The most likely explanation seems to be
that piglets, by the intensity and duration of their massage activities,
actually communicate to the sow their degree of satiation in relation to
their needs and affect the future milk production of their own teat. In
one experiment, piglets deprived of food massaged more intensely after
milk ejection for several sucklings after the deprivation ended, and the
sow reacted by increasing the milk output in teats which received more
massage (Jensen et al., 1998). This communication on the part of the
piglets seems to affect milk production in both the shorter (over the
next few sucklings) and longer term (over several days) (Spinka and
Algers, 1995).

3.8 Regurgitation

Even though lactation is the main way for mammals to supply food to
their young, other ways do exist. Among carnivores, many species
show regurgitation similar to the behaviour seen in some birds
(described earlier). For example in wolves and dogs, this behaviour is
typically seen when the young have passed the neonatal period (about
3—4 weeks of age of the pups), but well before the weaning (Malm,
1995b).

Again, this behaviour requires intense social interaction (Malm and
Jensen, 1992). When the adult returns from a foraging trip, the pups
will gather around it, whine and lick and butt the adult in the corner of
the mouth. This behaviour causes the adult to regurgitate the stomach
contents, consisting of food which has been partly digested by stomach
hormones and juices, and the pups can ingest it. This behaviour can be
performed not only by the mother, but also by the father, and other
adult members of the pack as well. In any case, it depends on the
performance of mouth-licking by the pups, and the fact that many dog
breeds today do not perform regurgitation may possibly be attributed
to an indirect effect, caused by a decrease of mouth-licking during
selection (Malm, 1995b).

3.9 Begging

In the previous section, we have seen a number of examples where
offspring seemingly have to use quite demanding signals in order
to obtain resources from their parents. Why has evolution shaped
behaviour that apparently leads to the young spending a lot of energy
on obtaining food from the parents?
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This question relates closely to the parent—offspring conflict the-
ory, and has been approached in a series of theoretical and empirical
research papers on the evolution of begging in young. Begging is of
course only a special case of signalling, and a lot that has been revealed
about the evolution of begging signals applies to any signal among
animals. Begging can simply be defined as a signal emitted by young
animals in order to increase the provisioning behaviour of adults
(usually parents, but not always). Since parents have an evolutionary
interest to restrict the feeding of any young (to save resources for other,
equally valuable offspring), while offspring have the evolutionary
interest of obtaining more from the parent than what is optimal from
the parent’s perspective, a parent would gain fitness from being able to
detect whether a signal reflects the actual need of the young. The evolu-
tionary interest of the young is to emit a signal which causes the parent
to provide resources at a level which corresponds with its particular
optimum. This situation has evoked the question of whether begging
signals are honest. In this context, an honest signal can be defined as a
signal which reliably reflects an underlying state of the sender.

So, is begging honest? The problem for the parent is that it cannot
directly assess the need of an offspring, and so has to rely on the signals
it emits. Those young in worse condition will derive a relatively higher
fitness gain from parental resources. The crux of the game is therefore
to make sure that only those young that are really in need beg strongly,
which requires that the begging carries a fitness cost. If a begging signal
carried with it no costs to the emitter, the field would be open for
cheating to evolve.

There has been considerable theoretical effort to examine under
what conditions honest begging might have evolved. In general,
evolutionary models suggest three predictions which would all be
found in a system of honest begging (Harper, 1986; Godfray, 1995):

1. The intensity and duration of a signal should be closely correlated
to a measurable need in the offspring. For example, the intensity of
food begging should be correlated to time since last food intake.

2. Accordingly, the parent should reply to increased intensity by
increased care, for example by increasing food supply to young that beg
more intensely.

3. The signal should have a fitness cost to the emitter. In particular,
the cost should increase with increasing intensity of signal emission.

In general, there is plenty of evidence that begging signals increase in
intensity when offspring become more hungry. In birds, several experi-
ments have manipulated time since last feeding and subsequently
found that nestlings adjust their begging effort in direct relation to their
needs (Stamps et al., 1989; Redondo and Castro, 1992; Christe et al.,
1996; Leonard and Horn, 1996). In mammals few examples have been
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investigated. In one experiment, piglets responded as expected with an
increase in post milk ejection massage (a likely example of begging, as
described earlier) when milk provision was reduced, but did not
reduce their massage as expected when milk provision was increased
(Jensen et al., 1998).

Concerning the second prediction, in general parents seem to
respond as expected by theory by increasing provisioning when
begging increases, in birds (Stamps et al., 1989; Price and Ydenberg,
1995; Christe et al., 1996; Leonard and Horn, 1996; Ottosson et al.,
1997) and in pigs (Jensen et al., 1998). It has been suggested that post
milk ejection butting and sucking in cattle serves the same function,
but this has so far not been experimentally investigated (Lidfors et al.,
1994b).

When it comes to the last (and maybe most critical) prediction of
the theory, that begging has to be costly, the evidence is less clear. Even
if begging of bird nestlings seems to be quite demanding to the young,
energetic measurements have failed to demonstrate any substantial cost
in terms of energy expenditure (McCarty, 1996, 1997). In pigs, meta-
bolic expenditure increases several times during massage compared
with basal metabolism, but on a diurnal time scale, massaging is
responsible for a quite small proportion of the total energy expenditure
of piglets, and this probably reflects the situation in most mammals
(Spinka and Algers, 1995).

However, even if energy is not important, it appears that begging
may carry other costs. In birds, an increased predation risk has been
demonstrated as a consequence of begging calls being emitted by
nestlings (Ryan, 1988). For newborn piglets, the most dangerous part of
the world is the mother, and sometimes up to about one in three piglets
is killed by crushing when the sow rolls over or when she lies down
and the piglets get caught under her (Fraser et al., 1995). It appears that
increased begging in the form of udder massaging increases the risk
of being killed in this way, and such increased risk is of course a
substantial cost to the piglet (Weary et al., 1996). So, weighing together
all the evidence, it appears that much offspring begging constitutes
good examples of honest signalling systems.

Young animals may solicit other forms of parental care than
feeding. For example, young American white pelicans perform specific
begging behaviour (shivering, vocalizing) when they are in need of
warmth, which is provided by the mother by covering the young with
her wings. This behaviour follows all the predictions of honest begging
theory (Evans, 1994). Correspondingly, piglets call more intensely and
loudly when they are hungry, but also when they are cold and need the
warmth of the mother for maintaining body temperature (Weary et al.,
1996). Furthermore, piglets in pain call more intensely than others,
presumably to solicit maternal protection (Weary and Fraser, 1996).
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The fact that offspring signalling is a reliable and honest reflection
of the state and needs of the signaller has led some researchers to
suggest that such signalling may be a good indicator of animal welfare
(Weary and Fraser, 1995, 1996). It has also been used to determine, for
example, the responses of piglets to weaning at different ages (Weary
and Fraser, 1997).

3.10 Factors Affecting Parental Care

The amount of care that a parent provides for its offspring depends
on a number of different factors. As a general rule, the parent seeks to
optimize its investment, in line with the parent—offspring conflict
theory. This leads to a huge amount of possible factors that may affect
levels of parental care, and an exhaustive treatment of all those is
beyond the scope of this chapter. Rather, I will consider a selection of
different factors as examples, and describe how evolution may have
shaped parents to respond to these.

The first factor to be considered is the size of the litter or the
brood. In general we would expect that, when comparing parents of the
same species, parental effort should increase with increased number
of offspring, and this also seems to be the case (Clutton-Brock, 1991).
However, the relationship is usually not linear, so, in larger litters, each
young receives less care. This is well known in animal production,
where piglets in large litters have a lower average growth than in small
litters (Donald, 1937; Fraser et al., 1995). In house mice, mothers
produce more milk and higher quality milk when litters are larger, but
each young receives a smaller amount and therefore grows more slowly
(Konig et al., 1988). The reason for this non-linear relationship is the
fact that parental care is a limited resource, and a linear increase of care
would seriously decrease the possibility for the parents to care for
future offspring.

Another factor which might affect the way parents behave towards
their young is offspring age. From an evolutionary perspective, it is not
self-evident what relationship we would expect. In one sense, young
animals need greater care since they are more vulnerable. This may
lead us to assume that parental care would decrease with offspring age;
however, older young represent a higher value to the parents (more has
been invested in them and their reproductive prognosis is better),
which would give the prediction that care would increase with age
(Clutton-Brock, 1991). It appears that parental care is often the result of
a complicated weighing of both these factors: offspring need and value.
In most mammals, suckling frequency decreases rather linearly with
the age of the offspring (Reiter et al., 1978; Berger, 1979; Gauthier
and Barrette, 1985; Konig and Markl, 1987; Lawson and Renouf, 1987;
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Jensen and Stangel, 1992; Packard et al., 1992; K6nig, 1993; Malm and
Jensen, 1996). However, milk production often shows a curvilinear
relationship to offspring age, increasing to a peak less than halfway
through lactation and then decreasing again (Arman et al., 1974; Days
et al., 1987; Doreau, 1994; Malm and Jensen, 1996).

Also the age of the parent appears to be important. In general,
younger parents seem to have a higher residual fitness cost for
reproduction and a poorer probability of raising young successfully,
and tend to show less parental care (Clutton-Brock, 1991). Hence,
parental care is likely to increase with parent age, and a particular
prediction following this is the theory of terminal investment: where an
animal has a reduced probability of surviving one more reproductive
cycle, selection should favour animals increasing their parental efforts
correspondingly (Clutton-Brock, 1991). In the extreme case, where the
parent’s probability of survival beyond the present offspring is nil, it
should devote all available resources to the young it is caring for at the
moment.

The amount of parental care is also affected by whether other adults
help in caring for the young or not. In birds where both parents care for
the young, the parental effort of each parent is reduced in relation to
when one parent is alone (Clutton-Brock, 1991). In mammals, care by
others than the mother is also not uncommon; in fact alloparental care
(including non-offspring nursing, adoption and other forms of care for
non-offspring) has been reported in well over 100 species (Riedman,
1982; Packer et al., 1992).

The last factor affecting parental care to be covered here is the sex
of the offspring. The potential future reproductive success of a given
young may often depend on its sex. For example, due to competition,
some males may often be fathers of a disproportionately large number
of young, whereas the variation in reproductive success may be smaller
among females. In species where reproductive variation is larger in one
sex, and where this variation is due to size and strength of the members
of that sex, parents would be expected to invest more in offspring
of the sex with higher reproductive variation (Willson and Pianka,
1963). This is a way to increase the chance that any investment will
subsequently pay off in the form of more grandchildren. There is some
experimental evidence that this happens in many mammalian species
(Clutton-Brock, 1991).

3.11 The Transition to Offspring Independence

Social bonds between parents and offspring may last for long times,
sometimes throughout life. For example, in mammals groups are often
made up of closely related females. Such groups are usually formed by
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female offspring remaining with the mother, a phenomenon often
referred to as natal philopatry (Greenwood, 1980). In some species,
mainly primates, young have also been reported to ‘inherit’ their social
position in the group from their mothers (Bernstein, 1981).

Even when social relations last for a long time, with respect to
parental care, the weaning represents a distinct breaking point. In cer-
tain species, this is literally true: for example, in some seals, mothers
nurse the young while these are still confined to a mostly terrestrial life
at the seashore, and then suddenly one day simply abandon the pups
and leave them for good (Reiter et al., 1978; Lawson and Renouf, 1987).
More commonly, the weaning is a prolonged process, where it is often
difficult to determine exactly when milk transfer definitely ceases.

Weaning is often referred to as the process leading up to the termi-
nation of lactation, and hence does not refer to a specific point in time
(Counsilman and Lim, 1985). Since not only milk transfer but other
parental care also decreases gradually during this process, it has been
suggested that weaning should be defined as the period where the drop
in parental investment per time unit is largest (Martin, 1984). With this
definition, weaning is not a process unique to mammals, but also birds
reducing feeding rates and general care would be said to wean the
young. Therefore, even if the rest of this section will be concerned with
mammals, it is likely that the general principles which are described
are applicable also to other groups of animals showing parental care.

Since lactation represents such a heavy part of parental care in
mammals, and since we know that there is an evolutionary conflict
between parents and offspring over the allocation of this care, one
might expect the young to make considerable efforts to obtain more
than the parent is prepared to provide. Weaning might therefore be
expected to be a process signified by overt conflicts, such as intense
begging efforts from the young and aggressive rejection from the
mother. Indeed, when the theory of parent—offspring conflict was first
presented, Trivers suggested looking at weaning in order to find the
overt signs of this conflict (Trivers, 1974). However, usually very little
conflict behaviour is obvious in this period. Weaning has been studied
under more or less natural conditions in a range of species, and mostly
the findings are similar: there is a gradual and slow decline in maternal
care and suckling, but rarely do mothers forcefully reject their young or
show aggressive behaviour towards them; for example this has been
reported for bighorn sheep (Berger, 1979), wolves (Packard et al., 1992),
horses (Duncan, 1979), deer (Gauthier and Barrette, 1985), bison (Green
et al., 1989), house mice (Konig and Markl, 1987), dogs (Malm and
Jensen, 1996) and pigs (Jensen and Recén, 1989).

So, if the mother does not forcefully reject her young, how then
is weaning brought about? A common observation in all the species
mentioned before is that the mother usually initiates fewer sucklings



Parental Behaviour 75

and terminates more, as lactation goes on. In addition, mothers are
often observed to make suckling more tedious to the young, in the sense
that they have to work harder for the milk. This is accompanied by a
general decrease in milk production and in milk quality, so that the
pay-off to the young in the form of the milk they manage to obtain
becomes smaller. For example, in both pigs and dogs, it has been
demonstrated that the mothers always nurse in a lying position early in
the lactation, but use a standing position to a higher and higher extent
as weaning proceeds; presumably, milk ingestion is more difficult
when the mother is standing (Jensen and Recén, 1989; Malm and
Jensen, 1996). Mothers also tend to keep a longer distance between
themselves and the young during weaning, which forces the young to
use time and energy to maintain contact with the mother (Jensen,
1995).

Findings such as these led to the suggestion that weaning is
controlled by the mother only to the extent that she affects the energetic
costs and benefits which the young obtain from continued sucking
(Jensen and Recén, 1989). Young animals can be assumed, just like any
animal, to obtain food in an energy-optimal manner by choosing a
strategy that maximizes net intake, i.e. to follow the general rules of
optimal foraging (Charnov, 1976). In nursing animals, at least three
possible strategies could be distinguished: (i) to obtain all nutrients
by suckling only; (ii) to combine suckling with solid food intake; and
(iii) to refrain from suckling and only feed on solid food. As nutritional
requirements of the young increase, it will change from the first to the
second strategy. From that point, it will be expected to continuously
weigh the energy benefits from continued sucklings against the energy
costs. When the marginal benefit of continued suckling compared with
feeding only solids is below zero, the young will wean itself.

As suggested by Jensen and Recén (1989), the behaviour of the
mother may act so as to affect this decision of the young. By continu-
ously increasing the costs of suckling and decreasing the benefit (less
milk production, less nutrient-rich milk), the young will at some point
cease suckling simply because it does not pay off any more. This would
make weaning a flexible and dynamic process and open the possibility
for a mother to wean different offspring at different ages, depending on
their needs and the ecological conditions.

There are some examples which lend support to this hypothesis. In
bighorn sheep, weaning time and weaning abruptness are affected by
the availability of alternative food for the young (Berger, 1979). In
free-ranging pigs, weaning occurs later during winter when it is harder
for the young to find solid food (Jensen and Recén, 1989). Furthermore,
in pigs, the pre-massage time, i.e. the time needed to perform massage
in order to release a milk ejection (representing an energy cost of
obtaining milk), increases during lactation. As already mentioned, a



76 P. Jensen

higher proportion of nursings are performed when the sow is standing,
which also may be considered a more energy-costly way for the young
to obtain the milk (Jensen and Recén, 1989).

In dogs and other canids, the earlier described regurgitation
behaviour may also be interpreted in this framework: not only is it a
less energy-demanding feeding method for the mother compared with
using the food for milk production, it may also be a more favourable
alternative for the pups, thereby facilitating a smooth weaning (Malm
and Jensen, 1992). In favour of this suggestion is the observation that
weaning may be more associated with aggressive behaviour from the
mother in dog breeds where regurgitation for some reason is absent
(Malm, 1995b).

The weaning examples above demonstrate that communication and
social interaction between parents and offspring may be subtle and
unobvious. However, signalling is often defined as the behaviour of
one animal affecting the behaviour and/or the strategies of another,
and, according to this definition, weaning is a typical case of social
signalling, even if the signals may be well hidden in the form of
physiological processes.

A lesson from parental behaviour to all students of social behaviour
could therefore be to broaden the general idea of what constitutes a
signal and an interaction, and to look for the hidden methods which
animals may use to affect and even manipulate each other’s behaviour.
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(Editors’ comments: Major climatic and ecological changes at the end
of the last ice age, around 30,000 years ago, led animals and humans
into closer contact and to the eventual domestication of certain species.
Initially, this social contact would have been symbiotic, with both parties
benefiting from the association. Later, humans selected animals for ease
of handling and this inadvertently influenced their social behaviour,
favouring individuals that stayed together in a herd and tolerated the
close proximity of humans. The development and widespread use of
semen collection and artificial insemination made it possible to exert
even greater selection pressure and dramatically influence production
traits, and this only came into effect in the last 50 years.

In this chapter, Stricklin presents evidence that social behaviour
is an evolutionary adaptation and that it has played a major role in
domestication. He does this by first discussing domestication in general,
emphasizing that domestication led to increased genetic fitness of the
animals. He then speculates on how this combination of evolutionary
and molecular genetic approaches could lead to improved productivity
and welfare of farm animals. He concludes with a statement that selec-
tion for production traits, independent of concern for behavioural traits,
has resulted in animals that are no longer adapted to domestication and
even raises the question whether we have genetically altered animals to
the degree that they are ‘beyond domestication’).
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4.1 Introduction and Overview

All domestic animals are social animals! In a discussion about the
domestication of farm animals, acknowledging social behaviour as a
trait common to all domestic animals is possibly the most universal —
most descriptive — and probably the most important statement that
can be made.! Recognition of the importance of social behaviour to
domestication is not a new idea. Indeed, in 1875 Darwin wrote that
‘... complete subjugation generally depends on an animal being social
in its habits, and on receiving man as the chief of the herd or family’.

After such a strong opening statement, one finds few if any other
statements that apply to all behavioural, morphological or physio-
logical traits among domestic animals. There are, however, general
trends or tendencies. Many of the other common traits, however, are
also behavioural characteristics linked or tied to social behaviour,
possibly genetically.

The traditional classification system of sorting animals into
species, genus, family, etc. relies on grouping individuals according
to their having common morphological and behavioural traits. This
system is of relevance to this discussion because a strong argument can
be made for viewing domestication as similar to speciation (Darwin,
1859, 1875; Spurway, 1955). However, classifying domestic animals
presents a problem because the one trait, social behaviour, thus far
identified as being common to all domestic animals is a trait also com-
mon to many wild animal species. Therefore, formulating a scientific
class for all domestic animals (or groups of domestic animals) on a trait
or genetic basis is a problem, as is finding a scientific definition of
domestication.

So how does one define domestication? Or, more precisely,
how does one provide a scientific definition of a ‘domestic animal’?
One could say that it is common or public knowledge that the dog, cow,
pig, horse, sheep, goat and chicken are domestic animals. These
animals have in common a significant feature — their lives are more
closely or directly linked to human activity than are those of animals
that are said to be living naturally in a wild or feral state. Hale (1962)
stated that domestication was a condition wherein the breeding,
care and feeding of animals are, to some degree, subject to continuous
control by humans. Price (1998) discussed in detail the problem of
defining domestication. His contention was that domestication is best
viewed as a process wherein animals adapt to living with humans and
to the environments provided by humans.

A limitation of these definitions is of course that they emphasize
either a condition or a process relative to human actions and not the
specific genetic consequences or changes experienced by the popula-
tion of animals. The definitions are sound, pragmatic and appropriate



Evolution and Domestication of Social Behaviour 85

when writing about the broad topic of domestication. The problem is
that the current level of scientific understanding of domestication
is limited. As such, it results in domestic animals being placed into a
classification category that is dependent on what humans do, not what
is different about the animals. Possibly there is no solution to this
problem because there may be no truly distinguishing features or traits
that are unique to domestic animals. However, defining and recog-
nizing the problem in itself should be useful and could contribute to
the identification of uniqueness associated with domestication.

This discussion is not intended to be another thorough review
of the topic of domestication, as was recently presented by Price
(1998). Nor is the following information intended to be a review and
discussion of behavioural genetics as it relates to farm animals, for
Hohenboken (1987) has previously made this contribution.

The purpose of this chapter is to demonstrate that social behaviour
as an evolutionary adaptation played a critical role in the domestica-
tion process and today continues to be a trait of great importance
in commercial production systems. This will be undertaken by first
discussing the process of domestication (in general) and then how
the process has influenced social behaviour in our farm animals. This
discussion will also attempt to go beyond viewing domestication as
simply a process and will attempt to raise questions about possible
DNA-level changes resultant from the domestication process. Conjec-
ture will be presented as to how a combined evolutionary and
molecular-level understanding of domestication as it pertains to social
behaviour could ultimately improve both productivity and welfare of
farm animals.

4.2 A Brief History of Time — Relative to Domestication and
Modern Farm Animals

Anthropologists and evolutionary biologists have determined that
initiation of domestication of the most commonly known farm animals
occurred some 8000-12,000 years ago (Clutton-Brock, 1981, 1999;
Zeder and Hesse, 2000). This means that domestic animals have existed
only during the current, most recent period of geological time known as
the Holocene, the period since the last major glaciation activity. This
equates to chickens, sheep, pigs and cattle, as we know them today, not
existing before the end of the last ice age. Dogs, which are generally
recognized as the first species to have been domesticated, have existed
for only about 14,000-15,000 years.? Considering the age of life on this
planet or even the length of time that the major mammalian and avian
species have existed, domestic animals arrived comparatively recently
and are products of only a relatively few generations of selection
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Table 4.1. Chart representation presenting the relative time of some factors
related to the development of domestic animals.
Years ago
(approx. ) Events Relative time
4.5 to 5 billion  Origin of Earth 1 Jan.

(109
2 to 3.5 billion  Life begins (genetic replicators), algae and 19 Apr.

(109 bacteria
600,000,000 Invertebrates: jellyfish, worms, etc. 17 Nov.
500,000,000 Vertebrates 28 Nov.
400,000,000 Land plants, fishes, amphibians and insects 1 Dec., evening
310,000,000 Reptiles appear, amphibians dominant
220,000,000 Dinosaurs 17 Dec., 10:00 am
180,000,000 Appearance of birds and mammals 19 Dec., evening
135,000,000 Beginning of extinction of dinosaurs
35,000,000 Appearance of most modern genera of

mammals

5,500,000 Homo erectus
1,000,000 First human societies
250,000 Homo sapiens 31 Dec., 11:30 pm
14,000 Dog domesticated

7000 to 11,000

5000
2000
200

150

100

75

Sheep, goats, pigs, cattle and chickens
domesticated

Written records begin

Birth of Christ

Beginning of the confinement of livestock
into fenced areas, not commons around
manor houses, leading to more control
over mating and breeds as we know them

Robert Bakewell — first publications on
animal breeding

Era of Darwinian evolutionary theory begins
with publication of Origin of the Species
(1859)

Mendel publication

Start of many herd books and breed
associations

Beginning of the study of genetics as a
science

Polled Hereford breed developed, one of the
first applications of Mendelian laws

Development of formula for calculating
inbreeding, heritability and genetic
correlations, leading to the use of selection
techniques that could greatly increase the
rate of change in production traits

Beginning of the study of ethology

31 Dec., 11:59 pm

Continued
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Table 4.1. Continued.

50 Start of modern confinement housing systems
employing greater use of technology to
reduce labour costs, leading to more
animals per caretaker. Development and
application of artificial insemination
Watson and Crick (1953)
Present, Era of information revolution and genetic 31 Dec., midnight
year 2000 engineering

(Table 4.1). The relative times of events and ages of species strongly
imply that the primary moulding of the gene structures of modern
farm animals occurred well before domestication. The majority of the
genetic structure of current farm animals occurred as a consequence
of natural selection, in the long evolutionary period that preceded
the relatively few generations that have been influenced by humans
through artificial selection.

Even though humans have been present for a relatively long period,
their living in association with other animals is more recent. It was
probably around 30,000 years ago, during the Pleistocene, when
important changes started that eventually led to domestication (Geist,
1971; Coppinger and Smith, 1983). There were relatively rapid and
dramatic changes in the environment, the most significant of which
was the subsiding of glaciers exposing vast new areas that were
habitable by humans and other animals. The simultaneous expansion
of humans and animals into these new habitats is thought to be related
to the eventual domestication of species (Coppinger and Smith, 1983).

The initial contact between humans and the pre-domesticants
probably began with their simply living in close spatial proximity
(Coppinger and Smith, 1983). This first social relationship was
probably a more symbiotic condition, and not a situation whereby
humans controlled the animals with fences or buildings (Budiansky,
1992). Initially, humans probably used procedures such as castration
and hobbling techniques to control behaviour, combined with the
common practice of shepherding or herding livestock. The widespread
use of fencing is relatively recent, with its common use in Britain
dating back only 200-300 years. Prior to this time livestock were kept
outside on grounds referred to as ‘commons’. Many of the major breeds
of livestock as we know them owe their origin to the British practice of
fencing individually owned livestock (Briggs and Briggs, 1980).

There has been some artificial selection pressure on animals as a
consequence of human intervention, dating back at least to the first use
of castration to control behaviour of the ‘wilder’ more aggressive males
(Briggs and Briggs, 1980). Some of the selection pressure on the early
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domestic, or semi-domestic, groups of animals was probably a conse-
quence of the genetically less tractable animals simply escaping back to
the wild. Additionally, in the early stages and in some species continu-
ing until today, humans routinely chose to kill and eat the animals
whose behaviour was difficult to control before they had a chance to
breed. Thus, for the vast majority of time that humans have controlled
domestic animals, the selection pressure exercised has probably been
related to the animals’ behaviour (Belyaev, 1979). Initially, the selec-
tion for more tractable behaviour probably occurred more as a conse-
quence of human attempts to control behaviour, not planned conscious
acts by humans to produce tamer, more tractable animals (Darwin,
1859; Budiansky, 1992). This unintentional selection no doubt also
influenced social behaviour in that individuals with a tendency to stay
together in herds and flocks would be favoured, as would individuals
that tolerated the close proximity of humans. Today, in reindeer culling
there is discrimination between animals that stay in the herd centre
and those that stay on the perimeter of the group, and similar selection
pressure was probable in the early stages of domestication of other
species. Castration of more aggressive males made them more tractable,
but it also contributed to lowered behavioural libido in domestic males.
Other techniques employed since early stages of domestication, such as
cross-fostering of young and early weaning, also affected maternal
behaviour of livestock and correspondingly influenced social behav-
iour. Domestic hens are known to be more likely to accept chicks
hatched from eggs of other species than are wild birds (Lorenz, 1965).
An understanding of the genetic basis for selection to directly ‘fix’
traits has developed only in the last 100 years (Lush, 1947; Zirkle,
1952). Previously, and in some cases even today, humans believed the
behaviour, coat colour, reproduction, etc., of animals was controlled
by gods or spirits (Briggs and Briggs, 1980; Campbell, 1991; Olesen
et al., 2000). As a consequence of widespread myth and superstition
about animals and inheritance, when all farm animals are considered,
very little effective or intentionally directed selection on production
traits occurred in livestock before the 20th century. Prior to widespread
use of automobiles in much of North America and Europe, livestock
roamed fields, woodlands, and even in cities with fences constructed
to keep animals outside areas that were used for crop and vegetable
production (Briggs and Briggs, 1980). Today there are still major
regions in the world, such as parts of Australia, where livestock are
kept under range or extensive conditions with only minimal contact
with humans. Under these conditions, natural selection remains a
major factor and matings are only partly controlled by humans.
However, for a significant portion of the world’s livestock, a major
shift in the level of confinement began just after World War II. Over the
last 50 years there has been a trend towards larger scale farms utilizing
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more intensive confinement housing systems. New artificial selection
techniques were developed by animal breeders, and computers made
it possible to store and access records and plan matings, leading to
implementation of these selection systems (Stricklin and Swanson,
1993). The development and widespread use of semen collection,
storage and artificial insemination made it possible to exert even
greater selection pressure on desired traits (Olesen et al., 2000).

One of the most dramatic consequences of the move to modern
farming techniques is related to social behaviour. The social group size
(see Section 2.5) for farm animals today is sometimes several thousand
times larger than the group sizes found prior to 1950. The ability of
domestic animals to live in groups is a behavioural trait that made
intensive livestock systems possible. However, the consequences of
crowding and large group sizes on the welfare of farm animals are
being questioned (Dawkins, 1998). The natural agonistic behaviours,
including pecking, biting, butting, chasing and fighting, common
among social animals, account for many animal deaths and lower rates
of gain among closely confined animals. Some behavioural actions that
cause damage to other animals (such as buller syndrome in steers,
feather pecking in hens and tail-biting in pigs), while not necessarily
true social behaviours are nevertheless a consequence of group living.
Sometimes the term social stress is used to cover the negative aspects of
group-related activities of animals (Stricklin and Mench, 1987).

In concluding this section, it must be acknowledged that there
have been dramatic changes in traits such as growth rate, milk and egg
production, even litter size, in some domestic animals, with much of
this change occurring during the past 50 years (Stricklin and Swanson,
1993). Additionally, the domestication process has influenced the
behaviour of farm animals. However, the most significant factor in the
formation of the genome of modern farm animals was natural selection,
which preceded and has continued to act through the domestication
process. Significantly, the modern farm animal of today compared with
the pre-domestication ancestor has a full behavioural repertoire. No
behaviours have been added or deleted through the domestication
process. It is only the level of needed stimuli associated with the
initiation of a given behaviour and the corresponding final level of
expression for the behaviour that have been shown to be modified
(Hale, 1962; Wood-Gush, 1983).

4.3. A Cursory Overview of the Evolutionary Basis of Social
Behaviour

Development of social behaviour arose in part because animals that
share genes in common mutually increase their genetic fitness values
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as a result of cooperation. The genetic basis for this relationship was
not defined until Hamilton (1964) wrote a two-part article entitled
‘The genetical evolution of social behaviour’. These papers formed the
theoretical basis for the explanation of an individual’s behaviour that
appears to benefit the group at the expense of the individual’s fitness.
Hamilton mathematically formulated a predictive model for the proba-
bility of an altruistic act by a given animal based on the number of
genes it shared in common with the animal(s) that would benefit
from the act. Having more genes in common was predicted to increase
the probability of an altruistic act because the action increased the
‘inclusive fitness’ of the individual, even though the act could be
negative to the immediate survival or well-being of the individual.
The differential reproduction of one’s genes as a consequence of
cooperation with close relatives was named kin selection. These
aspects are discussed in more detail in Chapter 1.

An important aspect of kin selection, as developed by Hamilton
and investigated by others, is that individuals benefit most when they
can distinguish their close kin from other individuals. The term for
such behaviour is kin recognition and is known to exist in a few spe-
cies, but is not known to be common in the domestic species. However,
kin selection (independent of kin recognition) is also demonstrated to
be effective when individuals behave differentially with respect to
those animals that share a common close association, especially if this
association begins at birth. The basis for kin selection functioning
under these conditions, of course, is that typically the animals in close
proximity under natural conditions are close relatives. The family
structure of the wild ancestors of current domestic animals was pre-
dominantly a matrilineal-based group (Reinhardt and Reinhardt, 1981;
Stricklin, 1983). The extended family of related females thus shared
genes in common, as did their offspring. It would therefore be expected
that behaviours would evolve that promoted social behaviour.

Some production systems may act to cause non-genetically related
adult farm animals to behave as if they are relatives. For example in
dairy heifer replacement systems and chick rearing systems for laying
hens, individuals share a common and close association in their early
development. This early association may lead the animals as adults to
behave socially toward each other as if they are kin-related (Stricklin,
1983). This early association in development has considerable implica-
tions for the later social behaviour of domestic farm animals. The
traditional family structure wherein the offspring remains with the
mother from birth until natural weaning occurs somewhat infrequently
among current farm animals. However, farm animals developed from
species that evolved to behave differentially towards those individuals
with whom they were in close association following birth and during
their early development (Reinhardt and Reinhardt, 1981; Graves, 1984).
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Today, it is possible — one might even suggest probable — that dairy
heifers behave towards their age peers, with whom they shared a
common early development, as if they were genetic relatives, even as if
they were sisters or cousins, when they are not.

The model presented by Hamilton was built upon and/or used
concepts that originated from the work of animal and plant breeders.
Jay L. Lush, who is considered by Americans to be the founder of
animal breeding, stated as early as 1947 that the degree of being helped
or hindered among animals was probably proportional to their genetic
relatedness. This expression by Lush (1947) is basically a summation of
the kin selection theory, which was later formulated by Hamilton.

Interestingly, in his discussion of the evolution of social behaviour
as it relates to group selection, E.O. Wilson in Sociobiology (1975)
acknowledged that:

One of the principal contributions to theory was provided by Jay L. Lush
(1947), a geneticist who wished to devise a prescription for the choice of
boars and gilts for use in breeding. It was necessary to give each pig ‘sib
credits’ determined by the average merit of its littermates. A quite reliable
set of formulas was developed which incorporated the size of the family
and the phenotypic correlations between and within families. This
research provided a useful background but was not addressed directly to
the evolution of social behavior in the manner envisioned by Darwin.

Lush is known to have been a strong advocate for the study of
behaviour of farm animals building from an evolutionary foundation.
However, traditional animal breeders have continued these investiga-
tions to only a limited extent. But research of the type advocated by
Lush on social behaviour and genetics became the domain of workers
in a discipline recognized today as behavioural ecology, a discipline
that traces a major part of its foundation to the work of Hamilton.
There is some support for the theory that animals under
domestication conditions adopt a more energy conservation strategy of
behavioural activity, at least relative to optimal foraging patterns, as
was proposed by Beilharz et al. (1993). Behaviours with energy costs
that are high, such as extensive foraging and social interactions, were
found to decrease in frequency in domestic birds. When domestic pigs
were compared with domestic swine—wild boar hybrids, the domestic
pigs used a less costly foraging strategy (Gustafsson et al., 1999). One
implication of this work is that domestic animals are not necessarily
less adapted compared with their wild counterparts, as has been
implied or stated (Ratner and Boice, 1969; Coppinger and Smith, 1983).
Instead, it can be argued that domestication is an evolutionary strategy
that tends to favour animals that adopt energy-conserving behavioural
foraging strategies (Gustafsson et al., 1999). If this theory applies more
universally to the behaviour of domestic animals, then lower levels of
agonistic behaviour might be expected among animals under domestic
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conditions relative to their wild counterparts (Fig. 4.1 illustrates
different body types in pigs).

4.4 The Role of Behaviour in Domestication

Social behaviour between humans and animals (see Chapter 13) was
the foundation on which the domestication process was built (Zeuner,
1963). Docility is recognized as the primary and essential trait for
domestication (Kretchmer and Fox, 1975). Docility by definition has to
do with the behaviour of an animal while in the presence of humans —
and thus at a minimum is inclusive of the degree of sociality exhibited
between the animal and humans.

Fig. 4.1. lllustration of the differences in body type for (a) a European wild boar
sow and piglets; (b) a feral boar from Issabaw Island, Georgia, USA; (c) a common
domestic breed — Yorkshire — sow and pigs in a farrowing crate, and (d) a Meishan
sow. Note that the domestic Yorkshire pigs are white, which tends to be a common
trait among domestic animals, especially those kept in close confinement such as
laboratory animals. Also, the Meishan sow shows considerable morphological
neoteny in facial and body features, and pigs of this breed reach puberty at less
than 3 months of age, while common breeds reach puberty by about 6 months of
age. Meishan, a Chinese breed, are noted for having very large litter sizes (15 pigs
or more), and were developed independently from European domestic breeds.
Note also that the feral boar (b) shows a body type that is much more similar to

the European wild ancestor (a) compared with the body characteristics of domestic
pigs, from which it is more recently descended.
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In The Behaviour of Domestic Animals, edited by Hafez, E.B. Hale
(1962) wrote a chapter entitled ‘Domestication and the evolution of
behaviour’. In this chapter, Hale outlined traits he considered favour-
able and unfavourable to domestication. The original chart has been
reproduced in other discussions about domestication (e.g. Kretchmer
and Fox, 1975; Price, 1984), but the information is considered worthy
of presentation again in the current discussion (Table 4.2).

Hale’s general argument was that there were behavioural traits
common to the progenitors of domesticated species that favoured their
transition from the wild to the domesticated state. Tennessen and

Table 4.2.

Behavioural characteristics which favour domestication and those

which do not favour domestication of a species. (After Hale, 1962.)

Favourable characteristics

Unfavourable characteristics

1. Group structure

(a) Large social groups (flock, herd, pack),
true leadership

(b) Hierarchical group structure

(c) Males affiliate with female groups

2. Sexual behaviour

(@) Promiscuous matings

(b) Males dominant over females

(c) Sexual signals provided by movements
or posture

3. Parent-young interactions

(a) Critical period in development of
species bond (imprinting, etc.)

(b) Female accepts other young soon
after parturition or hatching

(c) Precocial young

4. Response to humans

(a) Short flight distance to humans

(b) Not easily disturbed by humans or
sudden changes in environment

5. Other behavioural characteristics

(@) Omnivorous

(b) Adapt to a wide range of environmental
conditions

(c) Limited agility

(@) Family groupings

(b) Territorial structure
(c) Males in separate groups

(a) Pair-bond matings

(b) Males must establish dominance
over or appease female

(c) Sexual signals provided by colour
markings or morphological structures

(a) Species bond established based
on species characteristics

(b) Young accepted on basis of
species characteristics

(c) Altricial young

(a) Extreme wariness and long flight
distance

(b) Easily disturbed by man or sudden
changes in environment

(a) Specialized dietary habits
(b) Require a specific habitat

(c) Extreme agility
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Hudson (1981) used a form of cluster analysis to evaluate Hale’s
classification of favourable and unfavourable traits and concluded that
his system is not highly accurate in its predictive ability. However,
Hale (1962) acknowledged that the progenitor of a domesticated
species need not have possessed all the indicated adaptations and
stated that there are notable exceptions, including many species that
possessed traits favourable to domestication but remained in the wild
state. For example he speculated that almost any of the family Bovidae
would be easily domesticated, yet the majority remain wild. He also
argued that it would be extremely difficult to domesticate a species that
possessed only the unfavourable traits. More importantly, Hale argued
that species originally possessing unfavourable characteristics come
under selection pressures that move them towards developing the
corresponding favourable characteristics.

Hale stated that perhaps the most remarkable aspect of early
domestication was the disproportionate contribution of a single order
of mammals, the Artiodactyla, to the successful domesticants. This
order includes swine, sheep, goats, European cattle, Zebu cattle, Indian
buffalo, yak, camels, llamas, alpacas and reindeer. He noted a similar
but less extreme situation in birds with the order Galliformes contribut-
ing a large number of species including chickens, pheasants, peafowl,
guinea-fowl and turkeys. Hale contended that the traits favourable
to domestication (Table 4.2) are highly descriptive of many ungulates
and gallinaceous birds, helping to explain their major contribution to
domesticated species.

It is worth noting in this discussion that Hale started his list of traits
favourable to domestication with social behaviour. Hale listed first
large social groups, and, in the light of the current group sizes used in
some production systems, this remains a highly important trait. He
argued that a hierarchical group structure could benefit domestication
through tending to reduce fighting to a minimum, thus subjecting
the animals to less social stress. It should be noted (Table 4.2) that,
in making these statements, Hale was comparing animals that are
hierarchical in social group structure (and possess a system of portable
personal space) with animals that have a territorial-based social
structure (and defend a fixed and definable physical space against
intrusion by other animals).

In summary, the use of Hale’s traits favourable to domestication
may be useful in answering the question — What is a domestic animal?
According to Hale, a domestic animal is one that is a member of a
population whose behaviour either fits the traits listed in Table 4.2 or
which is in a condition wherein there is selection pressure that is
moving the group’s behaviour towards fitting the favourable traits.
Others, including Coppinger and Smith (1983) and Belyaev (1979),
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have stated or implied that behaviour may be the best method of
defining a domestic animal.

4.5 Domestication as an Adaptive Trait Leading to
Increased Genetic Fitness

Geneticists define fitness as the contribution an individual makes to
the gene pool of subsequent generations relative to the contributions of
other individuals in the population (Wilson, 1975; Dawkins, 1976).
Inherently, the process of natural selection leads eventually to the
prevalence of the genotypes with the highest fitness.

The most numerous bird on earth is the domestic chicken. The
increase in the number of domestic animals relative to their wild
counterparts has been argued to be evidence of the adaptive benefit
of having traits favourable to domestication (Budiansky, 1992). This
argument is one based on Darwinian fitness. Traits from genes that
lead to offspring in greater number are said to be adaptive (Dawkins,
1976). Behavioural traits leading to domestication ultimately produced
greater numbers of animals and therefore are more adaptive. Thus, by
using a strict Darwinian argument, the behaviour of domestic animals
can be said to be more adaptive than that of their wild counterparts
who are now relatively fewer in number or in some cases extinct.
Domestic animals have differentially reproduced their genes through
exploiting a strategy that is dependent on humans providing food,
shelter, etc. (Budiansky, 1992). This argument contends that the groups
of animals that ‘chose’ domestication as an evolutionary strategy were
more successful than were the species that adopted other evolutionary
strategies that culminated with their extinction or that now place them
in jeopardy.?

Natural selection in wild populations involves selection for greater
individual viability (competitive ability, longevity, etc.) and for greater
reproductive success (Tchernov and Horwitz, 1991). The two strategies
were termed K-selection and r-selection, respectively, by MacArthur
and Wilson (1967). In population biology, the symbol ‘r’ is used to
represent the intrinsic rate of increase or growth in the number of
individuals of a population, and the symbol ‘K’ is used to represent the
carrying capacity of the environment (upper reproductive limit). Using
these distinctions, r-strategists and K-strategists have been reported to
move towards acquiring different behavioural and morphological
traits (Wilson, 1975), as outlined in Table 4.3. The r-strategists
are species that emphasize colonization of short-lived environments,
rapid population increase and full utilization of resources. In contrast,
K-strategists adapt to stable, predictable environments in which rate
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Table 4.3.

1970; Wilson, 1975; and Dewsbury, 1978.)

Some characteristics of r-strategists and K-strategists.? (After Pianka,

Correlate

r-strategists

K-strategists

Climate

Population size

Intraspecific and
interspecific competition
Development

Age of reproduction

Body size

Frequency of reproduction

Emphasis in energy utilization

Lifespan
Colonizing ability
Social behaviour

Variable or unpredictable

Variable over time with
wide fluctuations, usually
below carrying capacity
of environment

Variable, often lax

Rapid

Young

Small

Once

Productivity

Short

Substantial

Weak, mostly schools
or aggregations

Relatively constant
and predictable
Relatively constant
over time and often
near carrying capacity
of environment
Usually keen

Slower
Delayed
Relatively large
Repeated
Efficiency

Long

Minimal
Frequently well
developed

3t should be noted that few, if any, species fit entirely all criteria of either of these
two strategies. However, this conceptual model is considered useful in presenting
the expected correlated responses for a species that is moving towards adaptation

of either strategy.

of population growth is unimportant but formation of stable social

patterns is stressed.

Species that are r-strategists are sometimes said to be ‘opportunistic

species’ and the K-strategists are ‘specialists’. K-strategists exist at or
near the maximal carrying capacity of an environment and, therefore,
are subjects of a strategy wherein they evolve towards maximizing their
genetic ability to utilize the resources in their environment in the most
efficient manner. Such behavioural traits as increased social behaviour,
leading to greater cooperation, and behaviour such as greater invest-
ment in, or at least extended, parental care would be expected in these
specialized species.

These two forms of natural selection, of course, are not mutually
exclusive. Species are subject to varying levels of selection pressure
towards one or the other of these two strategies, and there is consider-
able debate concerning the trade-off between selection for increased
viability and increased reproduction (Tchernov and Horwitz, 1991).

Tchernov and Horwitz (1991) argued that domestication is charac-
terized by a shift to a more r-selected strategy, even though domestic
ungulates (with one or few offspring, parental investment, etc.) tend
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not to fit the criteria outlined for r-selection* (Pianka, 1970). However,
Tchernov and Horwitz (1991) argued that the environmental condi-
tions associated with domestication eventually lead to a shift that
is predominantly an r-selection strategy. These authors build an
argument that the decrease in body size of domesticants relative to
their wild progenitors was a consequence of their being shifted to
a greater r-selection strategy and not a consequence of intentional,
directed selection by humans. They further speculate that many traits,
including limited agility, decreased aggressiveness, a more omnivorous
diet, more precociality and earlier maturity, may all be the conse-
quence of a shift to an r-selection strategy, and not the consequence of
human-directed genetic selection.

Tchernov and Horwitz (1991) were attempting to use the r- and
K-selection theory to obtain a better understanding of the early stages
of the domestication process. Their contention was that a change
in environment drove the animals to adopt an r-selection strategy.
Interestingly, they did not discuss the impact of a shift to an r-selection
strategy on social behaviour. However, from the trend outlined in Table
4.3 one could predict that the animals would become less social and
move towards becoming an aggregation as opposed to being true social
animals (see Section 2.5).

Wilson (1975) defined an aggregation as a group of individuals
of the same species gathered in the same place but not internally
organized or engaged in cooperative behaviour. He made a distinction
between an aggregation and a true social organization (his term was
society), which he defined as a group of individuals organized in a
cooperative manner with reciprocal communication and interactions
extending beyond mere sexual activity. The term aggregation as
defined here seems to describe many groupings of modern farm
animals that show lower levels of agonistic behaviour, especially
groups of an extremely large size such as broiler flocks. (See Chapter
7 for a discussion of chickens and group size and Chapter 10 for
information on fish and aggregations.)

If domestication drives animals toward an r-selection strategy and
if r-selection tends to result in behavioural traits as listed in Table 4.3,
then modern farm animals may be moving away from being truly social
and towards becoming aggregations. Today’s artificial selection
strategies that emphasize growth and reproduction may additionally
exacerbate the shift towards traits associated with r-selection. In some
cases these modern selection criteria are being imposed on animals that
no longer live in a context where there is social interaction between
themselves and humans,® further lessening or eliminating selection
pressure for social behaviour. Such a combination of selection
pressures could produce dramatic genetic changes in social behaviour
and other traits in a relatively short time period.



98 W.R. Stricklin

Hohenboken (1987) suggested that in some cases domestic animals
in modern, highly mechanized, intensive farming systems face changes
to their physical and social environment that are possibly more
dramatic than those of their ancestors. He further suggests that these
changes may be occurring much more rapidly than is the ability of
populations to genetically adapt. Dairy cows that are kept in large
groups and must pass through milking parlours two or more times daily
may be an example of animals confronting such rapid and dramatic
social and physical environmental changes (see Section 5.2.3). The
system may force cows to move more and thus come into social contact
with a large number of other cows on a daily basis. An essential
component of a true social organization is that members are able to
recognize other group members. Theoretically, there is an upper limit
to the ability of a cow to individually recognize (see Section 14.1)
and remember other cows. Once this limit is exceeded, then group
stability would be expected to be compromised (Wilson, 1975). Within
groups that are heterogeneous for age, weight and sex, when group
stability breaks down, excessive aggression and even aberrant
behaviours may result (Calhoun, 1963). However, among groups that
are homogeneous in composition, which is true for most farm animals,
then a different strategy may result — one with group members showing
lowered levels of agonistic encounters. For example, a group of 1000
3-year-old heifers that were mixed frequently into smaller groups and
placed in smaller areas exhibited low rates of agonistic behaviour
(Stricklin and Kautz-Scanavy, 1984). Lower rates of agonistic encoun-
ters may be an indication that under some circumstances farm animals
move from being social groups towards formations that are simply
aggregations.

4.6 Is Domestication a Single-gene Trait?

No doubt, in the broad sense, domestication is the consequence of
numerous genes. However, while still speculation, there may be indi-
rect support for an argument that the primary or major event associated
with ‘true’ domestication is the consequence of a gene complex,
wherein one gene controls or regulates a number of other genes, all of
which influence traits associated with domestication. In this discus-
sion, it is proposed that there is merit in examining the possibility that
a major contribution to domestication came from a rather simple DNA
change — a single gene.

As an overview, it is suggested that initially, animals that
genetically possessed traits favourable to domestication lived in close
proximity to humans. In some animals, a relatively simple DNA change
(mutation) that regulated the action of a large number of other genes
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occurred, leading to a rapid change in behaviour, morphology and
physiology. This rapid and dramatic change led toward traits more
favourable to domestication. Finally, there is a period of 8000-12,000
years commonly associated with domestication of livestock. During
this period artificial selection has led to gradual rates of change in
behaviour, growth, reproduction and production traits, with the most
dramatic changes occurring within the past 50 years (and which may be
significant enough to be considered a separate stage itself). However, it
is the suggested early phase possibly involving a simple DNA change
based on a single mutation that raises the question — Is domestication a
single-gene trait?

If a rapid and dramatic genetic change occurred, the intriguing
possibility is that this was a consequence of a single ‘master gene’ that
switched on and off a large number of other genes or else regulated the
rate of their expression. But, before discussing this hypothesis further,
the traditional view supporting genetic gradualism as the basis for
domestication should be addressed.

4.6.1 The argument for gradualism

The predominant view of domestication implies that traits, including
behaviour, in animals have changed gradually over large numbers of
generations as a consequence of selection that is directed by humans, or
at times inadvertently caused by humans (Hale, 1962; Price, 1984;
Ratner and Boice, 1969; Ricker et al., 1987). This view implies that,
through differential rates of reproduction (i.e. selection) of those
animals that were tame in their behaviour, humans gradually created
the domestic farm animals of today. Further, if one were to chart the
proposed rate of change, it would show a pattern of gradual transition
from the wild type to the modern domestic farm animal (Briggs and
Briggs, 1980).

This model suggests that all traits found in domestic animals, for
example tameness or tractability, changed only gradually and as a
consequence of manipulation of the additive genetic variation that
originally existed in the gene frequency of wild progenitors to modern
livestock. In this model it is generally assumed that there are a large
number of genes related to tractability (Hohenboken, 1987). Selection
by humans caused an increase in frequency for the genes producing
tractable behaviour and a decrease in the genes related to fearfulness
and flightiness.

Population geneticists would predict that the expected response to
selection pressure is relative to the amount of additive genetic variation
in the population — which is to say that highly heritable traits (ones
with more additive genetic variation) show more rapid rates of change
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when under selection (Wilson, 1975). However, selection pressure
(either natural or artificial) on a given trait leads to less additive
genetic variation in the population, causing the heritability estimate to
decrease. Some traits such as those related to reproduction typically are
said to be poorly heritable because there is little associated additive
genetic variation, presumably because natural selection has acted and
continues to act to keep the variation at low levels.®

However, in studies of populations of domestic animals, traits
that reflect tractability have typically been found to be moderately to
highly heritable (Hohenboken, 1987). Intuitively, it would seem that if
domestication is the result of selection for more tractable animals, then
artificial selection would have acted to decrease the amount of additive
genetic variation as the animals became domesticated. However, this
does not seem to be the case. Further, feralization investigations
wherein animals are returned to a natural state, though limited in num-
ber, indicate that tractability is quickly lost and that the animals revert
to ‘wild type’ behaviour in only a few generations (Wood-Gush, 1983).
The fact that tractability retains relatively high levels of additive varia-
tion raises the possibility that domestication is not simply a process of
gradualism — other factors may also be influencing domestication.

4.6.2 The argument against gradualism

Darwin proposed that species originated as a consequence of gradual
genetic change over long periods of time.” But the fossil record does not
fit this pattern. Instead the fossil record shows abrupt appearance and
extinction of species (Eldredge and Gould, 1972). According to Belyaev
(1979), domestic animals differ from their wild counterparts, and from
each other, much more than do some species and even genera. He
further argued that there is no evidence of any period in the history of
evolution where a similar magnitude of variability occurred compared
with domestication.

Eldredge and Gould (1972) proposed that the pattern of rapid
species development could be described by a model they called
‘punctuated equilibrium’. They used this term to explain situations
whereby morphological features of a species remained unchanged for
long periods of time but originated from rapid change concentrated in a
geologically short time period.® The implication of this theory is that, if
species can arise quickly, then animals with domestic-like behaviour
could also develop rapidly.

Belyaev (1979) and Belyaev and co-workers (1981) presented
research evidence to support the notion that domestication was a rapid
process. He selected silver foxes on the basis of a single trait, short
flight distance to humans. He found that tame foxes were obtained in a
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relatively few generations (less than 20), but he also found significant
changes in other traits as well. The foxes behaved very much like dogs,
responding to humans by licking their hands, whining and wagging
their tails, and snarling fiercely at one another as they seek the favour of
human handlers (Trut, 1999). He also found dramatic changes in coat
colour and pattern, with some closely resembling that of dogs. Belyaev
(1979) concluded that ‘The process of domestication in all animal
species seems to have resulted in the same kinds of homologous
variations as a result of selection for the single important characteristic
of tame behavior.” There is some support, though more anecdotal,
for the suggestion that the domestication of fallow deer was also a
consequence of rapid change and occurred in the manner Belyaev
suggested (Hemmer, 1990).

Neoteny has been suggested as the genetic process that produced
the rapid change (Coppinger and Smith, 1983; Shea, 1989). Neoteny is
generally defined as the retention of juvenile traits into adulthood
(Gould, 1977). This retention of juvenile traits is thought to function via
a mechanism that controls the timing of trait development, possibly
through a single gene or single-gene complex (Shea, 1989). Thus, a
minor change in a gene mechanism that controls (switches on or off)
other genes could produce dramatic physical and behavioural changes.
The resultant juvenile-like traits due to neoteny would perhaps have
produced an animal that had ‘looser’ ties to adult drives (including
traits such as species-specific recognition), increased tameness and
more dependent, care-soliciting behaviour. In short, neotenization
could very much enhance social behaviour.

Neoteny has been suggested to affect the domestic animal not only
behaviourally, but also morphologically. Changes that have been sug-
gested to occur via neoteny are based on the juvenile form. Specifically,
animals that are neotenized resemble juvenile forms as adults. A flatter
face, rounder head and shorter extremities are the major characteristics
of a juvenile and also a neotenous adult (Lorenz, 1965; Gould, 1980;
Campbell, 1982). Geist (1971) provided very strong support for sheep
becoming neotenized. Some of the Chinese breeds of pigs appear to be
highly neotenized, compared with the European wild boar and even
some of the modern domestic breeds (Fig. 4.1).

Support for the idea that neoteny influences the process of domesti-
cation has been reported for the dog (Canis familiaris). Evidence of
behavioural neoteny has been documented by Coppinger et al. (1987)
where evidence of ‘selected differential retardation (neoteny)’ in motor
pattern development was found when compared with ancestral
species. Frank and Frank (1982) found that there was a breakdown in
ritualized aggression in domestic dogs when compared with timber
wolves (Canis lupus lycaon), which they stated was a consequence of
neotenization.
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Structural changes supporting the morphological consequences of
neoteny were reported by Morey (1994). Morey measured snout length
and cranial width in the prehistoric dog, modern wild canid and
modern dog. Snout length did not vary greatly between wild canids and
modern dogs, but the width of the palate and cranial vault did vary.
While the ratio of snout length to total skull length was similar between
wolves and dogs, the cranial width to total skull length proportion
was not. Instead, these proportions in dogs closely resembled those of
juvenile wolves. It was concluded that this supported the idea that
dogs are neotenous forms of their wolf ancestors. Interestingly, similar
changes in facial morphology were found in the comparison of captive
and wild alligators (Meers, 1996).

Neoteny has been proposed as the basis for increased brain size in
humans compared with other primates, and this is possibly both a
cause and effect of social behaviour (Shea, 1989). In fact humans
are highly neotenized, possibly the most neotenized of all animals
(Montegu, 1989). This observation raises a question that is of interest,
but only incidentally related to the current topic, as to whether or
not humans are domestic animals. Many persons, including Darwin
and Lorenz, have discussed this question, and the general agreement
is that a strong case can be made.® Human behaviour fits rather
well with Hale’s list of traits favourable to domestication (Table 4.2).
Budiansky (1992) argued that the domestication of humans and
animals occurred simultaneously. In fact one could argue that, through
the process of domesticating plants and animals, humans have
domesticated themselves.

Paradoxically, fairly dramatic reduction in the brain sizes of
domestic animals (up to 30%) has been reported, compared with their
wild counterparts (Hemmer, 1990). This seems contradictory from the
viewpoint that it has been argued that neoteny was influential in
the development of both domestic animals and humans. A contended
major aspect of neoteny is that head size relative to body size, as found
in neonates, remains relatively high in neotenized adults (Gould,
1980), producing larger brains. It is generally accepted that neoteny
produced an increase in brain size in humans (Montagu, 1989; Shea,
1989). It therefore seems contradictory that neoteny could produce the
behavioural and morphological changes listed by Hemmer (1990) and
also result in a decrease in brain size of the magnitude purported by
Hemmer. It would seem that, if there was a punctuated effect that
occurred in humans that is related to neoteny and if animals were
similarly neotenized, then this would be expected to lead to increased
brain size in both.
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4.6.3 Possible molecular basis for a gene related to domestication

Although the evidence is far from being direct or conclusive, there is
some theoretical support for the contention that domestication occurs
rapidly, possibly as a result of a regulator gene, or master gene, that
controls a large number of other genes. This epistatic genetic relation-
ship (non-allelic gene interactions) viewed at a molecular level could
be a form of a homeobox gene. Homeobox genes have been found to
play crucial roles in a wide range of organisms (Duboule, 1994). A
homeobox gene functions by auto-regulatory and cross-regulatory gene
interactions, with homeobox gene complexes linked into genetic net-
works. Through this action, it is theoretically possible that a simple
mutation could have a profound pleiotropic effect. Homeobox genes
have been found to be influential from the earliest steps in embryo-
genesis (such as setting up an anterior—posterior gradient in a fruit fly
egg) to the latest stages of cell differentiation (such as the differentia-
tion of neurons). These gene complexes are phylogenetically widely
distributed, having been found in all vertebrate species investigated
(Duboule, 1994). The implication of a homeobox gene for this discus-
sion is that a very simple mutation can possibly mediate the expression
of a gene complex that then has a major impact on the morphological,
physiological and behavioural development of an organism. Belyaev’s
(1979) relatively rapid development of domestic-like foxes may be
the product of gene change that involved a homeobox, which would
be the equivalent to the stage of rapid and dramatic change associated
with domestication.’® While his work preceded the discovery of
homeoboxes, Belyaev (1979) seems to have had an awareness of the
underlying probable cause of the rapid changes he observed. He wrote,
‘In a genetic and biochemical sense, what may be selected for are
changes in the regulation of genes — that is, the timing and the amount
of gene expression rather than changes in individual structural genes.’

As indirect support for the suggestion that domestic animals
experienced morphological changes rapidly rather than gradually,
one can also look to the archaeological evidence (Clutton-Brock,
1981, 1999; Zeder and Hesse, 2000). The discussions by Belyaev
(1979), Budiansky (1992), Coppinger and Smith (1983), Geist (1971)
and Hemmer (1990) about rapidly occurring morphological and
behavioural changes in animals, in association with neoteny, are also
indirectly supportive of the hypothesis that a homeobox complex plays
the dominant role in the genetic basis of domestication.

If a master gene for domestication could be identified through
molecular biology techniques, then at least a better understanding of
domestication should result. However, such a finding could addition-
ally result in the development of animals that are optimally suited to
the conditions experienced by modern domestic farm animals.
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4.7 Impact of Production Trait Selection on Social
Behaviour

Typically, when animal scientists list the traits that are considered to
be of economic importance, the list is inclusive of traits such as rate of
body weight gain, efficiency of conversion of feed to body weight, num-
ber of eggs produced, volume or weight of milk produced, fleece
weight, etc. Seldom are behavioural characteristics included as being
important production traits in animal breeding or animal production
textbooks. Yet having animals with the appropriate behavioural traits
is highly important to the production of food and fibre from animals.
Specifically, the behaviour(s) that allow animals to live together and to
live in association with, or under the control of, humans are of primary
significance to efficient, indeed profitable, animal production systems
(Stricklin and Mench, 1987). From this viewpoint, social behaviour is
a highly significant production trait, but one that is not typically
included in genetic selection schemes.

Social behaviour is also linked, at least to some extent, with a
number of other behavioural traits that are important in animal produc-
tion systems. These behavioural traits include especially sexual and
maternal characteristics of farm animals (see Chapter 3). Additionally,
growth is primarily a trait associated with young animals. However,
growth in farm animals has been extended into older ages. Budiansky
(1992) suggested that this is a consequence of neoteny and is linked to a
complex of traits, a major one being social behaviour. Thus, these traits
are interrelated with, or are a part of, social behaviour to such an extent
that, when one is genetically altered, the others are also influenced.

Social behaviour also includes bonding across species between
animals and humans (see Section 13.2). Because domestic animals are
more social and/or tractable, humans can keep them in groups, restrain,
handle and transport them, etc., whereas the lack of tractability makes
game ranching difficult, even impractical, for some species of wild
animals. The importance of sociability and tractability of domestic
animals is sometimes overlooked, but they are characteristics that
have allowed the development of many practices common in animal
agriculture. In the words of Darwin, it is these behaviours that lead
animals to ‘receive humans as the chief’.

4.8 Beyond Domestication?

The genetic changes that define a domestic animal relative to its wild
progenitor or contemporary counterpart have not been defined, espe-
cially at the molecular level. Not understanding these relationships
could result in our selecting farm animals in a manner contrary to that
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of ‘true’ domestication, especially if a single production trait becomes
the primary focus of the selection process. As a consequence of remov-
ing selection pressure on traits that led to domestication, including
social behaviour, we may have moved or will move animals to
undomesticated genetic states — or a state beyond domestication. In
other words it is conceivable that animals kept and selected under
close confinement conditions could genetically revert to a pre-
domestication state or transcend to a state that is considerably different
from that originally described by Hale (1962) in his categories of
behaviour favourable to domestication. This could especially be true
for social behaviour. Under current production conditions it is conceiv-
able that some farm animals through r-selection type pressure are being
shifted towards having group structures that are aggregations rather
than true social organizations. Additionally, by not having a clear
understanding of domestication at the molecular level we may not be
selecting animals that are genetically the most suited to the conditions
experienced by farm animals — including adaptations to confinement
that are welfare positive and also compatible with optimal levels of
production.

Notes

1 The cat is possibly a noted exception or maybe even an anomaly.
Unlike true social animals that typically live in large groups, cats
tend to be solitary. Only in the special circumstances of sexual
activity or maternal litter care is prolonged social contact typically
found in free-ranging cats (Rosenblatt and Schneirla, 1962). Cats
also tend to allocate space using temporally separated but spatially
overlapping home ranges, and some of their wild relatives are truly
territorial. This is in contrast to true social animals, which employ
portable space, with each individual in the gregarious formation
having an area around their head or body whose intrusion by
conspecifics they tend to defend against (Wilson, 1975). The behav-
iour and morphology of the domestic cat is little changed compared
with its wild ancestors, leading some persons to suggest that the cat
lives more in cohabitation with humans rather than having been
truly domesticated (Davenport, 1910; Daniels et al., 1998). Some
recent semi-domesticated animals such as foxes and mink are also
from species that are not truly social.

2 This estimate is based on archaeological evidence. Vila et al. (1997)
reported that mitochondrial DNA analyses indicate the genetic
divergence of dogs from wolves began 100,000 or more years ago.
These researchers suggested that association between humans and
the precursors to the domestic dog may also have occurred quite
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early. Thus, associations with other species may also have occurred
earlier than reported dates of domestication.

It should be noted that the word ‘chose’ as used by Budiansky
(1992) and others does not imply any cognitive process on the part
of individual animals. It is used in reference to the adoption of an
evolutionary strategy by a group of animals. Some animals chose
domestication in the same sense that the ancestors of Homo sapiens
chose to become bipedal as an adaptive strategy in their evolution-
ary development.

Some traits of domestic ungulates do, of course, fit into r-selection.
Pigs tend to fit some criteria. However, horses and members of the
family Bovidae (cattle, sheep, goats, etc.) tend not to fit r-selection
strategy criteria.

Farm animals continue to have contact with humans, but the con-
tact is much less social than was true for past production systems.
The modern intensive confinement, mass production systems
employ greater technology in substitution for human labour for
animal care (Stricklin and Swanson, 1993). This has led to
considerably less frequent and less direct contact between humans
and farm animals. Hens in battery cages, gestating sows, pigs in
finishing pens, broilers in open floor settings, steers in large feedlot
settings and other types of modern production systems result in
animals having only limited contact with their human caretakers.
While this statement is the classical population genetics view, it is
only partly true — primarily when the environment is constant.
Houle (1992) in an analysis of published data on this topic
demonstrated that often fitness traits in fact have high additive
genetic variance components but that the residual variance is also
high. Thus, the heritability estimate in the narrow sense, which is a
ratio of additive to total variance, is low.

Darwin (1859) acknowledged that with domestic animals ‘some
variations useful to [humans] have probably arisen suddenly, or
by one step . . .. However, he viewed gradual and accumulated
change, over many generations, as the primary and most important
factor contributing to domestication and breed development.
Because the topic is evolution maybe it is not surprising that there
are some persons who disagree with this theory (see Hoffman,
1982, for example). However, even if Eldredge and Gould (1972)
were not correct as to exactly what produced the abrupt changes in
the fossil record, the ‘punctuated’ changes remain. In the current
discussion, it is proposed that molecular genetics will eventually
determine the likely causes of these changes, and it is further
suggested that Eldredge and Gould will be demonstrated to be more
correct than wrong on this topic. Additionally, it is proposed that
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the same processes will be found to have caused the early genetic
changes associated with domestication.

9 There is not, however, total agreement on whether or not humans
should be considered as domesticated. The term ‘domestic’ has a
negative connotation in modern language and in some cases the
contention that humans are domestic animals is intended to carry
this meaning. In fact Lorenz in his early writings argued that
crowding of humans into cities resulted in behavioural and moral
degradation, which he also viewed as being a consequence of
domestication (Lerner, 1992), and Lorenz (1974) returned to this
same theme in his final book, Civilized Man’s Eight Deadly Sins. In
a contrary view but still with a negative attitude to farm animals,
Spurway (1955) wrote, ‘Evidence from social behaviour strongly
contradicts the suggestion that civilization and domestication are
processes which have anything in common. Civilization has not
resulted in human beings having barnyard morals.’

10 The onset of domestic dog-like behaviour did not occur immedi-
ately in all foxes selected. The foxes considered to exhibit the
highest level of domestic behaviour progressed approximately
as follows: 18%, 35% and 75% for generations 10, 20 and 40,
respectively (Trut, 1999). However, this is a remarkably rapid
change compared with the thousands of years generally considered
to have been necessary to produce domestic-type behaviour. These
data also suggest that the underlying genetic change occurred
in only some animals but was capable of remaining intact across
generations when under selection pressure. Trut (1999) reports that
35% of the variation in the tameness response of foxes was genetic,
which is the same as saying that, in their population, the trait had a
heritability estimate of 0.35.

References

Beilharz, R.G., Luxford, B.G. and Wilkinson, J.L. (1993) Quantitative genetics
and evolution: is our understanding of genetics sufficient to explain
evolution? Journal of Animal Breeding and Genetics 115, 439-453.

Belyaev, D.K. (1979) Destabilizing selection as a factor in domestication. The
Journal of Heredity 70, 301-308.

Belyaev, D.K, Ruvinsky, A.O. and Trut, L.N. (1981) Inherited activation—
inactivation of the star gene in foxes: its bearing on the problem of
domestication. The Journal of Heredity 72, 267—274.

Briggs, H.M. and Briggs, D.M. (1980) Modern Breeds of Livestock, 4th edn.
Macmillan, New York, 802 pp.

Budiansky, S. (1992) The Covenant of the Wild: Why Animals Chose
Domestication. William Morrow and Company, New York, 190 pp.



108 W.R. Stricklin

Calhoun, J.B. (1963) The social use of space. In: Mayre, W.V. and van Gelder,
R.G. (eds) Physiological Mammalogy. Academic Press, New York,
pp. 2-187.

Campbell, J. (1982) Grammatical Man: Information, Entropy, Language, and
Life. Simon and Schuster, New York.

Campbell, J. (1991) The Masks of God: Primitive Mythology. Arkana, New York,
504 pp.

Clutton-Brock, J. (1981) Domesticated Animals from Early Times. British
Museum/Heinemann, London.

Clutton-Brock, J. (1999) A Natural History of Domesticated Mammals, 2nd edn.
Cambridge University Press, 232 pp.

Coppinger, R.P. and Smith, C.K. (1983) The domestication of evolution. Envi-
ronmental Conservation 10, 283—292.

Coppinger, R.P., Glendinning, J., Torop, E., Matthay, C., Sutherland, M. and
Smith, C.K. (1987) Degree of behavioral neoteny differentiates canid
polymorphs. Ethology 75, 89—108.

Daniels, M.J., Balharry, D., Hirst, D., Kitchener, A.C. and Aspinall, R.J.
(1998) Morphological and pelage characteristics of wild living cats in
Scotland: implications for defining the ‘wildcat’. Journal of Zoology 244,
231-247.

Darwin, C. (1859) On the Origin of Species (reprinted 1950). Watts and Co.,
London.

Darwin, C. (1875) The Variation of Plants and Animals under Domestication,
2nd edn. John Murray, London.

Davenport, E. (1910) Domesticated Animals and Plants. Ginn and Company,
Boston, Massachusetts.

Dawkins, M.S. (1998) Through Our Eyes Only? The Search for Animal
Consciousness. Oxford University Press, 208 pp.

Dawkins, R. (1976) The Selfish Gene. Oxford University Press, New York,
352 pp.

Dewsbury, D.A. (1978) Comparative Animal Behavior. McGraw-Hill Book
Company, New York, 452 pp.

Duboule, D. (1994) Guidebook to the Homeobox Genes. Oxford University
Press, Oxford.

Eldridge, N. and Gould, S.J. (1972) Punctuated equilibria: an alternative to
phyletic gradualism. In: Schopf, T.].M. (ed.) Models in Paleobiology.
Freeman, Cooper, San Francisco, pp. 82-115.

Frank, H. and Frank, M.G. (1982) On the effects of domestication on canine
social development and behavior. Applied Animal Ethology 8, 507-525.

Geist, V. (1971) Mountain Sheep: a Study in Behavior and Evolution. The
University of Chicago Press, Chicago, 383 pp.

Gould, S.J. (1977) Ontogeny and Phylogeney. Belknap Press of Harvard
University Press, Cambridge, Massachusetts.

Gould, S.J. (1980) The Panda’s Thumb. Norton, New York.

Graves, H.B. (1984) Behavior and ecology of wild and feral swine (Sus scrofa).
Journal of Animal Science 58, 482—492.

Gustafsson, M., Jensen, P., deJonge, F.H. and Schuurman, T. (1999) Domestica-
tion effects on foraging strategies in pigs (Sus scrofa). Applied Animal
Behavour Science 62, 305—-317.



Evolution and Domestication of Social Behaviour 109

Hale, E.B. (1962) Domestication and the evolution of behaviour. In:
Hafez, E.S.E. (ed.) The Behaviour of Domestic Animals, 2nd edn. Bailliére,
Tindall & Cassell, London, pp. 22—42.

Hamilton, W.D. (1964) The genetical evolution of social behaviour (I & II).
Journal of Theoretical Biology 7, 1-16 and 17-52.

Hemmer, H. (1990) Domestication: the Decline of Environmental Appreciation.
Cambridge University Press, Cambridge, 208 pp.

Hoffman, A. (1982) Punctuated versus gradual mode of evolution: a
reconsideration. Evolutionary Biology 15, 411-436.

Hohenboken, W.D. (1987) Behavioral genetics. In: Price, E.O. (ed.) Farm
Animal Behavior, Vol. 3, Veterinary Clinics of North America: Food
Animal Practice. W.B. Saunders, Philadelphia, pp. 217-229.

Houle, D. (1992) Comparing evolvability and variability of quantitative traits.
Genetics 130, 195-204.

Kretchmer, K.R. and Fox, M. (1975) Effects of domestication on animal
behaviour. The Veterinary Record 96, 102—108.

Lerner, RM. (1992) Final Solutions: Biology, Prejudice, and Genocide.
Pennsylvania State Press, University Park, Pennsylvania, 238 pp.

Lorenz, K. (1965) Evolution and Modification of Behavior. University of
Chicago Press, Chicago.

Lorenz, K. (1974) Civilized Man’s Eight Deadly Sins. Methuen, London.

Lush, J.L. (1947) Family merit and individual merit as bases for selection, I, II.
American Naturalist 81, 241-379.

MacArthur, R.H. and Wilson, E.D. (1967) The Theory of Island Biogeography.
Princeton University Press, Princeton, New Jersey.

Meers, M. (1996) Three-dimensional analysis of differences in cranial
morphology between captive and wild American alligators. (http://
itech.fgcu.edu/faculty/mmeers/res/gatorheads.html)

Montegu, A. (1989) Growing Young, 2nd edn. Bergin & Garvey Publishers, New
York.

Morey, D. (1994) The early evolution of the domestic dog. American Scientist
82, 336—-347.

Olesen, 1., Groen, A.F. and Gjerde, B. (2000) Definition of animal breeding
goals for sustainable production systems. Journal of Animal Science 78,
570-582.

Pianka, E.R. (1970) On ‘v’ and ‘K’ selection. American Naturalist 104, 592-597.

Price, E.O. (1984) Behavioral aspects of animal domestication. The Quarterly
Review of Biology 59, 1-32.

Price, E.O. (1998) Behavioral genetics and the process of animal domestication.
In: Grandin, T. (ed.) Genetics and the Behavior of Domestic Animals.
Academic Press, San Diego, pp. 34-35.

Ratner, S.C. and Boice R. (1969) Effects of domestication on behaviour. In:
Hafez, E.S.E. (ed.) The Behaviour of Domestic Animals. Williams and
Wilkins, Baltimore, Maryland, pp. 3—18.

Reinhardt, V. and Reinhardt, A. (1981) Cohesive relationships in a Zebu cattle
herd (Bos indicus). Behaviour 77, 121-151.

Ricker, J.P., Skoog, L.A. and Hirsch, J. (1987) Domestication and the behavior—
genetic analysis of captive populations. Applied Animal Behaviour
Sciences 18, 91-103.



110 W.R. Stricklin

Rosenblatt, J.S. and Schneirla, T.C. (1962) The behaviour of cats. In: Hafez,
E.S.E. (ed.) The Behaviour of Domestic Animals. Williams and Wilkins,
Baltimore, Maryland, pp. 453—488.

Shea, B.T. (1989) Heterochrony in human evolution: the case for neoteny
reconsidered. Yearbook of Physical Anthropology 32, 69-101.

Spurway, H. (1955) The causes of domestication: an attempt to integrate some
ideas of Konrad Lorenz with evolution theory. Journal of Genetics 53,
325-362.

Stricklin, W.R. (1983) Matrilineal social dominance and spatial relationships
among Angus and Hereford cows. Journal of Animal Science 57,
1397-1405.

Stricklin, W.R. and Kautz-Scanavy, C.C. (1984) The role of behavior in cattle
production: a review of research. Applied Animal Ethology 11, 359-390.

Stricklin, W.R. and Mench, J.A. (1987) Social organization. In: Price, E.O. (ed.)
Farm Animal Behavior, Vol. 3, Veterinary Clinics of North America: Food
Animal Practice. W.B. Saunders, Philadelphia, 307-322.

Stricklin, W.R. and Swanson, J.C. (1993) Technology and animal agriculture.
Journal of Agricultural and Environmental Ethics 6, 67—80.

Tchernov, E. and Horwitz, LK. (1991) Body size diminution under
domestication: unconscious selection in primeval domesticates. Journal
of Anthropological Archaeology 10, 54-75.

Tennessen, T. and Hudson, R.J. (1981) Traits relevant to the domestication of
herbivores. Applied Animal Ethology 7, 87—102.

Trut, L.N. (1999) Early canid domestication: the farm-fox experiment.
American Scientist 87, 160—169.

Vila, C., Savolainen, P., Maldonado, J.E., Amorim, L.R., Rice, J.E., Honeycutt,
R.L., Crandall, K.A., Lundeberg, J. and Robert, K.W. (1997) Multiple and
ancient origins of the domestic dog. Science 276, 1687-1689.

Wilson, E.O. (1975) Sociobiology: the New Synthesis. Harvard University Press,
Cambridge, Massachusetts, 697 pp.

Wood-Gush, D.G.M. (1983) Elements of Ethology: a Textbook for Agricultural
and Veterinary Students. Chapman & Hall, London, 240 pp.

Zeder, M.A. and Hesse, B. (2000) The initial domestication of goats (Capra
hircus) in the Zagros Mountains 10,000 years ago. Science 287, 2254—2257.

Zeuner, F.E. (1963) A History of Domesticated Animals. Harper & Row, New
York, 560 pp.

Zirkle, C. (1952). Early ideas on inbreeding and crossbreeding. In: Gowen, J.W.
(ed.) Heterosis: a Record of Researches Directed Toward Explaining and
Utilizing the Vigor of Hybrids. Iowa State College Press, Ames, Iowa,

pp. 1-13.



The Social Behaviour of 1
Domestic Species

It has been suggested that two approaches to studying animal behav-
iour are: (i) to choose a topic and study it across species or (ii) to choose
a species and learn about all facets of its behaviour. In a sense this book
has attempted to combine the two approaches. In Part IT of the book we
examine the details of social behaviour within several farmed species.
It is a recognition that each species has its own unique social behav-
iour, and that management methods must reflect these differences.

It has been our philosophy that, to understand social behaviour in
the commercial context, one must first understand the social character-
istics that have enabled that species to survive for thousands of genera-
tions in its evolutionary environment. Thus, we have asked the authors
to begin their chapters with a description of the basic social characteris-
tics of their species. They have then moved from the general to the
applied, as they describe the social behaviour of their species under
commercial conditions. Finally, they have examined issues in the
management and welfare of the animals arising from social behaviour.
It is our intent that, once a reader is familiar with one species covered
in this section, they could easily find comparable information on
another species in another chapter. To facilitate this we have organized
the sections within each chapter to be as similar as possible. However,
different issues arise for each species, and so the emphasis within each
chapter may vary. In some cases, topics have not been addressed
because they are considered of lesser importance for that species.

We have included chapters on the most significant food-producing
species: cattle, pigs, poultry and sheep. Even though management
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systems for cattle are distinctly different for beef and dairy production,
animals in both systems stem from the same wild stock. This chapter
then provides a look at how the same species exists under two
different management systems. In a similar way, the chapter on poultry
examines several species and how they adapt to systems for meat
production, and one species (chickens) and how it adapts to both
meat and egg management.

Horses were included in this book because of their major role as a
recreational and sporting animal. Management in this case is often
more focused on individuals, perhaps because of their greater value
and interaction with humans. It is interesting that many of the prob-
lems associated with managing horses arise from this individualization
of what is normally a social animal.

The final chapter in Part IT examines the social behaviour of several
species of fish, which have only recently been subject to domestication
and farming. This chapter must address social behaviour in a relatively
general manner as the species included evolved in different habitats,
and are now farmed in quite different ways. This chapter also allows us
to examine the interaction of social behaviour and animal management
from a different perspective from the one those of us who are most
familiar with terrestrial animals are accustomed to. We would encour-
age you, once you have read a chapter on a more conventionally farmed
species, to examine this chapter on fish. We think it will surprise you
how many of the topics and issues are common to both chapters.

In a sense, by spending time on examining the interaction between
social behaviour and management in several important species, we
return to the concept that many aspects of social behaviour are
common to all. After moving from the general to the specific, we then
return to the general again in the final part of the book.
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(Editors’ comments: Female feral and free-ranging cattle live in herds,
which may include mature males, or the males may run in small male
groups or as solitary individuals. Under extensive conditions the herds
have home ranges. Visual, auditory and olfactory cues are used in
communication within these herds. Within herds the relationships within
a family, and affiliative relationships with other animals are strong and
long-lasting.

The development of separate meat and milk industries has resulted
in divergent social paths for managed cattle. Extensively raised beef cattle
exist in near natural social groupings, at least until weaning takes place
at several months of age. In contrast, intensively raised dairy cattle are
often isolated at an early age, or kept in all-calf groups. Many of the
socially mediated problems in cattle are due to this early experience.

An interesting point that the authors make is that the social relationships
within a herd are often beneficial in reducing the effects of stressful
conditions.

5.1 Basic Social Characteristics

Domestic cattle belong to the Bovidae family. This family comprises 14
subfamilies, among them the Bovinae, Ovinae and Caprinae, certain
species of which have been domesticated. Bovinae are the most recent
and advanced of the bovid tribe and are not territorial. Major features of
their social organization include the integration of males and females
into mixed herds, precocial young, group defence, social licking and

OCAB International 2001. Social Behaviour in Farm Animals
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minimal social distance (Estes, 1974). Groups are of variable size but
generally consist of around 20 individuals. In certain circumstances the
gathering of several groups leads to very large herds of up to hundreds
or even thousands of animals (e.g. bison, Lott and Minta, 1983; African
buffalo, Sinclair, 1977). Outside the rutting period, males are either
solitary or in male groups of from two to ten 3- or 4-year-old individu-
als. These groups are less cohesive than female groups.

The only representatives of the genus Bos are the domesticated
species Bos taurus and Bos indicus. However the observation of feral
cattle can provide a basic understanding of the social structure and
behaviour of the ancestral wild species, namely the auroch (Bos
primigenius, Bojanus), which became extinct in 1627. Few populations
of cattle in the world are really feral. These include the feral cattle of
Amsterdam, an island southwest of Madagascar (Daycard, 1990), the
Maremma cattle in Italy (Lucifero et al., 1977), a population of 140
animals running in the south of Spain (Lazo, 1994) and a herd in the
Orkney islands (Hall and Moore, 1986). A special case is that of the
Chillingham cattle kept in a closed park, in northern England, for more
than 700 years with minimal human interference (Hall, 1986). Among
observations of domestic cattle that are free ranging for at least part of
the year are those of the Camargue cattle (Schloeth, 1961), a herd in
Utah (Howery et al., 1996) and a small mixed herd on the Isle of Rhum
(Clutton-Brock et al., 1976).

5.1.1 Composition and structure of social groups

On Amsterdam Island, females were often associated with two calves:
one recently born and a yearling. Apart from this basic structure,
Daycard (1990) observed three main types of groups: (i) groups of
females of all ages with some sub-adult males (mean group size 10.5
animals); (ii) adult and sub-adult males, of which a high proportion
were solitary adult males (mean group size 3.5 animals); and (iii) mixed
groups of adult males and females mainly during the mating season
(mean group size 18 animals). The young males were often associated
with other sub-adult males or with adult males, whereas the females
were more often associated with the adult females (Lésel, 1969;
Daycard, 1990; Berteaux and Micol, 1992).

In the Chillingham herd, adult cows, heifers and young bulls form
mixed groups, whereas males more than 4 years old live in male groups
of up to three animals. However, during the winter period, when hay is
provided at one point of the park only, the various bull groups are
forced to come into contact (Whitehead, 1953; Hall, 1986). Large mixed
groups of males and females are the rule in the herd in the south of
Spain (Lazo, 1994) but the number of males in this case was very low.
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5.1.2  Use of space

On Amsterdam Island, males and females occupy different home
ranges (Lésel, 1969). Specific home ranges have been described for
cattle in the south of Spain (Lazo, 1994) and Utah (Howery et al., 1996).
This strategy could increase the global feeding efficiency, but Swona
cattle foraged as a single group in winter and there was no sign of home
ranges (Hall and Moore, 1986). Inter-herd dominance relationships
have been described (Lazo, 1994) and affects the use of specific parts
of the environment. When a home range exists, it is learned by calves at
an early age (Howery et al., 1998).

5.1.3 Communication (see Section 2.3)

Visual communication

Visual signals are one of the most important means of communication
in cattle. Grazing mammals have wide-set eyes and panoramic vision,
an adaptation for survival as prey animals. Their angle of vision is
approximately 320°. Cattle have only 1/22 to 1/12 the visual acuity of
humans (Entsu et al., 1992). Colour vision has been demonstrated by
operant experiments (Soffié et al., 1980; Gilbert and Arave, 1986; Riol
et al., 1989).

Body language or visual signals may involve movements of the
entire body or only parts of it. Facial expressions are poor in cattle com-
pared with horses. In contrast, the mobility of the head allows displays
in which its position with respect to the body plays an important role,
e.g. in aggressive or submissive displays (Schloeth, 1958). Tail position
does not seem to play an important role in communication in cattle,
with the possible exception of cows in oestrus. The position of the tail
is mostly an indicator of a cow’s mood and activity (Kiley-Worthington,
1976; Albright and Arave, 1997). Bulls are attracted by the sight of
oestrous females mounting each other (Kilgour et al., 1977; Baker and
Seidel, 1984/85).

Vocal communication

Cattle like other gregarious grazing mammals use vocalizations
to communicate although to a lesser extent than do forest-dwelling
species. Eleven different acoustic signals have been reported for
Camargue cattle by Schloeth (1961). Using sonograms, Kiley (1972)
described six different types of calls; however, they are more like a
continuum. In cattle, vocalizations do not seem to be specific to the
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situation but to the degree of excitement and interest in the stimulus
(Kiley, 1972). Most are related to frustration and stress (for example,
an isolated animal seeking conspecifics or animals anticipating a
pleasurable event such as water, food or milking).

Olfactory communication

The considerable number of odoriferous glands (interdigital, infra-
orbital, inguinal, sebaceous glands, etc.) present in cattle suggests the
importance of olfaction in their social life. Olfactory cues are important
in social, sexual and maternal behaviour. Both the main olfactory
system (olfactory bulbs) and secondary olfactory system (vomeronasal
organ) are used. The flehmen response, in which the animal presents a
special facial expression, allows the animal to put odours into direct
contact with the vomeronasal organ (for a review see Albright and
Arave, 1997).

Olfaction is of importance in social relationships as it contributes
to individual recognition. Cattle can be trained to individually discrim-
inate between conspecifics through olfactory cues alone (Baldwin,
1977). The role of olfaction in the determination and maintenance of
social rank has been studied in groups of unfamiliar cows deprived
of the sense of smell by surgical removal of the olfactory bulbs. Neither
the establishment of rank order nor its maintenance differed from
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Fig. 5.1.  (a) Mean (k) behavioural reactions of heifers when placed in an
unfamiliar arena in the presence of a non-stressed (hatched bars) or stressed

(black bars) conspecific (n = 8 per treatment). (b) Influence of the odour of urine
from non-stressed (hatched bars) or stressed (black bars) conspecifics on the feeding
behaviour of heifers. Urine samples were placed under the food in an unfamiliar
arena (n = 10 per treatment) (means and Sg; **P < 0.01; *P < 0.05). (From Boissy
etal., 1998.)
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that in intact animals (Mansard and Bouissou, 1980; Bouissou, 1985).
However, steers whose vomeronasal organs have been plugged and
cauterized were more aggressive and tended to attain higher social
rank than controls (Klemm et al., 1984). On the other hand, spraying
lactating cows with aniseed oil reduces the frequency of aggressive
acts and alleviates the reduction in milk yield following regrouping
(Cummins and Myers, 1991).

Finally, animals can communicate their psychological state,
especially when frightened or stressed, by means of pheromones.
Heifers are slower to learn a task if they are in the presence of stressed
conspecifics, and their latency in approaching a bucket containing food
is increased in the presence of urine of stressed peers (Boissy et al.,
1998; see Fig. 5.1).

Tactile communication

This type of communication has been far less documented, although it
is important in sexual and maternal behaviour, in establishing rank
order, in affiliative relationships (allogrooming) and in human—animal
relationships.

5.1.4 Intra-group interactions

Male-male

The social system of the wild Bovinae is characterized by a dominance
hierarchy between adult males (Estes, 1974). In feral cattle this hierar-
chy has been observed between adult males and also in the bachelor
groups where sub-adult males live together. Dominance relationships
between males are less stable from year to year than those between
females, and middle-aged males (3—5 years) tend to be dominant. In the
Chillingham herd an older male is dominant and is responsible for all
mating. In a herd of Camargue cattle Schloeth (1961) stated that among
ten bulls only the two highest-ranking ones were observed copulating.
Aggressive behaviour is the most prevalent of the social activities
recorded for both bulls and steers maintained together on pasture
(Kilgour and Campin, 1973; Hinch et al., 1982a). There is also a high
incidence of sexual behaviour. Until 18 months of age bulls and steers
have similar spatial requirements (Hinch et al., 1982b), although, when
older, bulls become more ‘territorial’ (Kilgour and Campin, 1973).

Female—female

The interactions between cows have rarely been described for feral
animals. In the Chillingham herd, no particular associations between
individuals have been found, but strong affinities exist among classes,



118 M.-F. Bouissou et al.

e.g. high-ranking females tend to associate with high-ranking males
(Hall, 1986). Clutton-Brock et al. (1976) concluded that the hierarchical
organization of free-ranging cows on the Isle of Rhum is similar to that
of animals raised under human control.

Male—female interactions

Lésel (1969) observed that each day the adult males shift from their
inland higher altitude areas to the lowland ones, where the females are
concentrated, but that they do not maintain close contact with any
specific group of females and there is no ‘harem’ behaviour. On the
other hand, in southern Spain, Lazo (1994) observed several adult bulls
living all year round in each of the four herds.

Parent-offspring (see Chapter 3)

Only a few descriptions of the mother—young relationships of feral
cattle are available. In the Chillingham and Maremma herds, cows
isolate themselves as far as possible from the herd to give birth. The calf
remains hidden for some days before joining the herd with its mother
(Hall, 1986; Vitale et al., 1986). Cows suckle their young until the next
calfis born, but sometimes calves can be suckled after the birth of a sec-
ond one, thus leading to starvation of the younger calf (Bilton, 1957).

For some days before calving, domestic cows running free on
pasture are restless (Hafez, 1974) and may isolate themselves from the
group (Wagnon, 1963; Edwards, 1983). Apparent isolation could be
the result of reduced mobility arising from the cow remaining near
the amniotic fluids, which are very attractive for her (George and
Barger, 1974). A large percentage of cows stay in sheltered areas during
calving, especially when climatic conditions are harsh (Scheurmann,
1974; Le Neindre, 1984).

During the postnatal period (see Section 3.4), cows display protec-
tive behaviour and may attack dogs, foxes (Rankine and Donaldson,
1968) or humans coming close to their calves (P. Le Neindre, unpub-
lished results). During the first few days after birth cows stay close to
their calves although, after this postnatal period, cows begin to spend
more time away from their calves and integrate progressively with the
herd. The postnatal period is essential for the establishment of the bond
between the calf and its dam (Poindron and Le Neindre, 1975). When
cows without previous maternal experience have no contact with any
calves during the first 24 h after calving, they will not later accept being
suckled by a calf (Le Neindre and Garel, 1976; Hudson and Mullord,
1977). However, in contrast to ewes, cows with previous maternal
experience do accept calves even when their first contact with them
is not until the day after birth (Le Neindre and D’Hour, 1988). After
calving beef cows are very selective and suckle only their own calves.
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Generally the calf suckles within the first hour although some calves
were not even suckled for 4 h (Selman et al., 1970a, b). When cows give
birth to twins there are usually no problems in the establishment of the
mother—young relationship (Price et al., 1981; Owens et al., 1985).

Licking is the other important activity of the cows towards their
calves. After birth the cow licks her young for a long time, basically
until it is dry, and the number of lickings per day remains high for more
than 10 months after birth. About 56% of the licking bouts are associ-
ated with suckling. The specific relationship between the dam and her
calf is long-lasting (Le Neindre, 1984; Veissier et al., 1990a). When
cows do not have a new calf the following year, calves still suckle three
times a day at 10 months of age and 1.5 times per day at about 400 days.
However, this relationship is not dependent on the possibility of the
calf obtaining milk (Veissier and Le Neindre, 1989). After the birth of a
new calf, the young of the previous year still have preferential contact
with their dams. Reinhardt and Reinhardt (1982b) observed that in
African zebu, despite the cows actively weaning their calves between
the age of 7 and 14 months, the dam remains the preferred partner.

Among juveniles

Based upon the relationship between the dam and offspring in the days
following the birth, calves can be considered as ‘hiders’ (Lent, 1974).
When not with their mother, they stay alone, concealed in the vegeta-
tion, usually lying down for long periods. Le Neindre (1984) observed
that calves had no neighbour in 12% of the scans made when they were
between the age of 2 and 5 days. However, this period of hiding was
rather short and 3 weeks after birth calves spent most of their time with
other calves even if the number of interactions with them was limited.
This ‘creche’ behaviour has been observed by several authors and
reaches a peak between the 11th and 40th day of life (Vitale et al., 1986;
Sato et al., 1987), and some have observed dams remaining within the
proximity, which they have called ‘cow guards’. Several functions of
this tendency for the young to cluster have been hypothesized, e.g. it
could have an anti-predatory function, it may decrease the negative
influence of flies or allow the socialization of the calves.

The number of interactions of the young with other members of the
herd increases slowly with age and is similar to those observed in
adults. However, they are largely non-agonistic before the age of 2
months. Activities resembling fights occur as soon as 2 weeks of age,
described as ‘mock fighting’ (Reinhardt and Reinhardt, 1982a) although
they are displayed in a different social context from real fights. They
usually start with a solicitation from one of the partners and usually
end abruptly with no evident consequences for either of the two
animals. During the first few months of life, female calves are more
often engaged in play fighting than males. But after 6 months of age it
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is the males who initiate more play fights and are more attractive as
partners (Reinhardt et al., 1978; Vitale et al., 1986). Mock fights are
associated with running games and playful mountings. Other types of
cattle play include gambolling, bucking, kicking, prancing, butting,
vocalizing, head shaking, sporting, goring and pawing. Schloeth (1961)
even described a play-call, a play-specific tail position of calves and
specific play areas of cattle on free range.

During the first months after birth, male and female calves have
similar relationships with their mothers and with the other members of
the herd. However, 10-month-old males have many more interactions
with the other calves (see Section 3.11), especially other male calves,
and with other cows than do the female calves (Reinhardt and
Reinhardt, 1982b; Le Neindre, 1984; Vitale et al., 1986). Young males
progressively form bachelor groups (Schloeth, 1956). At the same age,
females remain very close to their mothers (Kimura and Thobe, 1985).
This probably facilitates the building of a matriarchal relationship with
specific affinities between females (Lazo, 1994), and may be the first
step to the social structure observed in feral cattle.

5.2 Social Behaviour Under Commercial Conditions

5.2.1 Social groupings

Cattle are raised all over the world under very different management
systems. In developing countries, cattle are often associated with
pastoralism. The cattlemen drive their animals so as to find food and
guard them. In developed countries two main types of management are
found. In suckling herds, the cows raise their calves for 4 to 9 months.
During the summer season the cows graze with their calves and usually
there is one bull per herd. When not used for reproduction the males
are gathered together after weaning into fattening units or feedlots. In
contrast, in the modern dairy industry, calves are isolated from their
mothers soon after birth, and in most cases before 3 days of age (see
Section 11.2.3). The female calves are artificially reared and raised in
groups of females until they join the cow herd. The males can be used
as veal calves or raised in fattening units. Groups of dairy cows are
often assembled based on their production and physiological status
(lactating, dry). Artificial insemination is commonly practised.
Different types of cattle are used under these different management
types. They are not only different in their ability to produce meat or
milk, but also in their behaviour. For example, Salers cows, which are
used for beef production, are more selective than Holsteins and actively
reject alien calves. The calves are also different as Salers calves try
to maintain closer contact with their mothers than do Friesians and
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have more problems in adapting to artificial rearing management
(Le Neindre, 1989). These two types of animals appear to be adapted to
specific environments.

5.2.2 Social structure

Social interactions

Social interactions (see Section 2.4) can be roughly divided into
agonistic (including aggressive acts and the responses to aggression,
mainly avoidance reactions) and non-agonistic (including in particular
allogrooming and sexual behaviour).

Several types of threat can be described in cattle according to the
extent of ritualization, from a simple swing movement of the head
to more sophisticated patterns (Schein and Fohrman, 1955; Schloeth,
1958, 1961; Bouissou, 1985) (Fig. 5.2). In the lateral display, which is
also common in other bovids, the animal presents itself laterally, with
the head down, the back arched and the hind legs drawn forward,
showing its largest profile. It also often turns slowly so that it is always
presenting the flank (Schloeth, 1956; Fraser, 1957) (Fig. 5.2f). This
threatening stance is ambivalent and may express a tendency both to
attack and to withdraw. If the threatened animal is slow to submit or
fails to notice the threat, the dominant animal butts. A butt (also called
a bunt) is a blow with the forehead directed at the opponent’s side or
rump, which can seriously injure the victim, especially if the dominant
animal has horns.

However, when dominance relationships are well established,
threats generally induce the retreat of the threatened animal at the
slightest movement of the dominant (Fig. 5.2c). A retreat or withdrawal
is often accompanied by a submissive (or appeasement) posture, in
which the head is low and directed away from the opponent (Fig. 5.2d).
Generally speaking, avoidance reactions or withdrawals follow an
aggression, but, in well-established groups, most of these behaviours
happen without any overt aggression from the dominant animal (Fig.
5.2e). Such retreats can be provoked from significant distances. These
‘spontaneous withdrawals’ constitute, in some groups, more than 90%
of all agonistic acts recorded.

Before the establishment of dominance relationships a threat can
provoke another threat in return. In this latter case, fighting generally
occurs. Fighting among cattle is head to head followed by head to neck
(Schein and Fohrman, 1955; Bouissou, 1985) (Fig. 5.2a and b). There is
much manoeuvring for position as each combatant strives for a flank
rather than a frontal attack. The duration of fights is highly variable,
from a few seconds to nearly 1 h. However, most of them are of short
duration: 80% last less than a minute (Bouissou, 1974a). In prolonged
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Fig. 5.2. Agonistic interactions among cattle. (a) Fights between Hérens cows
at pasture. (b) Exhibition of fighting between Hérens cows. (c) Threat (no. 88)
and avoidance reaction (no. 38) in Hérens cows. (d) Submissive posture (right)
following a threat (left). (e) Spontaneous withdrawals (not provoked by an

aggression). (f) Lateral threat display (no. 88). Photographs by M.-F. Bouissou.

fights, a behaviour called the ‘clinch’ has been described by Schein and
Fohrman (1955). In this, one participant allows the opponent to gain a
flank advantage as it pushes its muzzle between the opponent’s hind
leg and udder. No cow can attack from such a position, and the clinch
is an ideal way for combatants to rest safely. According to Schein and
Fohrman (1955) and Schloeth (1961), under herd conditions agonistic
interactions are much more common between neighbours in social
rank (up to three rank positions apart) than between animals widely
separated on the social scale.

Allogrooming, which has a communicative and social function,
consists mainly in licking of the head, neck and shoulder areas
(Sambraus, 1969; Bouissou, 1985). Anogenital and rump lickings, as
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well as licking of the penis in bulls, are more associated with sexual
behaviour. Lickings are often preceded by a solicitation to be licked,
including the adoption of a special posture with the head and neck
lowered and often with slight bunts under the neck or chest (Bouissou,
1985; Sato et al., 1991). According to Sato (1984) all animals are
groomed, but only 75% of individuals perform grooming. Depending
on the authors, grooming is mainly performed by the subordinate
member of a pair (Fraser and Broom, 1997), more often initiated by the
dominant (Sambraus, 1969), or is independent of the social position of
the groomer (Schloeth, 1961; Bouissou, 1985). More obvious are the
preferences for particular partners. Preferred partners are often animals
of similar age, of neighbouring rank or are related animals (Wood, 1977;
Reinhardt, 1981). Familiarity has a significant effect on licking, whose
frequency increases with the length of cohabitation (Bouissou, 1985;
Sato et al., 1991). Allogrooming may function as a tension-reducing
effect, reinforcing social bonds and the stabilization of social relation-
ships (Sato et al., 1993).

Leadership

Leadership (see Section 2.4) is the ability of an animal to influence the
movements and activities of its group mates. According to Meese and
Ewbank (1973) it is defined as ‘a form of unequal stimulation, acting
possibly through animals of a low threshold of response to a given
environmental change, i.e. certain animals may react faster than
others to environmental change and these may stimulate their fellows’.
All herding animals show leadership—followership behaviour under
various social circumstances. Leadership can be qualified as ‘social’,
concerned with control of aggression and altruistic aspects such as
protection of other members when the group is faced with a danger, or
‘spatial’, concerning group movements (Syme and Syme, 1979).

In spatial leadership, the leader is generally said to be the animal
at the head of the movement. However, it has been suggested by
Leyhausen and Heinemann (1975) that, in fact, the animals responsible
for movements could well be at the rear of the group, thus pushing
the other animals. The capacity to push would be correlated with
dominance, whereas the capacity to incite other animals to follow, or
to pull them along, would be more related to social attractiveness.

Voluntary or forced leaderships (that is, movements forced by a
human) have been studied in cattle in a wide variety of situations:
grazing, during movements to or from the milking parlour, entering
the milking parlour, squeeze chute or crushes, and in various other
management situations, and highly repeatable orders are commonly
observed. However, correlations are low between these various
leadership orders (Beilharz and Mylrea, 1963; Dickson et al., 1967;
Reinhardt, 1973; Arave and Albright, 1981). Reinhardt (1973) reported
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a correlation of 0.41 between dominance and milking order. However,
according to Dietrich et al. (1965), entrance into a milking parlour is
unrelated to body weight, age or dominance, but higher yielding cows
do enter first (Rathore, 1982).

There is generally little correlation between leadership and
dominance order (McPhee et al., 1964; Dietrich et al., 1965). However,
during voluntary movements, middle-ranking cows are generally at the
front of group, high-ranking cows are in the middle and low-ranking
cows at the rear (Kilgour and Scott, 1959; Arave and Albright, 1981).
During forced movements subordinate cows are in front (Beilharz and
Mylrea, 1963).

Dominance relationships

Dominance relationships in cattle have been studied extensively since
the pilot works of Schein and Fohrman (1955) and Guhl and Atkeson
(1959). Various methods have been proposed to assess dominance
(e.g. dominance value) (Beilharz and Mylrea, 1963; Bouissou, 1970,
1985; Reinhardt, 1973; Arave et al., 1977; Soffié and Zayan, 1978;
Le Neindre and Sourd, 1984; Wierenga et al., 1991). Although the mere
observation of a group can be sufficient to determine relationships
among animals, this may constitute an arduous and tedious task for
large groups or groups with low social activity. For these reasons
several methods based on competition for a desired resource have been
proposed (Bouissou, 1970; Friend and Polan, 1978; Stricklin et al.,
1985; Rutter et al., 1987) (Fig. 5.3). (For a recent review of dominance
establishment and assessment see Albright and Arave, 1997.)

In wild ungulates, the young animal is integrated into the pre-
existing social structure based partly on its age and mother’s social
position. Schloeth (1961) observed in the Camargue herd, under semi-
natural conditions, that dominance relationships develop gradually
and are still somewhat unstable at 12 months of age. In zebu cattle,
dominance relationships are apparent in the fifth month (Reinhardt
and Reinhardt, 1982b).

At a very young age, especially among artificially reared dairy
calves, agonistic interactions tend to be bidirectional and bunts often
fail to elicit withdrawal (Bouissou, 1977, 1985; Canali et al., 1986).
However, social hierarchy can be established at a young age, depending
on the animals’ experience and the social context. Dam-reared calves
establish dominance relationships at an earlier age than artificially
reared ones (on average 4—5 months vs. 9 months), and they learn the
significance of social interactions such as threat displays at an earlier
age (Bouissou, 1985). The appearance of dominance among familiar
animals often corresponds to the time of first oestrus, when there
are more social interactions (Bouissou, 1977). The establishment of
dominance between ovariectomized heifers is delayed (Bouissou,
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1985). In the case of unfamiliar animals, 6-month-old heifers are able
to establish clear and stable dominance relationships (Bouissou and
Andrieu, 1977).

Under natural conditions, the introduction of new members into
groups is rare among females, but it is a common practice in animal
husbandry. The most striking feature is that dominance relationships
are established extremely rapidly, in most cases without a fight, and
even without physical contact (Bouissou, 1974b, 1985). The compari-
son of groups of previously unacquainted ‘naive’ (no prior contact with
strangers from birth) or ‘experienced’ heifers (one to five previous
encounters with strangers) demonstrated that social experience
profoundly affects the speed and the means by which dominance
relationships are established. Experienced animals fought less,
established dominance relationships much more quickly and these
relationships were more stable (Bouissou, 1975) (Fig. 5.4a and b).

Dominance relationships among adult females are extremely stable
and may persist for several years. Neither oestrus, ovariectomy nor
pregnancy modifies social rank (Bouissou, 1985). Rank reversals are
less than 10% per year (Beilharz and Mylrea, 1963; Reinhardt and
Reinhardt, 1975; Sambraus et al., 1978). When reversals do occur, they
generally happen suddenly and are difficult to explain. Dominance
relationships are less stable among young animals (Reinhardt and
Reinhardt, 1975) and among males (Bouissou, 1985).

It is very difficult to modify dominance relationships experimen-
tally either by manipulation of social experience (being dominant

A ol Lakid
Fig. 5.3. Food competition tests between heifers: the dominant animal (left)

controls the food during the entire period. The subordinates often do not try to get
access to food. (From Bouissou, 1970.)
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Influence of social experience on the speed (a) and mode (b) of
establishment of dominance relationships in ten groups of four previously
unacquainted heifers (five in which the animals had never been exposed to
strangers, five in which they had had such experience). (a) Cumulative percentage
of established relationships during the first hour following the regrouping of the
animals. (b) The bars indicate the proportion of relationships (30 per treatment)
decided after each type of interaction (fights, butt, threats or withdrawals); in the
remaining cases it was impossible to determine which interaction was responsible
for the establishment of the relationship. *P < 0.05; **P < 0.01; ***P < 0.001.
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or submissive in other groups), or by modifications of physical
appearance (colour or odour modifications, adorning with larger false
horns, etc.) (Bouissou, 1985). However, Bouissou (1978, 1990) was able
to completely change the social order of established groups of cows by
treating half of the animals with testosterone propionate or oestradiol
benzoate. Treated animals invariably became dominant over non-
treated ones without modifying the relationships between themselves,
and such rank reversals are long lasting even after the cessation of
treatment.

Fights are limited to the first days, even the first hours, after meet-
ing. Thereafter relationships are generally maintained by threats from
the dominant and avoidance reactions from the subordinate, without
physical contact. Therefore, non-contact senses such as vision and
olfaction seem to be of importance in the maintenance of relationships.
However, dominance relationships are not modified by deprivation of
sight, and can be revealed by food competition tests under controlled
conditions (Bouissou, 1971) (Fig. 5.5). Moreover, 80% of dominance
relationships were maintained in a group of anosmic cows after they
had been blindfolded (Mansard and Bouissou, 1980). On the contrary,
even if not necessary, physical contact should remain possible.
Different types of separations have been used to improve feeding time
of subordinate cows and it has been shown that the protection of the
head is of major importance (Bouissou, 1970).

According to most authors, age is important in determining social
position (Cummins and Myers, 1991; Kabuga, 1992a, b). However, it is

Fig. 5.5. Food competition test
between cows deprived of sight. (a)
Control situation: dominant cow (right)
prevents subordinate from feeding. (b)
The same interaction when the animals
are deprived of sight by a blindfold. (c)
The subordinate cow has no access to
food and stands aside. (From Bouissou,
1971.)
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almost impossible to control for other factors, as age is often associated
with seniority in the group, weight and experience. Many authors have
reported a correlation between social rank and weight or height at the
withers (Schein and Forhman, 1955; Guhl and Atkeson, 1959; McPhee
et al., 1964; Dickson et al.,, 1967; Arave and Albright, 1976, 1981;
Sambraus et al., 1978; Kabuga, 1992a, b). However, the existence of a
correlation between weight and rank does not necessarily prove the
influence of weight, for weight could instead be a consequence of a
high social rank. Horns have been thought to be of importance in
determining rank, and farmers often believe that removing horns will
modify the social order. Although the presence of horns confers a
significant advantage at the time when the social order is being
established, the removal of horns in a well-established group modifies
only a few relationships, if any (Bouissou, 1985).

Early experience, including rearing conditions, influences social
position in adulthood. Warnick et al. (1977) found that group-reared
calves were dominant over individually reared and isolated calves.
Salers heifers that had been bucket-fed were less dominant than those
reared by a foster mother, whereas the rearing conditions had no effect
on Friesian heifers (Le Neindre and Sourd, 1984). Bouissou (1985) com-
pared dominance ability of calves reared in complete isolation from
birth to 6 months of age, then first regrouped with calves reared in the
same conditions, and finally with group-reared calves. There was no
difference in dominance ability between isolated and group-reared
calves. The differences between these results and those of other studies
could be explained by the fact that the animals had first been grouped
among themselves, and thus had gained social experience, whereas, in
other studies, they were grouped just at the end of individual rearing or
isolation. It seems that the consequences of social deprivation have no
long-lasting effect in cattle (Bouissou, 1985; Arave et al., 1992).

The social status of the young does not appear to be determined
by its dam (Le Neindre, 1984; Bouissou, 1985). In a study of groups
of cows including granddam—dam—daughter families, Stricklin (1983)
concluded that granddam and dam were always dominant over their
adult offspring.

Genetic influences on dominance have been demonstrated in
several studies (Stricklin, 1983; Le Neindre, 1984; Mench et al., 1990;
Kabuga et al., 1991). Dominance among heifers raised separately
from their mothers from birth has been reported to be poorly heritable
(Dickson et al., 1970). However, identical twins or clones are difficult
to rank with respect to each other, having the same rank in a larger
group. It is possible to exchange individual twins between the groups
without modifying the social structures (Bouissou, 1985; Purcell and
Arave, 1991). It may be that the other members of the group are unable
to distinguish one twin from the other (Bouissou, 1985).
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Temperament, including emotional reactivity or fearfulness, is
probably one of the most important factors in determining social
position. High-ranking animals withdraw less often from their own
superiors, and future dominant calves also withdraw less often before
relationships are established. When anosmic, blindfolded, unfamiliar
cows first meet, some animals consistently withdraw as soon as they
perceive another, and thus become subordinate. Thus, fearfulness
seems to play a critical role in the establishment of the relationships
(Bouissou, 1985). In a series of experiments aimed at modifying
dominance relationships in stable groups of cows, or influencing future
social rank of individuals (either calves or adults) using androgen
treatment, Bouissou (1978), Bouissou and Gaudioso (1982) and Boissy
and Bouissou (1994) clearly demonstrated that the higher dominance
ability consistently attained by treated animals was the result of a lower
fear of conspecifics, as well as a lower general reactivity.

Affiliative relationships (see Section 2.4)

The basis of social organization in most ungulates is a matriarchal
group, in which aggressive behaviour is rare and dominance relation-
ships difficult to reveal. This suggests that preferential relationships
exist between members of these groups and are responsible for their
cohesion. In cattle, affinities include spatial proximity, reduced aggres-
siveness, enhanced positive interactions and tolerance in competitive
situations. Such relationships can remain stable for several years
between dams and their offspring or even unrelated animals
(Reinhardt, 1981). Twins often present strong affinities, but the same is
true for unrelated calves reared together (Ewbank, 1967). Heifers reared
in the same group from birth were less aggressive among themselves,
exchanged more non-agonistic interactions, remained spatially associ-
ated during feeding and resting and were more tolerant in a food-
competitive situation than heifers of the same herd but with which they
had not been reared (Bouissou and Hévels, 1976a, b). The period from
birth to 6 months of age is the most suitable for the complete develop-
ment of such preferential relationships, and could be limited by the
development of dominance relationships around puberty in Friesian
heifers (Bouissou and Andrieu, 1978). The existence of such relation-
ships is of economic importance as it reduces the unfavourable conse-
quences of the existence of dominance relationships for subordinates.

5.2.3 Effects of group size and space allowance on social behaviour
High social density (minimal space allowance per individual) and large

group sizes reduce human labour and building costs. However, they
alter the behaviour and the production of animals. Under crowded
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conditions an animal cannot maintain individual distances and is
forced to move around to avoid superiors. In calves, a negative correla-
tion is found between agonistic behaviour and space allowance (Kondo
et al., 1989). In cows, increased social aggressiveness occurs under high-
density husbandry (Hafez and Bouissou, 1975; Kondo et al., 1989). Under
conditions of excessively large group sizes (see Section 2.5), individual
animals appear to have difficulty memorizing the social status of all
peers, which increases the incidence of aggressive interactions, in both
dairy (Hurnik, 1982) and beef cattle (Stricklin et al., 1980).

Most of these conditions are associated with physiological
responses indicative of chronic stress. For example, daily gain of
heifers and bulls is lower when they have a low space allowance than
when they have more space (Andersen et al., 1997; Mogensen et al.,
1997). Overcrowding due to insufficient number of headlocks or inade-
quate manger spaces per cow has a greater impact on behaviour and
well-being than does group size per se (Albright and Arave, 1997).

5.3 Social Behaviour, Management and Welfare

Cattle are highly adaptable and generally they respond well to modern
farming practices. However, this adaptive ability can be overwhelmed.
For instance, the intensification of animal housing and management
can cause social disturbances resulting in behavioural problems, which
in turn may affect productivity and welfare. Social constraints are of
lesser importance for cattle reared in open rangelands or at pasture,
although social relationships among animals in extensive husbandry
may also have implications on productivity. On the other hand, social
environment has positive effects on individual adjustments to the
environment through social facilitation or learning.

5.3.1 Influence of social partners

During exposure to stressful events, the social group can lower the
subject’s arousal. For example, heifers are less likely to avoid an
unusual noise in the presence of penmates (Boissy and Le Neindre,
1990). In a novel arena, heifers seem less afraid of the situation when
they are with social partners than when they are alone (Veissier and Le
Neindre, 1992). Animals are not only aware of the presence of partners,
but also of their emotional state. When heifers are exposed to a novel
environment, they show a lower tendency to feed in the presence of a
stressed partner than in the presence of an unstressed one (Boissy et al.,
1998). Social influences are likely to be mediated by olfactory signals
contained in urine. Heifers are more reluctant to approach a novel
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object or to go along a corridor when air containing volatile compounds
of the urine of a stressed animal has been sprayed (Boissy et al., 1998;
Terlouw et al., 1998).

Foraging with experienced social partners decreases food
neophobia and facilitates acceptance of novel foods by naive animals
(Ralphs et al., 1994). Likewise, cattle learn to avoid a harmful food by
observing their conspecifics avoiding this food, or vice versa. Calves
that have been previously trained to avoid eating a plant begin to graze
this plant when placed with naive cattle that are grazing this plant
(Ralphs and Olson, 1990). Social partners can also influence distribu-
tion patterns in cattle while grazing in free-ranging conditions. Adult
cattle return to the locations where they were reared as calves by their
dams (Howery et al., 1998).

5.3.2  Grouping animals

Regrouping and mixing of unfamiliar animals are common practices in
beef and dairy husbandry. More than a tenfold increase in agonistic
interactions can be observed during the hours following mixing. Many
studies report behavioural and physiological consequences of repeated
social changes that could reflect social stress in dairy and beef cows
(Arave and Albright, 1976; Kondo et al., 1984, 1994; Mench et al.,
1990). Introducing strange cows into a stable herd affects mean weight
gain, not only for the introduced animals but also for the whole herd
(Nakanishi et al., 1991). It is common to regroup cows during lactation
according to milk yields and it is said that this usually does not
adversely affect production (Arave and Albright, 1981; Konggaard
et al., 1982). However, a reduction in milk production after regrouping
has been reported by Hasegawa ef al. (1997) and this can reach 4%
during the first 5 days (Jezierski and Podluzny, 1984).

5.3.3 Separation problems (see Chapter 12)

Rearing in isolation

Early isolation can have profound effects on the reactivity and on the
subsequent social behaviour of calves. De Wilt (1985) and Webster
et al. (1985) reported that veal calves reared in individual crates are
easily alarmed and Veissier et al. (1997) found that the hyper-reactivity
is further increased when all physical and visual contact between
calves is suppressed. The hyper-reactivity of calves reared in crates
(Trunkfield et al., 1991) or the increased response to mixing (Warnick
et al., 1977; Waterhouse, 1978; Bouissou, 1985) may be responsible for
more intense reactions during transport.
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Physiological changes due to isolation during rearing have been
reported in dairy calves (Arave et al., 1974). Calves reared in individual
crates can have lower weight gains than calves reared in groups
(Warnick et al., 1977; Veissier et al., 1994). In contrast, other authors
(Purcell and Arave, 1991; Arave et al., 1992) found no detrimental
effect of calf isolation on their milk production as cows.

Separation from the dam at weaning

Suckler calves are often separated from their dam for artificial weaning
at about 8-9 months of age. This weaning seems highly stressful to
calves, as shown by the increase in plasma cortisol level and the
disruption of the circadian rhythm of activity (Veissier et al., 1989a, b).
At the time of weaning the young receives only a small percentage of its
energy from the milk of its dam (Le Neindre et al., 1976). Hence the
stressful aspects of this abrupt weaning seem to result from the separa-
tion. The calves try to compensate for the lack of their favourite partner
by strengthening bonds with peers (Veissier and Le Neindre, 1989).
This compensation seems to be effective 3 weeks after weaning since at
this time calves prefer other calves to their dam (Veissier et al., 1990b).
The reactivity of calves to external events is altered after this
late weaning. During the 2 weeks following weaning, they react very
actively to being handled in a crush and have higher cardiac responses
to conditioned fear. They are also better at learning a route in a T-maze
(Veissier et al., 1989a). It is suggested that weaning can be used by
farmers to accustom animals to a new environment and to acquire the
proper responses to it. Indeed, the post-weaning period can be used to
habituate calves to further human contact (Boivin et al., 1992).

Temporary separation from the group in adulthood

In adult animals, temporary separation from the usual group elicits an
immediate increase in locomotion, heart rate and plasma cortisol levels
(Adeyemo and Heath, 1982). Stockmen can be prone to accidents
especially when they separate an animal from others and when this
animal tries to rejoin its group. Holstein heifers are less disturbed by
the separation from their group than Aubrac heifers (Boissy and Le
Neindre, 1990), and appear better adapted to some husbandry prac-
tices, like entering an automatic feeding machine or a milking robot.

5.3.4 Dominance-related problems

Dominance (see Section 1.5) is a potentially adaptive mechanism
which can become maladaptive in certain circumstances, such as when
the social structure of the group is frequently changed, or in any
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situation where some resources are limited. Many studies have
shown that dominant animals get advantages when food availability
is reduced or in the case of food supplementation (Bouissou, 1985;
Manson and Appleby, 1990). Position at the food trough is not random
as some animals have preferred places (Bouissou, 1985), which can be
of importance in the case of unequal mechanical feed distribution.
Social relationships also influence positions at the feeder: the greater
the difference in rank, the further apart the animals are (Manson and
Appleby, 1990). The more intense the competition (reduction in trough
length), the stronger the correlation between food intake and domi-
nance value (Friend et al., 1977). Even when food is permanently avail-
able and when cows have access to food during the night, low-ranking
animals eat and gain less than the others (Bosc et al., 1971; Metz and
Mekking, 1978). Surprisingly, most authors have found no correlation
(Reinhardt, 1973; Soffié et al., 1976; Friend and Polan, 1978) or only a
low correlation between social rank and milk production (Barton et al.,
1974). Dividing the feed trough with protective barriers reduces the
effect of dominance on eating behaviour (Bouissou, 1970).

Social position also affects the use of lying space as high-ranking
animals have priority to choose the best cubicles (Friend and Polan,
1974). Sometimes low-ranking animals cannot enter shelters if a
dominant animal is in their way or in front of the door. Resting time of
low-ranking animals can also be reduced in loose housing (Bouissou,
1985). Bouissou (1985) found that the adrenal glands of the subordinate
cows were significantly hypertrophied compared with glands of the
dominant cows. In addition, Kay et al. (1977) found a correlation
between the number of leukocyte cells in the milk and the social rank.
However, no correlation between blood cortisol levels and rank was
found by Adeyemo and Heath (1982) or Arave et al. (1977). Likewise,
no differences in cortisol or neutrophil/lymphocyte ratio were found in
groups of steers with varied access to the feeder (Corkum et al., 1994).

Reproduction can also be affected. When several bulls are kept with
females and the number of oestrous females is low, the dominant male
interrupts the mounting attempts of its subordinates (de Blockey, 1978).
The dominant males in groups produce the majority of the calves
(Lehrer et al., 1977; Rupp et al., 1977). The fact that the dominant has
priority of access to females can be a problem if its fertility is low.

5.3.5 Abnormal behaviour

Aggression towards people (see Chapter 14)

Aggression towards the caretaker by cattle is rare but of great
importance due to risk of accidents (Albright and Arave, 1997). Young
bulls can engage in social play with a caretaker and this can turn into
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dangerous butts. Adult bulls can engage directly in aggressive inter-
actions with the caretaker. Dairy bulls might be even more aggressive
than beef bulls, probably due to early rearing in social isolation,
which prevents the development of a proper social behaviour (Price
and Wallach, 1990). Cows can also be aggressive, e.g. when they are
with their offspring (at calving and, less frequently, later on).

Abnormal sexual behaviour

Excessive sexual behaviour is sometimes displayed by female and male
cattle. Nymphomania is observed in cows with ovarian cysts producing
oestrogens. They can be treated by removal of the cyst or by administer-
ing gonadotrophin or gonadotrophic releasing hormone (Albright and
Arave, 1997). In groups of intact or castrated males which have no
contacts with females, excessive mounting (buller-steer syndrome) can
be observed, with a particular bull (called ‘rider’ or ‘bullee’) always
mounting the same animal (‘buller’) (for a review see Blackshaw et al.,
1997). This syndrome is of economic importance because of injuries
to the bull being ridden, decreased weight gain and even death. At pres-
ent, separating the buller from the group is the only effective treatment.

Abnormal behaviours due to the social environment

Cattle reared in intensive conditions can display behaviours that are
considered to be abnormal, such as cross-sucking, biting objects and
tongue rolling (see Albright and Arave, 1997). Cross-sucking (of mouth,
ears, scrotum and prepuce of penmates) often occurs after a milk meal
in calves fed from buckets (Lidfors, 1993). Prepuce sucking can lead to
urine drinking and abscesses. The taste of milk is known to trigger
sucking (de Passillé et al., 1992) and non-nutritive sucking is reduced
when calves are fed milk through a nipple (Hammel et al., 1988).
Cross-sucking can be prevented by blocking the calves at the feeding
gate for a while after milk meals, rearing calves in individual crates or
tethering them for 8 weeks before putting them in groups (Wiepkema,
1987), or providing non-nutritive teats (de Passillé and Rushen, 1997).
Cross-sucking directed to the udder can occur in adult cows and affect
the health of the udder. In this case, a nose-ring weaner (with sharp
points) is used to prevent cross-sucking.

Social isolation can increase oral non-nutritive behaviours. Isolated
calves spend more time licking objects than calves having contact with
their neighbours (Waterhouse, 1978). Calves reared in individual crates
also spent more time in tongue rolling compared with calves in groups
(Veissier et al., 1998).

Modern husbandry practices create important constraints on
the environment of the animals including those on their social
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environment. These constraints are of lesser importance in suckling
herds where the calves remain with their dams for months and normal
social development can occur. However, even in this environment,
the calves are actively weaned and gathered into groups of animals of
the same age and sex. The social environment of dairy cattle is very
different from the pasture or rangeland animals. In particular, the
young are isolated from their dams very early, weaned and reared in
groups of calves of the same sex.

Under intensive conditions, the role of dominance relationships is
exacerbated and they seem to play a major role in regulating the group’s
life whereas affiliative relationships appear of lesser importance. How-
ever, under more natural conditions (rangelands) the relative impor-
tance of these two types of relationships is reversed. Environmental
conditions can modulate the expression of social relationships and,
depending on the circumstances, other mechanisms prevail.

Social relationships should not be considered as having only
negative influences, but can also be used as a tool to improve the
adaptation of animals to their environment through social facilitation,
imitation, transmission of information, leadership, social learning, etc.
Thus, training some key animals in a herd to a particular surrounding
or procedure is likely to benefit the whole herd. The possibility of
modulating the impact of social pressure by means of affiliative rela-
tionships created during ontogeny, together with the stress-reducing
effect of peers, could also provide useful means for the alleviation
of problems due to social tension or modifications of the social
environment.

Cattle have adapted differently to specific management techniques
and environments that can be considered as ecological niches into
which different types of animals have evolved (e.g. beef and dairy
breeds). These adaptations do not imply that there is no limit to the
adaptive ability of the animals. We have to define environments so that
the animals can best cope and maximize their health and welfare.
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Saskatchewan S7H 5N9, Canada

(Editors’ comments: Studies on wild, feral and free-ranging pigs reveal
that the most common social grouping is that of several sows and

their juvenile offspring, living within a home range. Within this group
avoidance behaviour is used to maintain the social organization. Males
exist in small groups of young boars, or as solitary males when older,
except during the breeding season when they join the sow and offspring
groups. Another social group is the sow and newborn litter, which exists
for approximately 10 days following parturition.

The large litters are maintained with their mothers for several weeks
under commercial conditions. A unique aspect of managing pigs is the
extensive fostering which occurs among litters at this time, resulting in
changing social groupings. Pigs are typically regrouped either at weaning
or at the beginning of the grow/finish phase of production, or both. It
is interesting that, in a species that normally exists in stable social
groupings of mature females, one of the most common socially mediated
practices is the individual penning of gestating animals. Some of the
greatest challenges in swine management arise from attempts to keep
sows or sows and piglets in groups.)

6.1 Basic Social Characteristics

Our information on the basic or natural social behaviour of pigs is
derived primarily from studies on wild boar, feral and free-ranging
pigs. Wild boar have been studied in their free-ranging state (Fradrich,
1974; Mauget, 1981), production and zoo environments (Schnebel and
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Griswold, 1983; Barrette, 1986; Blasetti et al., 1988). Populations of
feral pigs, not under the control of humans for several generations, have
been studied in the United States (Singer et al., 1981; Graves, 1984)
and New Zealand (Martin, 1975). Domestic pigs have been placed in
free-ranging environments for behaviour studies in Scotland (Newberry
and Wood-Gush, 1986; Stolba and Wood-Gush, 1989), Sweden (Jensen
and Wood-Gush, 1984; Jensen, 1986) and Denmark (Petersen et al.,
1989, 1990).

6.1.1 Composition and structure of social groups

The primary social grouping of pigs consists of two to four sows, their
most recent litters and juvenile offspring of previous litters (Mauget,
1981; Graves, 1984). It is generally believed that the sows are closely
related, either mother—daughter or sibling (full or half) groups. This
assumption is based on the observations that non-member sows are
rarely allowed to incorporate into a group (Stolba and Wood-Gush,
1989). Early associations, particularly among females, often persist into
adulthood (Graves, 1984). The number of sows in a group is likely
dependent upon the availability of resources (see Section 2.5). Larger
groups will exist if food is plentiful, but smaller groups are observed
during seasons of sparse and widely dispersed resources (Mauget,
1981; Graves, 1984).

Within the sow and offspring groups, sows will be dominant to all
other members, and maintain a linear hierarchy within their class
(Mauget, 1981). Similarly, juveniles also maintain a well-defined social
order among themselves. Littermates interact primarily with each other
and with their dam (Newberry and Wood-Gush, 1986; Petersen et al.,
1989). In larger social groups, two or three litters will form preferences
for each other, although they will interact with all other litters to some
extent (Newberry and Wood-Gush, 1986).

During mating season, the sow and offspring group is joined by a
male to form the breeding group (Fradrich, 1974; Graves, 1984; see
Section 1.6). The boar assumes dominance (Mauget, 1981; Schnebel
and Griswold, 1983), while non-breeding females and juveniles remain
on the periphery of the group at this time (Mauget, 1981; Blasetti et al.,
1988).

Juvenile boars leave the sow and offspring group at approximately
7—8 months of age (Fradrich, 1974; Graves, 1984). Small groups of two
or three young boars may exist, particularly during the non-breeding
season (Graves, 1984). However, as boars mature they lead an increas-
ingly solitary life. It is rare to find boars older than 3 years of age in a
group with other boars (Mauget, 1981).
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A temporary social group is formed when a sow leaves the sow and
offspring group to give birth (Jensen, 1986; see Section 3.4). During this
period the sow and newborn group exists in three stages: sow and litter
in or near the nest for 2-3 days; the sow foraging away from the litter
and nest between days 3 and 6; and the sow with following litter from
day 6 to the time of rejoining the primary sow and offspring group
(Stangel and Jensen, 1991).

6.1.2 Use of space

Sow and offspring groups maintain home ranges of 100-500 ha (Wood
and Brenneman, 1980; Mauget, 1981). The size of the home range
will vary with the availability of resources. A central feature of the
home range is the communal nest where all sows and offspring will
sleep except during the farrowing season (Jensen, 1986; Stolba and
Wood-Gush, 1989). The pigs also maintain a distinct dunging zone,
5-15 m away from the sleeping site (Stolba and Wood-Gush, 1989).

Most sows will build their farrowing nest on the periphery of the
group’s home range, at least 100 m away from the communal nest, and
there is evidence that greater separation is favourable to piglet survival
(Jensen, 1989). The farrowing sow and newborns maintain a much
smaller home range, approximately 1 ha in size (Mauget, 1981). During
the initial 2 weeks following their return to the communal nest, nursing
sows maintain a small home range of only 20 ha.

Singer et al. (1981) and Wood and Brenneman (1980) estimated
that the size of home ranges for boars was similar to that of sow and
offspring groups. However, Martin (1975) reported that the maximum
distances between repeated captures of boars were approximately six
times greater than those for sows. The size of the boars’ home ranges
may vary with resources and reproductive seasons. It is also possible
that the greater distances observed for boars represent dispersion rather
than the extremes of a home range.

6.1.3 Communication

Dominant boars mark the environment with odours more than do
subordinate animals, with the metacarpal glands on the front legs being
most commonly used in this behaviour (Mayer and Brisbin, 1986). It is
hypothesized that the secretions of these glands are related to domi-
nance and reproduction (Mayer and Brisbin, 1986), but not to territorial
defence (Fradrich, 1974). Preputial secretions are mixed with urine and
may play a role in the ‘covering’ of urine from sows and other boars
(Mayer and Brisbin, 1986). Salivary pheromones are released in frothy
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saliva of boars, produced in response to sexual stimuli. This saliva may
be deposited on the female during courtship or on trees and bushes
marked by the boars’ tusks (Mayer and Brisbin, 1986; Stolba and
Wood-Gush, 1989). Salivary and preputial pheromones, consisting of
androgens, are involved in eliciting the standing response in oestrous
sows (Signoret, 1970), the induction of oestrus in gilts (Pearce et al.,
1988), and may play a role in synchronizing mating in groups of
sows following their being joined by a boar (Mauget, 1981; Rowlinson
and Bryant, 1982). Females, in turn, will use urine to signal oestrus
(Fradrich, 1974).

Auditory stimuli are used extensively by pigs. Wild and feral pigs
communicate by means of grunts, squeals, snarls and snorts, as well as
by champing of jaws and the clacking of teeth (Fradrich, 1974; Graves,
1984). The vocal repertoire of adult boars includes a ‘roar’ exhibited
during social encounters (Mayer and Brisbin, 1986), and a ‘mating
song’ during courtship (Fradrich, 1974). Piglets use open and closed
mouth grunts and squeals to maintain contact between littermates and
their dam (Fradrich, 1974; Fraser, 1975). Sows use a series of grunts,
varying in frequency, tone and magnitude, to indicate the stages of
nursing to the piglets (Whittemore and Fraser, 1974; Algers, 1993).
Piglets respond with vocalizations as well (Jensen and Algers, 1984). A
nursing bout, including those shortly after birth, is often preceded by
the vocalization of a piglet near the head of the sow (Petersen et al.,
1990). Sows respond to the alarm call of an overlain piglet (Cronin and
Cropley, 1991), and piglet vocalizations are indicative of the degree of
distress experienced (Weary and Fraser, 1995). The role of communica-
tion within a social group is discussed more extensively in Chapter 2.3.

6.1.4 Cohesion and dispersion

Although sows within a social group are likely to be closely related, it
is not clear how new groups form. A new group could form if a sow and
her juvenile female offspring leave, or if several female offspring dis-
perse together without an adult. Artificial systems have been managed
to retain a juvenile daughter within the sow group in order to mimic the
natural pattern (Stolba and Wood-Gush, 1983). A new boar joins the
group for each mating season and so dispersal of young females is
not necessary to avoid inbreeding. However, the high reproductive
capacity of pigs would necessitate the formation of new groups
following a year of abundant resources.

Mauget (1981) and Blasetti et al. (1988) have reported a temporary
dispersal of juvenile males and females during the mating season.
However, these offspring remain nearby and return once the breeding
male departs. Fradrich (1974) and Graves (1984) reported that dispersal



The Social Behaviour of Pigs 151

of juveniles occurs at approximately 7—8 months of age. Males leaving
at this time may form small all-male groups but eventually become
solitary (see Section 1.6).

6.1.5 Inter-group interactions

Solitary males and sow and offspring groups overlap in their use of
space, but do not interact except during the mating season. Sow and
offspring groups may also share common space in their home ranges,
but will not merge to form a single unit. Stolba and Wood-Gush (1989)
observed that two groups maintained a distance of at least 50 m
between them while foraging. Sows added to a free-range system are
not allowed into the common nest for several months. During seasons
of heavily concentrated food resources, such as the acorn or mast
season, sow and litter groups exist in close proximity, but continue to
maintain the integrity of their social group (Graves, 1984).

6.1.6 Intra-group interactions (see Section 2.2)

Male-male

Adult males develop a thick shield of skin on their neck and shoulders
that apparently serves as protection during male—-male aggression. It is
not clear if aggression is involved in the break-up of small male groups
into solitary units, or if the aggression is usually among isolated
males. Under zoo conditions, males have been observed to ‘wrestle’;
an interaction in which two animals are erect upon their hind legs,
supported by each other as they fight (Barrette, 1986). In general,
aggression in pigs will not be head-on, but rather involves lateral
attacks (Fradrich, 1974). Visual displays, such as an arched back,
head down and eyes averted, are used in non-aggressive interactions
(Schnebel and Griswold, 1983).

Female—female

Within sow and offspring groups, sows form a hierarchy, which is
maintained by subordinate animals avoiding dominants, rather than
dominant sows attacking those of lower status (Jensen, 1980, 1982).
Jensen and Wood-Gush (1984) reported that the interactions involved
in this ‘avoidance’ order are similar in free-range and confined condi-
tions, with the exception that ‘aiming’ was only observed in the
spacious situation (Table 6.1). However, dominant sows will displace
subordinates from choice feeding sites (Graves, 1984). In captive
situations, most of these displacements involve rank neighbours
(Schnebel and Griswold, 1983). Stolba and Wood-Gush (1989) reported
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Table 6.1. Agonistic interaction patterns observed among pigs. (Adapted from
Jensen, 1982, and Jensen and Wood-Gush, 1984.)

Behaviour Description
Inverse parallel Pressing of shoulders against each other, facing opposite
pressing directions
Parallel pressing Pressing of shoulders against each other, facing same
direction

Head-to-body knock  Hitting with the snout against the body of the receiver
Head-to-head knock Hitting with the snout against the head of the receiver

Nose-to-nose The nose approaches the snout or head of the receiver

Nose-to-body The nose approaches the body of the receiver

Anal-genital nosing The nose approaches the anogenital area of the receiver

Head tilt The head is lowered and turned away from another animal

Aiming An upward-directed thrust of the snout, slightly directed at
the receiver, from a distance of 2-3 m

Retreat Takes several steps away from the other animal

that aggression among sows within a group was greatest during and
following parturition. Social grooming also occurs within these groups.

Parent-offspring (see Chapter 3)

The focal point of interactions between the sow and her litter during
the first few days after farrowing is the nest. The isolation provided
by the nest allows the sow and piglets to form a bond. In litter-bearing
species, proximity to the nest is the primary means of distinguishing
between offspring and alien young immediately following birth.
Nursing occurs within the nest and involves teat seeking by the piglets
immediately after birth. Piglets move from the rear of the sow towards
her head, usually maintaining contact with the sow as they move. The
sow does little in terms of reorientation to facilitate teat location. Subtle
means of directing the piglet include vocalization, odours from the
mammary and birth fluids, and hair patterns on the sow (Rhode Parfet
and Gonyou, 1991). Piglets often move near the head of the sow,
engage in nose-to-nose contact, vocalize and then begin suckling
(Petersen et al., 1990). During the initial few hours following birth,
nursing shifts from being virtually continuous, to becoming episodic,
occurring at approximately 1-h intervals (Lewis and Hurnik, 1985).
During each episode of nursing a complex pattern of vocalization
occurs which serves to call the piglets and indicate that milk flow is
imminent (Fraser, 1980; see Section 3.7). The piglets, in turn, indicate
their presence and motivation to suckle by massaging the udder of
the sow. The extent of this pre- and post-suckling massage may be a
means of communicating nutritional status to the sow (Algers, 1993).
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The same pattern of nursing continues after the sow and piglets leave
the farrowing nest.

Recognition between the sow and her piglets involves olfactory and
vocal cues (Jensen and Redbo, 1987). Nose-to-nose contacts between
a sow and her piglets are frequent, but decrease over the first 6
days (Stangel and Jensen, 1991). The majority of these contacts are
associated with nursing (Blackshaw and Hagelso, 1990). Other contact
of the piglets with the sow is also extensive. Piglets climb on to the
sow while she is lying and will bite her (Whatson and Bertram, 1983).
Piglets are able to recognize the faeces of their mother within 7 days of
age (Horrell and Eaton, 1984). Sows and piglets respond to the isolation
calls of each other once they begin to leave the farrowing nest
(McBride, 1963; Fraser, 1975).

During the first 10 days after farrowing, sows and piglets will
always lie within 15 m of each other, regardless of whether the sow is
foraging away from the nest. By 6 days of age, piglets begin to follow
their mother when she leaves the nest and eventually the farrowing
nest is abandoned between days 7 and 10 post-farrowing (Jensen, 1986;
Stangel and Jensen, 1991). By 10 days post-farrowing, when the sow
and litter rejoin the main group, a strong bond between the mother and
young exists. After returning to the main sow and offspring group,
piglets remain close to their mother, and interact more intensively with
her than with other sows in the herd, until weaning (Newberry and
Wood-Gush, 1986).

If weaning is defined as the time at which all nursing of a litter
ceases, then piglets are naturally weaned at approximately 17 weeks of
age (Jensen and Recen, 1989). However, weaning may also be consid-
ered a gradual process in which the independence of the offspring from
the sow gradually increases. Weaning in this sense may begin as early
as 4 weeks after birth as the sow begins to reduce her nursing efforts
(Jensen, 1988). This process is characterized by the sow terminating a
greater proportion of, and initiating fewer, nursings (Jensen, 1988;
Jensen and Recen, 1989).

Among juveniles

Other than their mother, sibling piglets have only themselves with
which to interact during the first week of life. Play among piglets begins
at 3—5 and peaks at 21-25 days of age (Blackshaw et al., 1997). The
bonds that develop during this time are quite strong and are maintained
after the litter joins the main sow and offspring social group. For
several weeks thereafter, the majority of interactions a piglet is
involved in will be with siblings (Newberry and Wood-Gush, 1986;
Petersen et al., 1989).

The interactions with non-siblings that do occur at this point
rarely involve aggressive behaviour (Newberry and Wood-Gush, 1986;
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Petersen et al., 1989). In groups which involve more than two litters,
each litter forms a preferential attachment to another which is closest
to them in age (Petersen et al., 1989). In very large groups, two or
three subgroups of two or more litters may exist. However, piglets will
interact with piglets from any other litter within the sow and offspring
group, even if they are not preferred. Occasionally a piglet from one
litter joins a second litter, even though piglets in a free-ranging state
do not normally suckle from a sow other than their mother (Jensen,
1986). On the rare occasions that this does occur, the piglet also
interacts primarily with its ‘adopted’ siblings rather than with its own
(Newberry and Wood-Gush, 1986).

6.2 Social Groupings Under Commercial Conditions
6.2.1 Social groupings

Sow and litter

Of the social groupings present in wild and feral pigs, only the sow and
newborn group regularly exists on a commercial farm (see Fig. 6.1).
Sows are usually moved to a farrowing facility 2—5 days prior to the
expected farrowing date, slightly earlier than feral sows would leave
their sow group. However, rather than being well separated from other
sows during parturition, the females are no more than a few metres
from each other. In most systems piglets remain in the farrowing
environment until weaning, rather than leaving the farrowing site as
they would in extensive or feral systems.

Much of the interaction among newborn piglets in commercial
systems is likely to be similar to that in feral or wild pigs, but has
been more intensively studied in confinement. Piglets engage in
considerable fighting over teats during the first few hours after birth
(Hartsock et al., 1977; de Passille and Rushen, 1989). From this period
of competition for teats, the teat order emerges wherein each piglet has
a preferred teat to which it returns in successive sucklings (McBride,
1963; Hemsworth et al., 1976; de Passille et al., 1988). Fostering of
piglets among sows is commonly practised in order to create litters
of equal number and size. Unrelated piglets fostered into a litter are not
differentiated from other pigs in that litter when pigs are regrouped
at weaning (Stookey and Gonyou, 1998). Similarly, in extensive
situations, the occasional piglet which does suckle from an alien sow
associates with her piglets in other social situations as well (Newberry
and Wood-Gush, 1986).

Although the majority of sows and litters remain in individual
sow farrowing accommodation until weaning, some are either farrowed
in groups or are grouped together during lactation. Group farrowing
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Fig. 6.1. The sow and newborn litter group. A social group common to both
free-ranging and commercial conditions.

facilities usually consist of several individual farrowing pens which
sows may access from a common area (Arey and Sancha, 1996;
Marchant et al., 1999). Such a facility attempts to mimic the individual
nests of free-ranging sows, but does not provide the spatial separation
available in the extensive habitat. Consequently, problems that contrib-
ute to the high mortality seen in free-ranging litters that are farrowed
close together (Jensen, 1989) should be expected. One problem is the
invasion of a nest by an alien sow, which has been reported at levels of
6.4% (Boe, 1994). Cross-suckling may also be high, particularly if more
than one sow farrows within a nest (van Putten and van de Burgwal,
1990).

Sows and litters that have farrowed separately may be grouped
during lactation. Often this grouping is accomplished between 10 and
14 days of age, similar to the time that the sow and newborn groups join
the main sow and offspring group in free-ranging conditions. Aggres-
sion among piglets is less if they are regrouped during lactation than if
it occurs post-weaning (Olsson and Samuelsson, 1993). Grouping dur-
ing lactation may be accomplished by removing the dividers between
farrowing crates, allowing only the piglets to move freely, or by moving
sows and litters to group pens. If sows remain in their farrowing crate,
piglets intermingle with each other but rarely suckle from an alien sow.
However, if sows are moved from their farrowing location, either to
another farrowing crate or to a group pen, inter-suckling is common
(Wattanakul et al., 1997; Pedersen et al., 1998). Cross-suckling and the
presence of additional piglets disrupt suckling, resulting in a higher
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proportion of false nursings and more suckling attempts (Wattanakul
et al., 1996).

In free-ranging conditions the sow spends more time away from
the piglets and suckling frequency declines after a few days of age. In
typical farrowing crates the sow cannot escape the piglets and the
decline in suckling is less evident. When sows are allowed to leave
the farrowing crate they spend less time with the piglets, nurse less
often, are less likely to terminate suckling bouts, and the piglets gain
less weight compared with conventional management (Rantzer, 1993).
Access to a sow by an alien litter in a group lactation situation will
result in earlier weaning. Weaning will also proceed more quickly if
the sow is able to escape from the piglets (Pedersen et al., 1998). The
parent—offspring conflict (see Section 3.2), whereby parents attempt to
reduce investment over time while offspring attempt to maintain it, is
biased in conventional production situations in favour of the offspring.
Alternatively, if the sow is able to leave the piglets, weaning proceeds
quickly and favours the parent (Boe, 1991).

Juvenile groups

Once weaned, pigs proceed through what are commonly referred to
as the nursery, grower and finisher phases of production, with body
weight ranges of 10-25 kg, 25-60 kg and 60-120 kg, respectively. Many
production systems maintain these three distinct phases by providing
different housing for the pigs during each stage and perhaps regrouping
the animals as they are moved. However, we are seeing an increase in
systems that combine two or all three phases into one facility, thereby
reducing the costs of moving animals as well as the social disturbance
that is involved. The extreme situation, in which litters remain together
in the same pen from birth to market is uncommon in commercial
operations, but may have some advantages in terms of avoiding social
conflict. Regardless of the production system, pigs are grouped by age,
often with a variation of only 4-7 days within a pen, throughout these
phases.

During the wean-to-market period pigs are fed several different
diets in order to match their protein intake to their lean growth
potential. In recent years there has been a move to feed males and
females different diets as their lean growth potential differs. Most large
operations, and some smaller ones, will house the sexes in different
pens to accomplish this feeding practice.

Pigs are often regrouped when they are placed in nursery, grower or
finisher facilities and the ensuing aggression can be quite dramatic
(Fig. 6.2). The most intense aggression occurs during the first 1-2 h,
after which it steadily decreases to a very low level by 24-48 h
post-grouping (Meese and Ewbank, 1973; McGlone, 1986; Arey and
Franklin, 1995). A lack of familiarity, rather than degree of relatedness,
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Fig. 6.2. Head-to-head knock. A form of aggression between recently grouped
grow/finish pigs.

is the basis for this aggression, as littermates separated shortly after
birth are as aggressive towards each other as they are to unrelated and
unfamiliar pigs when grouped together after weaning (Stookey and
Gonyou, 1998). Within a given group size, the amount of fighting
increases with the number of unfamiliar pigs within the pen (Arey and
Franklin, 1995). Pigs that have never been penned together, but which
have experienced some degree of contact through pen dividers, are less
aggressive towards each other than totally unfamiliar pigs (Fraser,
1974). However, attempts to create familiarity through the use of
common odours applied to pigs prior to regrouping have not reduced
the level of aggression (Friend et al., 1983; Gonyou, 1997a).

When all pigs within a pen are unfamiliar with each other, the pig
that eventually becomes dominant will fight with every other pig in the
pen to achieve this status. If several littermates from multiple litters are
placed together, one pig from each litter will fight initially. The winner
of that encounter will then attack the remaining pigs in the loser’s litter
(Rundgren and Lofquist, 1989). As a result, littermates tend to achieve
similar dominance status within a pen but large litters are no more
likely to be dominant than are those with only a few pigs present
(Gonyou, 1997b).

Breeding animals

Males and females destined for the breeding herd are usually housed in
single-sex groups until their first mating. Rearing females in isolation
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from other females delays the standing response of the females once
they are introduced to boars (Soede and Schouten, 1991). Rearing
males in isolation from other males has little effect on subsequent
sexual behaviour (Tonn et al., 1985). In the case of gilts, the presence of
stimuli from boars will induce earlier puberty (Hemsworth et al., 1988;
Paterson et al., 1989). Odour appears to be the principal stimulus
involved (Pearce et al., 1988).

The breeding phase of pig management consists of the period
during which the females are observed for oestrus, actually bred, and
until they are confirmed as being pregnant. During this period the
females may be penned individually or kept in groups. The onset of
oestrus is unpredictable in gilts and so they are often housed separately
from post-weaning sows. Following weaning, sows return to oestrus in
approximately 5—10 days, and are usually housed without regard for
age. Housing sows in groups following weaning may facilitate their
return to and synchronization of oestrus. However, individual housing
in stalls reduces the level of aggression (Mendl et al., 1993), the
degree of aggression-induced injuries, and facilitates certain breeding
practices such as artificial insemination.

Although it is possible to operate the breeding facility without
having a boar present, the most common practice would be to use boars
to facilitate recognition of oestrus in the females (Hughes et al., 1985).
In situations in which the females are in individual stalls, boars are
routinely housed nearby so that their pheromones stimulate the sows
and gilts. In many facilities the boars are allowed to walk past the heads
of the sows to aid in detecting oestrus. The response of the sow is more
critical than the response of the boar in detection of oestrus, and thus
the sows are allowed to sniff the passing boar, rather than allowing the
boar to attempt to mount.

When breeding females are group housed the boar may be penned
with the sows or in an adjacent pen. Contact with the boar will reduce
the weaning-to-mating interval (Petchey and English, 1980; Hemsworth
et al., 1982). Oestrous females are proceptive and spend significant
proportions of their time near a boar. In situations in which boars
are penned adjacent to the breeding group, oestrous females may be
detected by monitoring their presence near the boar (Bressers et al.,
1991).

Under certain conditions sows may be bred during lactation. A
significant proportion of females will cycle during lactation provided
they are group housed, well fed and exposed to a boar (Rowlinson
et al., 1975; Rowlinson and Bryant, 1982). Although lactational breed-
ing has been incorporated into some management systems (Stolba and
Wood-Gush, 1983), it is generally not reliable enough for common use.

Breeding males may be kept in small groups but the need for
individual penning increases as the animals age. This management
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practice is similar to the behaviour observed in feral pigs in which
boars become more solitary as they age. Regrouping of post-pubertal
boars involves a great deal of fighting and is generally avoided.

Gestation

During pregnancy sows are fed restricted amounts of feed to prevent
excessive accumulation of body fat. Restricting such an important
resource makes the social behaviour of the animals a critical factor in
management designs. One approach is to house the sows and gilts
individually, usually in stalls but occasionally in tethers (Fig. 6.3).
Individual penning allows each animal to be fed separately. When feed
bowls are provided the control is nearly absolute, but if feed troughs
are used some feed may be stolen from adjacent sows. Although the
animals are separated by a partition, social behaviour is not completely
prevented. Social encounters among sows in stalls persist over several
gestations, with non-agonistic encounters exceeding the frequency
observed among sows in groups (Mendl et al., 1993). Social relation-
ships between stalled sows remain unsettled (Jensen, 1984). Aggression
does occur through the stall dividers, and it has been suggested that
the nature of these dividers is important. Barnett et al. (1986) reported
that aggression persisted between sows separated by horizontal bars,
while that between sows separated by vertical bars suggested social
conflict was resolved shortly after penning. Stereotypies are socially

Fig. 6.3. Individual stalls for sows. A controversial means of reducing social
problems among gestating sows. These stalls allow sows to turn around but limit
interaction.
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transmitted in stall systems as an animal adjacent to a stereotyping
animal is more likely to stereotype herself (Appleby et al., 1989).

The composition of gestation groups is highly variable. Females
may differ in age, size and stage of gestation. Two strategies have
emerged when placing animals together. The first strategy is to
minimize disturbances to the social group by limiting changes in its
composition. Once the group is formed at the beginning of gestation, no
other females will be added and the group only disbands at the time of
farrowing. These ‘static’ groups are relatively uniform in terms of stage
of lactation. The other strategy is to add recently bred animals and
remove those approaching parturition, on a regular basis. ‘Dynamic’
systems involve post-regrouping aggression on a regular basis, but
allow farms to operate with only a few groups rather than many.

6.2.2 Social effects on production

Competition for resources affects production in all phases of pigs’ lives,
but is most noticeable if those resources are limited (see Section 2.2).
Our production methods have generally attempted to reduce the effects
of competition by either providing ad libitum access to resources
or physically preventing contact among animals. In interpreting the
results of a study it is important to note the amount of feed provided
and the housing conditions of the animals in order to assess the degree
of competition encountered.

Suckling pigs

Most sows have more functional teats than they have piglets in their
litter. Access to a teat is not limited, but competition for specific
teats does occur. During the initial 2 h after birth, piglets fight over
teats (Hartsock and Graves, 1976). The result of this competition is
that the winning piglets control the higher-producing teats and have
more stable suckling patterns, resulting in increased growth (Hartsock
et al., 1977; de Passille et al., 1988; de Passille and Rushen, 1989). The
anterior teats produce slightly more milk than the central and posterior
teats (Dyck et al., 1987), but considerable variation exists among teats
within these general locations (Kim et al., 1999). Fraser and Jones
(1975) reported that teat order explains less than 5% of the total
variation in weight gain. The size of a piglet relative to its littermates is
more important that its actual size in determining its growth rate.
Small piglets perform better if they are part of a litter of smaller piglets
than if they compete with larger piglets (Fraser et al., 1979). Partial
correlations within litters indicate that variation in birth weight
accounts for 3% of the variation in teat order, but that these two factors
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combined account for 25% of the variation in weaning weight (Fraser
and Jones, 1975).

As the teat order of the recipient litter may already be established
when fostering occurs, the new piglets must compete with the original
litter to obtain access to high-producing teats. Fostered piglets do not
perform as well as original piglets within the litter, particularly if they
attempt to control a teat claimed by an original piglet (Horrell and
Bennett, 1981). If piglets have a similar level of vigour, then fostered
piglets are less likely to survive than are non-fostered (Neal and Irvin,
1991). The deleterious effects of fostering are greatest if only one piglet
is fostered, and least if fostering is performed at 1 day of age (Horrell
et al., 1985). To reduce the cost of fostering it is recommended that it
be done as early as possible, before the teat order is established, and
that larger pigs be moved rather than the small piglets, which cannot
compete as well.

Growing pigs

Within the nursery, growing and finishing phases of production, pigs
are generally fed ad Ilibitum in order to reduce social effects on produc-
tion. In some management systems restricted feeding is practised to
control fat deposition in the older animals. When feed is restricted,
sources of social competition affect productivity to a greater extent.
Feeding space must be severely restricted in order to result in reduced
productivity if feed is available ad Ilibitum (Walker, 1991). However,
when feeding space is restricted as well as feed, competition for space
results in highly variable levels of intake and growth rate (Botermans
et al., 1997). Post-regrouping aggression reduces subsequent weight
gain if feed is restricted, but has little effect relative to non-regrouped
pigs if feed is available ad Ilibitum (Sherritt et al., 1974). McBride et al.
(1964) reported that variation in initial body weight accounts for
30% of the variation in social dominance, and approximately 13% of
the variation in subsequent growth. However, Blackshaw et al. (1994)
found no correlation between social status and either initial weight or
rate of gain.

Pigs may be sorted upon entry into nursery, grower or finisher facil-
ities in an attempt to create uniform competition within pens. If feed
were restricted then such sorting would probably be advantageous.
Under conditions of ad libitum feeding, sorting by sex or size may have
little effect on productivity. Males generally grow faster than females,
and the magnitude of this difference is unaffected by the sex ratio of the
social group. Males perform as well when they are in an all-male group
as they do when females are present (H. Gonyou, unpublished data).

It is generally believed within the industry that uniform grouping
results in less social stress within the pen and reduces weight variation
at marketing. There is reason to question both of these assumptions.
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Weight variation at marketing is similar in groups that were either very
uniform or heterogeneous when grouped together at the beginning of
the grower phase (Tindsley and Lean, 1984). The growth rate of pigs in
heterogeneous groups has been reported to be equal to or to exceed that
of pigs in uniform groups (Gonyou et al., 1986; Francis et al., 1996).
Aggression within pens following regrouping is either less in heteroge-
neous pens (Rushen, 1987; Francis et al., 1996) or unaffected by the
variation in weight among pigs (Jensen and Yngvesson, 1998). It may be
that social groups of pigs are most stable when clear differentiation by
weight is possible, and thus groups of low initial weight variation
increase that variation to a certain level.

Gestating sows

The major challenge in gestation systems is to control feed intake when
sows are housed in groups. Group housing systems vary in the degree
of physical control over competition for feed. In some systems sows are
fed as individuals within a feeding stall or stalls. When all sows are fed
simultaneously in feeding stalls, competition shifts from feed to the
stall itself. Dominant animals will claim the preferred stalls — those that
are fed first. When sows are fed sequentially from a single or a few
stalls, as in electronic feeding stations, competition shifts to accessing
the stall early in the daily feeding cycle. Dominant animals eat first,
and often return to the feeder to remove any feed left by another animal
(Hunter et al., 1988). The resulting aggression can result in injuries
to the animals, and the exclusion of timid animals from the feeding
area. Other systems, such as trickle feeding and floor feeding, provide
less protection to the sows as they eat and competition increases. To
maintain similar levels of intake among the sows, it is necessary to
have animals of similar size and temperament together in the group.
Group size is usually less than ten in such systems.

Some systems attempt to control competition among gestating sows
by providing a modification of the ad libitum feeding situation. The use
of high-fibre diets allows the animals to eat larger volumes and achieve
some degree of satiety (Robert ef al., 1993). An alternative is to intermit-
tently provide ad Ilibitum feed. Animals are given access to ad libitum
feeders every second or third day.

In systems in which competition for feed is not well controlled,
dominant sows become fat and subordinate animals become thin. The
thin sows will not be able to maintain a high level of milk production
during lactation and will fail to re-breed. The fat sows are also likely to
have reproductive problems.

Competition also appears to be related to the sex ratio of litters
produced by group-housed sows. In systems in which sows compete
for feed during breeding and shortly thereafter, dominant animals
produce a higher proportion of males than do subordinates (Meikle



The Social Behaviour of Pigs 163

et al., 1993, 1998). However, when access to feed is better controlled or
groups are not formed until after pregnancy is confirmed, dominance
status has no effect on litter sex ratio (Mendl et al., 1985).

Social facilitation

When a hungry pig is placed with a satiated animal, the satiated pig
will begin eating again. Similarly, when a pig can see another pig eating
in a neighbouring pen, it is likely to begin eating as well (Hsia and
Wood-Gush, 1983; Hutson, 1995). Thus, social facilitation results in a
temporary increase in eating, which results in simultaneous or syn-
chronized eating. However, synchronized eating does not necessarily
result in increased intake over the duration of a trial (Gonyou et al.,
1999). An exception would appear to be suckling piglets, which can be
induced to suckle more often and gain more weight through the play-
back of sow and piglet nursing grunts (Stone, 1974). Social facilitation
may also be useful in inducing feed consumption following weaning.

6.2.3 Effects of group size and space allowance on social behaviour

The natural social groupings of pigs are relatively small, with a few
adults and their offspring. Pigs are often kept in much larger groups
in production systems. Small groups of pigs generally have a very
stable social hierarchy with linear relationships. In larger groups the
proportion of intransitive relationships increases (Moore et al., 1996).
Individually penned pigs and groups of three perform very well,
but there is a dramatic reduction in productivity when five pigs are
penned together (Gonyou et al., 1992; Gonyou and Stricklin, 1998). It
would appear that the less complex social system involved in very
small groups has advantages in terms of productivity. The number of
agonistic encounters each pig is involved in increases with group
size up to six pigs per pen, and decreases with subsequent increases
in group size (Moore et al., 1996). Two possible explanations for
this pattern in aggression are that animals form distinct subgroups
which avoid each other, or the animals develop a tolerance of other
individuals in large groups. Subgrouping has been noted in a number of
studies, at least in terms of lying position. Sows added to an existing
group form a distinct subgroup for up to 21 days post-regrouping
(Moore et al., 1993). Grower pigs will also form subgroups when added
to a pen of larger pigs (Moore et al., 1994). However, it is not clear if
these subgroups remain distinct during activity periods and only exist
during lying. If the subgroups remain distinct during activity periods, it
would suggest territorial or at least well-defined home ranges within
the pen. In many group systems pigs must share common feeding and
drinking areas, which would increase aggression by forcing subgroups



164 H.W. Gonyou

to intermingle. An alternative explanation to the reduced aggression
in larger groups is the development of tolerance for less familiar pigs.
The animals may still lie in subgroups, although this occurs less
frequently in large groups (Penny et al., 1997), but are able to interact
freely when active. We have observed that pigs in groups of 40 will
investigate much of the pen during activity bouts, suggesting that they
have no hesitation in meeting less familiar pigs. Group sizes in excess
of 100 pigs per pen are becoming more common in commercial
practice.

Small group sizes have an advantage over large groups in that pigs
can be effectively sorted by weight, age or other criteria. As indicated
above, sorting grower pigs that are provided with feed ad libitum may
not be beneficial. However, when feed is restricted, as with gestating
sows, uniformity is desirable unless access to the feed is well
controlled. Larger groups of sows may be used on electronic sow
feeders because of the control provided over intake, but smaller groups
are recommended for most other group housing systems.

The quantity (amount) and quality (configuration) of space affect
social behaviour by allowing animals to avoid and escape from each
other. Providing large amounts of space allows the animals to move
about the pen to obtain resources without entering the personal space
of other animals. If a fight does occur, an animal may signal submission
by fleeing (Kay et al., 1999). Within the feeding area, adequate trough
space and dividers between spaces reduce the incidence of aggression
(Baxter, 1991). Strategically placed partitions also allow animals to
avoid being within sight of another animal, even if they are very close
together. Equipping a pen with ‘hide’ areas at the time of regrouping
reduces subsequent aggression and improves growth for the immediate
post-regrouping period (McGlone and Curtis, 1985). Dynamic group-
ings of sows can benefit by providing well-defined areas within the
pen which new groups can claim as their own during the period when
integration into the main group is occurring (van Putten, 1990).

Space allowance can be expressed as an amount per animal or as
the reciprocal, the number of animals per unit of space. In terms of
feeders, we have generally used the latter. The number of animals that
can eat from a single feeding space depends upon the total duration of
eating. Small pigs take longer to eat than large pigs (Hyun et al., 1997),
and pigs eating dry feed require more time than those eating from a
wet/dry feeder (Gonyou and Lou, 2000). Pigs are able to adapt their
eating behaviour as the number of pigs eating from a feeder increases.
Under some conditions, groups as large as 30 pigs can maintain intake
levels when eating from a single-space feeder but must increase their
eating speed to do so (Walker, 1991).

Reducing space allowance, either in terms of floor area or by
increasing the number of pigs on a feeder, eventually results in a
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reduction in daily feed intake and growth rate (Walker, 1991; Gonyou
and Stricklin, 1998). It is not clear if reduced intake results in reduced
growth, or if a reduction in growth potential results in a reduced
appetite (Chapple, 1993). Attempting to compensate for crowded
conditions by providing a more nutrient-dense diet does not result in
improved growth (Edmonds et al., 1988). Rather, the pigs continue to
limit their energy and protein intake. These results suggest that the
direct cause for the reduction in intake is a stress-induced metabolic
change rather than environmental restrictions on access to feed.

Floor space allowance has traditionally been expressed as area
per animal. However, the space requirements of an animal change with
its size. Space allowance should be expressed in relation to body
weight, but a linear relationship would underestimate the requirement
for small pigs compared with large ones. The use of an allometric
expression, a form of estimating the surface area of the animal, has
proved useful in expressing space allowance over a wide range of
weights (Gonyou and Stricklin, 1998). Calculating space allowance in
this fashion, a constant k is multiplied by body weight®567. Tt would
appear that pigs reach maximum growth when k is approximately
0.035, with area expressed in square metres and body weight in
kilograms (Edwards et al., 1988; Gonyou and Stricklin, 1998).

6.3 Social Behaviour, Management and Welfare

6.3.1 Grouping animals

With the exception of the sow and her week-old litter rejoining the
main sow group, pigs rarely allow newcomers into their social group
under natural conditions. Under production conditions, pigs fight vig-
orously to exclude unfamiliar animals from their group. This fighting
can affect productivity, particularly if resources such as feed are lim-
ited. Even when resources are quite adequate, production is reduced
for 2—-4 weeks (McGlone and Curtis, 1985). The greatest reduction in
growth is among those pigs that received the greatest amount of injuries
to their ears and shoulders (Gonyou et al., 1988). Regrouping young
piglets results in less aggression than among older animals (Jensen,
1994). Nursing piglets can be grouped with little resultant aggression
by removing the partitions between farrowing crates. However, by
the time of weaning in most commercial operations, aggression at
regrouping is intense.

Odour is a major means of identifying familiar and unfamiliar
pigs. Odours have been used in a variety of ways to attempt to reduce
aggression following regrouping. One approach has been to mask the
odour of the unfamiliar pig (Friend et al., 1983). In this case the odour
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was applied at the time that the pigs were regrouped. In general, such
attempts have failed to reduce the aggression, and may actually
increase the aggression among familiar pigs. If an odour is masked
by this method, it would appear that it is the familiar odour, and
littermates may attack each other as if they were unfamiliar.

A second means of using odour is to create a common familiar
odour on all pigs. This can be attempted by placing the same artificial
odour on all pigs, or by exposing pigs to the manure of other pigs for
several days prior to regrouping. Unfortunately, neither method has
proved to be effective in reducing aggression (Gonyou, 1997a).

A third use of odour is the application of pig-derived compounds
which may act as pheromones. Urine obtained from pigs that have
recently fought is effective in reducing aggression when applied to
unfamiliar pigs prior to regrouping. Urine from pigs treated with
ACTH, and sprays containing androstenone are also reported to reduce
aggression (McGlone, 1985; McGlone et al., 1987).

Several pharmacological compounds have been used to reduce
regrouping aggression. By administering these compounds at the time
of regrouping, the animals become inactive and so aggression is greatly
reduced for the subsequent few hours (Symoens and van den Brande,
1969; Bjork et al., 1988). However, once the pigs recover from the
drug, aggression begins and may be as severe as normal aggression
(Blackshaw, 1981b). In general, these agents do not result in an
improvement in weight gain (Gonyou et al., 1988).

The composition of the group being assembled can affect
regrouping aggression. A large difference in weight among the pigs
may reduce the resulting aggression (Rushen, 1987), although not all
studies support this finding (Jensen and Yngvesson, 1998). A dynamic
grouping system in grower/finisher pigs, in which small pigs are added
to a pen comprised of older pigs, reduces aggression compared with
mixing pigs within age groups (Moore et al., 1994). However, dynamic
systems for gestating sows may result in more aggression. The presence
of a large boar in a pen of market pigs will reduce aggression (Grandin
and Bruning, 1992), but does not appear to be effective when sows are
regrouped (Luescher et al., 1990).

Litters have been combined using varying numbers of animals from
each litter. Equal numbers of pigs from several litters, whether it be
one, two or four pigs per litter forming groups of eight, do not appear
to affect aggression, or at least post-regrouping growth (Friend et al.,
1983; Blackshaw et al., 1987). When unequal numbers of pigs from two
litters are grouped together, post-regrouping growth is similar between
the minority and majority litters (Gonyou, 1997b). However, when
individual sows are added to an established group the resulting
aggression can produce serious injuries. Again, the importance of
availability of resources, primarily feed, should be considered.
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Pigs may be scored according to certain behaviour characteristics
such as resistance to handling or propensity to fight. When a group is
formed of pigs having a high propensity to fight, aggression is more
severe than when non-aggressive pigs are grouped together, and even
less if aggressive and non-aggressive pigs are grouped in the same pen
(Erhard et al., 1996). Similarly, if pigs that are resistant to restraint are
penned together, there is a high level of aggression. Productivity is best
if different behaviour types are combined in the same pen (Hessing
et al., 1994).

6.3.2 Separation problems

Although removal from a social group does not involve the aggression
associated with joining a group, problems do occur when pigs are
removed from the social environment. In commercial production
weaning is accomplished by removing the sow from the piglets. When
weaning is abrupt the piglets no longer have the sow as a focus for
feeding. The initial result is a virtual cessation of eating for 1-3 days,
depending upon the age of the piglet (Metz and Gonyou, 1990). It
is possible that social facilitation may be useful in initiating eating
among weaned pigs as they continue to synchronize eating for several
days thereafter. Without the sow present, newly weaned pigs begin
directing nosing behaviour towards the belly of their littermates
approximately 4 days following weaning (Blackshaw, 1981a; Metz and
Gonyou, 1990). This time is after they have begun eating a normal
amount of solid feed, and so does not appear to be due to hunger.
However, the behaviour is very like the udder massage directed
towards the sow and may have some relationship to suckling
behaviour. The behaviour peaks approximately 2-3 weeks after
weaning, but persists at a higher level among earlier-weaned pigs
through the grow/finish period (Gonyou et al., 1998). Not all pigs
engage in belly-nosing, and some are more likely to be nosed than to
nose (Blackshaw, 1981a; Gonyou et al., 1998).

Pigs are also removed from their social group to be penned individ-
ually. Isolation is very stressful for pigs and it is often necessary to
keep at least two animals together to facilitate handling or experimental
testing. When sows are isolated and placed in stalls or tethered they
attempt to escape. These escape attempts eventually subside, but may
be the basis for future stereotypic behaviour under some conditions
(Cronin et al., 1984). Temporary removal of a pig from a stable social
group may lead to rejection when reintroduced. Among growing pigs,
subordinate pigs may be rejected after being absent for only a few
days, while dominant animals can return after several weeks without
extensive fighting (Ewbank and Meese, 1971). However, if the social
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group was not stable when the pigs were removed, the dominant pig
may also encounter considerable aggression (Otten et al., 1997).

6.3.3 Abnormal behaviour

Some of the most perplexing behaviour problems in pigs are those
which cause physical injuries to the recipient and fall under the
general term of cannibalism. These include tail- and ear-biting, and
flank- and navel-sucking. The incidence of these behaviours can be
quite high, exceeding 10% of pigs in several studies (Arey, 1991).
These behaviours are generally, but not always, directed at animals
that are lower in the social hierarchy (Blackshaw, 1981a). There are
many known and suspected causes of these behaviours. The causative
factors may be classified as nutritional, due to discomfort, and lack of
environmental enrichment. Social causes relate primarily to the issue
of discomfort. Early weaning is a significant factor affecting the
incidence of belly-nosing among nursery pigs, but also continues as
higher levels of chewing on penmates during the grow/finish period
(Gonyou et al., 1998). Overcrowding is generally recognized as a
causative factor of tail-biting. Group size has also been implicated in
tail-biting, but evidence for this causative link is limited and the
association may be unfounded.

Stereotypies are one of the most intensively studied abnormal
behaviours of gestating sows investigated in recent years. Although
feed restriction appears to be the primary cause of these behaviours,
environmental factors may also play a role (Lawrence and Terlouw,
1993). Sows in stalls or tethered adjacent to stereotyping animals are
more likely to develop similar behaviour (Appleby et al., 1989).
Although social facilitation may be involved, the association could
be due to increased arousal caused by the activity of the neighbour
(Lawrence and Terlouw, 1993).
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(Editors’ comments: A variety of bird species have been domesticated,
and these represent a wide range of social behaviour. Natural group sizes
range from solitary to large aggregations. Mating systems include both
polygamous and monogamous species. Although most domestic birds are
precocial, the pigeon is altricial and requires substantial parental care.
Among the most commonly farmed birds, the number of animals
kept on individual farms is often astounding. Flocks of tens or even
hundreds of thousands exist on commercial farms. Group sizes within
these operations vary from three to six hens in a cage, to groups of over
10,000 birds. Such group sizes require the birds to adjust their social
organization compared with the smaller groups under natural conditions.
The authors address the possibilities available for birds in such large
flocks. Birds can try to maintain a social hierarchy based on individual
recognition, maintain subgroups with such an organization, or resort to
a system in which physical characteristics are used to estimate social
status without ever establishing a definitive order.)

7.1 Basic Social Structure

Species of birds from many orders have been domesticated and
selected for egg, meat or feather production (Crawford, 1990), or for
companionship, fighting ability or ornamental purposes (Mason, 1984).
The most common domesticated birds are chickens and turkeys, but
other galliforms (guinea-fowl, quail, grouse, pheasant and partridge),
waterfowl (ducks and geese) and pigeons (or squab) are also used for
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food production. The most recently domesticated birds are probably
the ratites (ostrich, emu and rhea), now increasingly farmed mainly for
their feathers and hide.

The ancestors of the species that have been domesticated display a
variety of different forms of social organization (see Section 1.6). Some,
like jungle fowl and turkeys, are polygamous, while others (like geese,
bobwhite quail and emu) are monogamous and pair-bond for at least a
single breeding season. Some, like ostriches, may be found in large
aggregations for at least part of the year, while others, like pheasants,
are essentially solitary. Incubation, guarding and care of the offspring
may be done primarily by the male (emus), by the male and female
together (ostriches, bobwhite quail, geese) or by the female alone (fowl
and mallard ducks). While the offspring of domesticated species are
typically precocial and can develop without parental care in captivity,
the young of pigeons are altricial and require intensive parental care
until fledging.

Although the social behaviour of all the wild ancestors of
domesticated species has been studied to at least some extent, there is
surprisingly little information available about the social behaviour of
many of their domesticated relatives under commercial conditions.
We will therefore concentrate on the better studied species: chickens,
turkeys and quail. Information about the social behaviour of the
ancestors of some other domesticated species can be found in other
reviews (e.g. ostriches: Bertram, 1992; Deeming and Bubier, 1999;
waterfowl: McKinney, 1975; Reiter, 1997).

7.1.1 Composition and structure of social groups

Chickens were domesticated in Thailand and the surrounding region
about 8000 years ago from the red jungle fowl, Gallus gallus gallus
(West and Zhou, 1989; Fumihito et al., 1996). Red jungle fowl are wary
and difficult to study in their native habitat, but long-term observations
have been carried out on free-ranging flocks living at the San Diego
zoo (Collias and Collias, 1996). The flocks were comprised of between
four and 30 adults, both males and females, although small all-male
flocks are also sometimes observed in the wild (Johnson, 1963). Jungle
fowl are a harem polygynous species, and within each flock at San
Diego there was a dominant male who defended the flock’s territorial
boundaries, and within whose territory the flock members always
roosted. Dominant males were generally tolerant of young subordinate
males in the flock, but drove older subordinate males to the periphery
of the territory. The females in each flock formed their own dominance
hierarchy. Social organization in feral fowl appears to be strikingly
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similar to that described for the San Diego jungle fowl (McBride et al.,
1969; Wood-Gush and Duncan, 1976).

Turkeys were domesticated in Mexico from the smallest of the four
native American species of turkeys, Meleagris gallopavo gallopavo.
This species was introduced by Europeans to North America, where the
birds cross-bred with indigenous wild turkey subspecies to create the
bronze turkey that was the foundation stock for the modern commercial
turkey (Schorger, 1966). Social organization in wild turkeys is similar
to that of jungle fowl, although the mating system of turkeys varies
by subspecies and habitat (Schorger, 1966; Watts and Stokes, 1971;
Latham, 1976). During the winter, turkeys may live in either mixed-sex
family groups or all-male and all-female flocks. Male flocks are
comprised of groups of siblings that remain together throughout their
lifetime, while female flocks are comprised of females integrated from
different broods. Males and females each form a dominance hierarchy.
As the breeding season approaches, male sibling groups compete with
one another for dominance, and then court hens at a lekking ground
where females have congregated (see Section 7.1.6). The dominant
male in the dominant sibling group secures most matings during the
height of the breeding season, but other males may sometimes mate
later. In some habitats, turkeys show the harem polygynous mating sys-
tem characteristic of jungle fowl, with a (usually older) territorial male
who defends a harem of about four to six females (Schorger, 1966).

Two species of quail are used for food production: the Japanese
quail (Coturnix japonica), used for both meat and egg production;
and the larger common bobwhite (Colinus virginianus) from North
America, which is used mainly for meat or is released for hunting. The
process of domestication of quail is less well documented than that of
chickens or turkeys, but quail have been maintained in captivity in
Japan since at least the 12th century (Kovach, 1975; Crawford, 1990).
Wild Coturnix form large flocks during the non-breeding season
(Crawford, 1990). During the breeding season they establish or migrate
to breeding grounds (Kovach, 1975; Wakasugi, 1984), where the males
establish territories. Females may mate with the resident male in a
territory, or males may compete for females at a crowing ground.
Both polygamous mating and single-season pair bonding have been
observed (Mills et al., 1997).

Bobwhite quail (Johnsgard, 1973) occupy coveys averaging 12—15
birds of mixed ages and sexes during the winter. The composition of
these coveys changes in the spring when males and females begin to
pair for breeding. Unmated males may set up ‘whistling territories’
close to the nesting areas of mated pairs, from which they expel youn-
ger males, or unmated birds may continue to occupy coveys during
the breeding season. Coveys re-form again in the autumn, as males from
adjacent whistling territories, other unmated individuals and pairs that
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have not been successful in raising a brood join the brood that has been
raised at a particular nesting site.

7.1.2  Use of space

Many factors, including the distribution of food and water and the
distribution of conspecifics and predators, influence how wild and
feral birds distribute themselves. The availability of cover (McBride
et al., 1969; Johnsgard, 1973; Duncan et al., 1978; Wood-Gush et al.,
1978) and roosting sites (Schorger, 1966; Collias and Collias, 1996) is
also important.

The amount of space used by an individual or a flock is thus
strongly dependent on resource availability, which can vary both daily
and seasonally. The daily range used by turkeys depends primarily on
food availability, but turkeys can cover many kilometres (8—16) while
foraging each day (Schorger, 1966), and their ranges may encompass
32 km in the winter when food is scarce (Latham, 1976). Male turkeys
may also range over as many as 10,000 ha during the breeding season
(Schorger, 1966). Although bobwhite quail are comparatively sedentary
and do not move far from their roosting area when food is plentiful
(Johnsgard, 1973), the winter ranges of coveys can occupy as much as
80 km, and bobwhite may also move considerable distances in the
autumn. However, mated pairs rarely move more than 1.5 km from the
winter range to establish their nesting range and broods generally move
less than 370 m from the nest.

In contrast, adult jungle fowl at the San Diego zoo showed extreme
locality fixation, with individuals rarely moving more than 50 m from
their home roost (Collias and Collias, 1996). However, San Diego has a
year-round temperate climate, and food was probably always readily
available to the birds in this setting. Johnson (1963) reports, although
anecdotally, that wild jungle fowl flocks in Thailand may move into
the rainforest, which is 8—32 km away from their usual location in the
bamboo forest, during the rainy season. Longer-distance migrations are
also seen seasonally in some species. Some Japanese quail populations
in Asia migrate as far as 1000 km to breeding grounds in the north
(Wakasugi, 1984).

As mentioned above, the males of several domesticated species of
birds show territorial behaviour, at least during the breeding season.
The size of these territories varies widely from one male to another.
Jungle fowl territories at the San Diego zoo averaged about 50-75 m
across, but actually varied a great deal both in size and in the numbers
of flock members that they contained (Collias and Collias, 1996). Jungle
fowl males at the San Diego zoo occupied their territory continuously
until they died or were deposed (Collias and Collias, 1996). Patterns of
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movement in female birds have been less well characterized. Feral fowl
hens appear to occupy overlapping home ranges within male territories
(McBride et al., 1969).

7.1.3 Communication

Most bird species have excellent colour vision and acute hearing
(Waldvogel, 1990), and communication (see Section 2.3) within and
between flocks thus takes place primarily via signals provided by
postures, displays and vocalizations. Postures and displays are used to
signal threat and submission (Kruijt, 1964; Hale et al, 1969;
Wood-Gush, 1971) for example, and particularly elaborate displays
are given by all of the ancestors of domestic species during courtship
(see Section 7.1.6 below on male—female interactions).

The vocal repertoire of most of the species that have undergone
domestication has been studied to at least some extent. Although the
numbers and types of vocalizations given by these species are limited
as compared with most avian species that have a learned vocal
repertoire (like songbirds or parrots), it is still impressive. At least 15
different calls have been identified in Japanese quail (Guyomarc’h,
1967; Potash, 1970) and at least 31 in domestic fowl and jungle fowl
(Wood-Gush, 1971; Collias, 1987). Turkeys and bobwhites also appear
to have a relatively large vocal repertoire (Schorger, 1966; Hale et al.,
1969; Johnsgard, 1973).

Perhaps the most striking vocalizations are the ones that males use
in territorial advertisement: the crow call of Japanese quail and fowl
and the whistle of bobwhites. These calls can carry great distances and
are a very effective means of territorial defence, minimizing the need
for direct confrontation between males on neighbouring territories
(Collias and Collias, 1996). The crow call of jungle fowl and domestic
fowl males is also individually acoustically distinctive (Siegel et al.,
1965; Miller, 1978), unlike any of the other calls so far characterized in
fowl. Crow frequency characteristics are correlated with comb length
(Furlow et al., 1998) and males use crows to assess the dominance
status of other males (Leonard and Horn, 1995).

We will not attempt to describe each of the vocalizations given by
the different species, but they fall into the general (although sometimes
overlapping) categories of warning and predator alarm calls; reinstate-
ment and/or contact calls; territorial calls; laying and nesting calls;
mating calls; threat calls; submissive calls; distress, alarm or fear calls;
contentment calls; and food calls. Since the stimuli that elicit many of
these calls have not been investigated thoroughly, and since there is no
consistent nomenclature for call types, the communication functions of
many of these calls have not been defined with certainty.
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In addition to vocalizations and displays, morphological features
associated with the head and neck are important in some species for
both communication and social recognition. There has been consider-
able work in this area using domestic fowl (Guhl and Ortman, 1953;
Jones and Mench, 1991; Bradshaw and Dawkins, 1993). In fowl, comb
size and hue in both males and females are influenced by sex hormone
levels and are indicators of social status (Guhl and Ortman, 1953). In
quail, the head and neck area is important for male—female recognition,
since that area contains a large number of sexually dimorphic feathers
(Domjan and Nash, 1988). The necks of turkeys are featherless, so
colour becomes important. In turkeys, neck and head coloration varies
from white to red to blue depending on the animal’s state (Schorger,
1966; Hale et al., 1969). Male turkeys have a pendant snood above the
beak that is normally flaccid or retracted, as well as an area of spongy
tissue on the breast. Both of these become enlarged during aggression
and courtship (Hale et al., 1969).

7.1.4 Cobhesion and dispersion

As with spacing behaviour, many factors influence cohesion and
dispersion (see Section 1.4) in flocks of birds. One factor maintaining
group cohesion in some species is the presence of attractive roosting
sites (McBride et al., 1969). Large jungle fowl roosts can contain as
many as 30 adults, and birds in a flock rarely move far from their
roosting areas (Collias and Collias, 1996). Roosting serves a thermo-
regulatory function in bobwhite quail, and Johnsgard (1973) suggests
that bobwhites disperse when covey size becomes so large that it
impairs the thermoregulatory efficiency of their roosting pattern.

Relationships between individuals also contribute to flock cohe-
sion. Fowl females maintain proximity to dominant males (Graves
et al., 1985; Collias and Collias, 1996). Females of some species also
tend to maintain relatively close spacing relationships with one
another during the non-breeding season, and it has been suggested that
female—female relationships are a major contributor to flock cohesion
in jungle fowl (Sullivan, 1991). In turkeys, on the other hand, cohesion
is promoted by the maintenance of relationships and proximity among
sibling males (Watts and Stokes, 1971).

Although movements between groups can occur at any time,
dispersal often occurs at the beginning of the breeding season. In
bobwhite quail the males (probably yearlings) are expelled from the
territories (Johnsgard, 1973). Whole groups can even sometimes break
apart. In bobwhite quail new coveys are formed after the breeding
season (Johnsgard, 1973).



The Social Behaviour of Domestic Birds 183

7.1.5 Inter-group interactions

Inter-group interactions are also influenced by resource availability.
For example, during winter, when food is scarce, two or three flocks of
turkeys may join into a loosely associated group in an area where food
is plentiful (Latham, 1976). Since jungle fowl usually stay within their
territories year-round inter-group interactions are less common than for
the other species, although individuals may occasionally move to join a
new flock (Collias and Collias, 1996).

Inter-group interactions probably occur most frequently at the
beginning of the breeding season, as breeding aggregations or breeding
pairs are formed by members of different groups, and as males from
different groups compete with one another for territories or females.
The lek mating system of turkeys (see below) is an example of one such
competitive inter-group interaction during the breeding season.

7.1.6 Intra-group interactions

Male-male

Interactions among adult male birds are primarily competitive, particu-
larly during the breeding season. When there is more than one male in
an established flock the males form a dominance hierarchy (Hale et al.,
1969; Wood-Gush, 1971; Collias and Collias, 1996; see Section 1.5).
Dominant males are typically relatively tolerant of subordinate males
outside the breeding season, but the presence of a dominant male can
lead to the suppression or modification of territorial and reproductive
behaviours in subordinate males. For example, dominant jungle fowl
and fowl roosters crow at a higher rate than subordinates (Salomon
et al., 1966; Leonard and Horn, 1995; Collias and Collias, 1996).
Dominant males often attack subordinates that crow (Leonard and
Horn, 1995), and crowing in subordinates is also suppressed in
situations in which the dominant rooster can be seen or heard but in
which he has no direct contact with the subordinate males (Mench and
Ottinger, 1991).

In contrast, the lek mating system of turkeys is an example of a
cooperative interaction among adult males (Watts and Stokes, 1971).
Sibling males cooperate in displaying to females on a lekking ground
where other sibling groups are also displaying. Although the dominant
male in the sibling group secures most of the matings during the height
of the breeding season, lifetime reproductive success (fitness) of all of
the brothers in the sibling group is presumably increased by mutual
display.
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Female—female

Like males, the females of domesticated bird species typically form
dominance hierarchies. Unlike males, however, dominance relation-
ships between adult females are often reported to be extremely stable
(Schjelderupp-Ebbe, 1922; Hale et al., 1969), and may persist for years
(Schjelderupp-Ebbe, 1922) even after individuals’ competitive abilities
with strangers have declined (Lee et al., 1982). Overt aggression in
established groups is rarer among females than among males (Wechsler
and Schmid, 1998). Establishing and maintaining a social order
requires that individuals recognize one another, or at least recognize
certain signals of status (Pagel and Dawkins, 1997). In fowl hens, status
is affected by individual physical characteristics like age, breed, comb
size/colour and body weight; these latter characteristics can in turn be
affected by state of moult and health, including parasite load (Guhl and
Ortman, 1953; Cloutier et al., 1996; Zuk et al., 1998). These characteris-
tics can have additive influences on status outcomes when dominance
relationships are established (Cloutier et al., 1996). One factor of
particular importance in predicting dominance in a new dyad is each
hen’s recent experience of victory or defeat in an encounter with an
unfamiliar hen (Martin et al., 1997). Hens are also influenced by inter-
actions occurring among other hens. Hens who observe a dominant
flockmate being defeated by a stranger do not initiate attacks against
that stranger, but they will initiate attacks against a stranger if they
see their dominant flockmate defeat that stranger (Hogue et al., 1996).
Steroid hormones also appear to have important effects on female
dominance status. Hens injected repeatedly with androgens demon-
strate a persistent elevation of dominance rank (Allee et al., 1955),
while hens injected with oestrogen either maintain or lose status (Allee
and Collias, 1940; Guhl, 1968).

Affiliative behaviour in females has been less well studied than has
competitive behaviour, but it may be a significant factor contributing
to flock cohesion (Sullivan, 1991). Fowl hens show preferences for
particular hens in their flock, preferences that appear to be unrelated
to the dominance status of the birds preferred (Mench, 1996). Many
behaviours of hens are socially facilitated or synchronized (Mench
et al., 1986; Webster and Hurnik, 1994; Duncan et al., 1998), and hens
also learn by observing one another’s behaviour (Johnson et al., 1986;
Nicol and Pope, 1999).

Male—female

The most conspicuous male—female interactions in domesticated birds
occur during mating. Male courtship displays are generally elaborate,
involving vocalizations and noises, postures, spreading of the feathers
in such a way that the male appears larger and that also emphasizes
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male plumage characteristics, and sometimes colour changes or
enlargement of structures like the snood of male turkeys (Hale et al.,
1969; Wood-Gush, 1971; Kovach, 1975). Females also engage in
behaviours that initiate courtship and also during the courtship
sequence, primarily changes in posture or proximity to particular
males (e.g. Fischer, 1975; Graves et al., 1985).

There has been considerable work on mate selection by females,
particularly in jungle fowl and with respect to the relationship between
mate selection and fitness characteristics. Plumage colour appears
to have little effect on the jungle fowl female’s choice of a mate,
although comb size does (Zuk et al., 1990b; Ligon and Zwartjes, 1995).
Males infected with nematode parasites have smaller combs (Zuk et al.,
1990a), so this suggests that females are assessing fitness using
comb size as a cue. However, jungle fowl females do not select
mates based solely on comb size, but seem to use a suite of labile
morphological characteristics, including comb colour, eye colour
and spur length, when selecting mates (Zuk et al., 1992, 1995).
Similarly, turkey females prefer males with longer snoods and
wider skullcaps, features that are correlated with a lower parasite load
in wild males; snood length may also be an indicator of the male’s
energy reserves (Buchholz, 1995). In contrast, domesticated fowl hens
appear to use aspects of the mating display (Leonard and Zanette, 1998)
as well as morphological features (Graves et al., 1985) in selecting
mates.

In some species males and females may also interact during the
incubation and rearing of the young. In fowl, the hen selects the nest
site, incubates the eggs and rears the young. Bobwhite males and
females, on the other hand, build their nest together, and both incubate
the eggs. The male also remains with the female after the chicks hatch
to help in defending the brood (Johnsgard, 1973).

In fowl, single-sex dominance hierarchies are formed early in life
and aggressive interactions between adult males and females are rare
(Rushen, 1982), except under unusual circumstances (see Section 7.3.3
below on dominance-related problems). However, female quail do
direct aggression towards males (Gerken and Mills, 1993).

Parent-offspring (see Chapter 3)

Social interactions occur for the first time in birds even before hatching
(Rogers, 1995), both among eggs that are in close contact with one
another and between the developing embryos and the incubating par-
ent. Embryonic calls influence the behaviour of the hen by stimulating
her to turn the eggs or to return to the nest to resume incubation.
Embryos respond to particular behaviours and vocalizations of the
hen with calls that further influence her behaviour (Tuculescu and
Griswold, 1983). Exposure to maternal calls during embryonic
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development may be important for the development of post-hatch
species-specific maternal call recognition (Gottleib, 1976).

Although precocial birds (see Section 3.3) are self-sufficient imme-
diately after hatching, parents serve an important protective function
and also teach the chicks about edible and inedible foods during the
first few weeks of life (Schorger, 1966; Nicol and Pope, 1996). Precocial
chicks imprint on their parents during the first few days of life
(Bateson, 1966; Lickliter et al., 1993; Rogers, 1995). Imprinted chicks
maintain close proximity to the imprinting object, which in nature
would normally be the parent. However, under laboratory conditions
chicks will imprint upon a variety of different objects, although there is
a predisposition for them to imprint upon hen-like objects (Johnson
and Horn, 1988). Visual characteristics of the parents are particularly
important in facilitating imprinting (see review in Rogers, 1995), and
particularly cues associated with the head and neck region (Johnson
and Horn, 1988), but olfactory (Vallortigara and Andrew, 1994) and
auditory cues probably also play a role. Chicks can distinguish their
own hen’s maternal call from those of other hens (Kent, 1987). When
the parents and the chicks begin to move further away from the nesting
area, different broods may join together to form ‘créches’.

Siblings

Hatching synchrony in precocial birds is influenced by social inter-
actions among siblings in the nest. Quail and domestic fowl embryos
make low-frequency sounds that retard the development of more
advanced embryos in the brood and ‘clicking’ vocalizations that
accelerate the development of less advanced embryos (Vince, 1970)
and facilitate hatching synchrony (Vince, 1964). Fowl chicks and
ducklings also produce other vocalizations while in the egg and during
hatching (Guyomarc’h, 1974; Gottleib, 1976). In chicks, some of these
calls (Gottleib and Vandenbergh, 1968; Tuculescu and Griswold, 1983)
are similar to those given by hatchlings when they are in close contact,
suggesting that they may serve a communicative function during
pre-hatch development.

In addition to following the parents upon whom they have become
imprinted, chicks recognize and follow their broodmates (Salzen and
Cornell, 1969; Vallortigara and Andrew, 1991). This recognition of
siblings (sexual imprinting) influences the development of later sexual
preferences, since individuals prefer sexual partners who are slightly
different in appearance from their siblings, ensuring outbreeding
(Bateson, 1983; Bolhuis, 1991; Mills et al., 1997).

The post-hatching development of other social behaviours, and
primarily social dominance, has been studied in most detail in jungle
fowl and domestic fowl chicks (Kruijt, 1964; Dawson and Siegel, 1967),
which show remarkably similar patterns of development. Chickens
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give aggressive pecks when they are as young as 2 weeks of age,
although submissive behaviours occur infrequently before 4 weeks.
Separate male and female dominance hierarchies are formed between
6 and 10 weeks of age, with the peak period of hierarchy formation
occurring approximately 1 week earlier in males than in females (Guhl,
1958; Rushen, 1982). Pecking and threatening are unidirectional from
the outset, and chicks initiating agonistic encounters at earlier ages
have higher initial status. Caponization (castration) delays peck order
formation by approximately 4 weeks, probably because it reduces
aggression (Guhl, 1958). Early maturation and endogenous androgen
levels therefore appear to be important factors influencing the develop-
ment of dominance in chicks. Levels of aggression and the peak period
for hierarchy formation during development are also affected by
genetics, since broiler chickens show earlier and lower levels of
aggression than laying stocks (Mench, 1988).

Turkeys develop more slowly than chickens, and the onset of
aggression and dominance hierarchy formation is correspondingly
later (Hale et al., 1969). Aggression begins to be apparent in turkeys at
about 3 months of age, and increases to a peak at 5 months of age when
hierarchies are finally well established. Both males and females form
hierarchies, although males fight more vigorously than females.

7.2 Social Behaviour Under Commercial Conditions

Large-scale commercial poultry production practices for turkeys, quail
and chickens are relatively uniform throughout the world (North and
Bell, 1990; Appleby et al., 1992). However, many people still keep
poultry in ‘backyard flocks’, and the husbandry conditions and social
groupings for these flocks will obviously vary considerably.

7.2.1 Social groupings

Laying flocks

By far the greatest number of laying flocks are of commercial laying
hens (Gallus gallus domesticus) and most of these are kept in small
groups of three to ten birds in cages with space allowances of
350-600 cm? per bird (Fig. 7.1). There are several different designs of
cages, but they are usually made of wire and arranged in rows and tiers
within a building. Most management is automated. The number of
birds on a typical farm varies, but tends to be large, several thousand to
several million birds. The birds are usually reared at one location and
then transported at 16—-18 weeks of age as pullets to the laying farm.
The hens start laying eggs at about 20 weeks of age and are kept until
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Fig. 7.1. Caged laying hens.

72 weeks, or to the point where the production is reduced to an
unprofitable level. In some countries the birds are moulted and kept for
a second or even third production cycle. The only other poultry species
kept primarily for egg production is the Japanese quail. Quail are also
kept in cages but the group size is usually larger, between 60 and 80
birds per cage with a stocking density of 120-160 birds m™2 (Gerken
and Mills, 1993).

Alternatively, laying hens are kept in large groups in litter floor
systems. These are often traditional systems, with a low stocking den-
sity (< 7 birds m™2), and in some countries are combined with an out-
door run, so-called free-range egg production. In recent years there has
been increased interest, especially in Europe, in alternative housing
systems for laying hens (Kuit et al., 1989; Sherwin, 1994; Tauson, 1998;
Huber-Eicher and Audigé, 1999) and quail (Wechsler and Schmid,
1998). These alternative systems are usually designed to combine
high stocking densities with the availability of resources onsidered
important for bird welfare, such as litter, nest boxes and perches.

Meat-type flocks

Many billions of chickens are reared for meat each year in the world. In
the 1950s, the poultry industry began an intense selection programme
to develop a fast-growing strain of chicken that would provide higher
yields of meat in a shorter time than was possible when spent
(end-of-lay) hens were used as the primary source of chicken meat. The
result was the modern broiler chicken, which grows so quickly that it
can be marketed when only 6-7 weeks of age, while still juvenile.
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Broiler chickens are raised in large groups of 10,000-70,000 on litter in
either semi-enclosed or environmentally closed houses (Fig. 7.2). The
typical stocking density varies from 35 to 50 kg liveweight m™2. Since
males grow more quickly than females, broilers are usually raised in
single-sex groups to ensure that body weights are more uniform when
the birds are processed. Females may be processed at an even younger
age (3 weeks) and sold as Cornish game hens, while males may some-
times be kept for as long as 10-12 weeks and then sold as roasters.
Although attempts have been made to develop cage-rearing systems for
broilers there are problems with carcass quality in these systems, so
they have not been widely adopted.

Meat-type quail and turkeys are housed under conditions very
similar to those of broiler chickens, in groups of several thousand birds
on litter floors, although cage rearing systems, particularly for late-stage
growing, are also under development for quail (Gerken and Mills, 1993;
Shanaway, 1994). Approximately 70—100 quail are housed per square
metre on the floor in mixed-sex groups. Bobwhite are given more space,
particularly if they require flight practice because they are to be
released for hunting (Skewes and Wilson, 1990). Turkeys used to be
kept on range for at least part of the year but are now typically housed
intensively.

Breeder flocks

Natural mating is still the rule for the production of chicken and quail
young, although all turkey offspring are now produced by artificial
insemination. Breeder chickens are housed in bird flocks of several

Fig. 7.2. Broiler chickens. Photograph courtesy of Carolyn Stull.
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thousands in semi-enclosed or enclosed housing on litter or wire. The
male—female ratio in breeder flocks is about one male to 8—15 females,
depending on the strain of chicken, kept at a space allowance of about
0.2—0.3 m? per bird. There is more opportunity for the birds to use the
three-dimensional space in breeding houses than in broiler houses,
since breeding flocks are provided with nest boxes and often also a
slatted elevated area that can be used for perching (Fig. 7.3). Since
strains of broiler chickens have been selected for rapid weight gain,
birds to be kept for breeding are kept on a restricted diet so they are not
too heavy as adults. There may even be separate sex feeding in breeding
flocks to prevent males from becoming overweight and thus showing
reduced mating activity. Breeding quail can be housed either in floor
pens or in small breeding groups in cages (Skewes and Wilson, 1990;
Shanaway, 1994). For Japanese quail, one male is housed for each two
to three females in a cage, but a few more females can be housed per
male in floor pens. Caged breeder bobwhites are generally kept either in
pairs or trios (one male and two females).

The poultry industry moved to artificial insemination for turkeys
some time ago because of problems with fertility, primarily because
males had difficulty mating due to their size and conformation. Males
(toms) and females are housed on litter in separate buildings, the males
in small (10-15 bird) stud flocks and the females in bird flocks of
several thousands. Space allowances are about 2.5-3.5 m? per bird
(Breeder Management Guide, undated). Attempts to house breeder
turkeys and chickens in cages have so far been unsuccessful because
the birds develop foot and leg problems that interfere with mating.

Fig. 7.3. Broiler breeders in a typical housing facility. The slatted area with nest
boxes can be seen at the side of the house. Photograph courtesy of Joseph Mauldin.
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7.2.2 Social effects on production

Almost all domesticated birds used for food production live in groups,
so there are many direct and indirect social effects on production. For
example, in laying hens there is a complex interrelationship among
social rank, aggression, feeding behaviour and egg production. Hens
selected for early sexual maturity and high egg production are more
aggressive than, and dominant to, unselected hens, although these
differences tend to disappear somewhat as the birds mature (Lowry
and Abplanalp, 1972; Craig et al., 1975). Higher-ranking hens may
have better egg production than the lowest ranked bird in a cage
(Cunningham and van Tienhoven, 1983), possibly because the higher
ranked birds have greater access to the feed. However, this effect
may be related to whether or not there is sufficient trough space
(Cunningham and van Tienhoven, 1983; Adams and Craig, 1984). Most
aggression is seen at the feed trough, implying some competition.
Nevertheless, the level of aggression in cages is generally low. The
most common reason proposed for this is that the small group size in
cages allows the hen to establish a stable dominance hierarchy.

In broiler breeders, social effects on feeding behaviour can have
negative consequences for both egg production and fertility. Broiler
breeders are feed restricted to control body weight. If dominant birds
are successful at out-competing subordinates and thus consume more
than their daily allocation of feed, they can become obese and lose
reproductive condition. For this reason it is especially important that
broiler breeder flocks have sufficient feed trough space so that all birds
can feed at the same time.

Social effects can enhance as well as decrease feeding. Laying
hens choose to feed close to each other when given a choice of feeding
locations (Meunier-Salaiin and Faure, 1984), demonstrating the
importance of social attraction. Hens in the same cage and in
neighbouring cages synchronize their feeding (Hughes, 1971; Mench
et al., 1986; Webster and Hurnik, 1994) and birds show socially
facilitated feeding, in particular pecking more at the feed when with a
companion than when alone (Keeling and Hurnik, 1996).

Besides feeding behaviour, social effects are also important with
respect to the choice of nest sites. In non-cage systems, eggs laid
outside the nest boxes are a problem because they are more time
consuming to collect and are often downgraded. Since hens choose to
lay their egg near other eggs and other birds (Appleby et al., 1984:
Sherwin and Nicol, 1993) eggs that are laid on the floor and not
collected may attract other birds to lay on the floor. In addition, hens
may lay their eggs on the floor due to social effects. Birds may be
less likely to approach a nesting site during the initial stage of nest
searching if there is a dominant or unfamiliar individual nearby
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(Friere et al., 1997), or they may stay for a shorter time at the nest site
after laying (Lundberg and Keeling, 1999). Subordinate hens are also
displaced more often from the nests (Friere et al., 1998).

Social factors, and in particular social status (see Section 1.5), can
also affect patterns of reproduction in breeding flocks (Ottinger and
Mench, 1989). Subordinate roosters are delayed in showing sexual
behaviour even when they are not in direct competition with other
males (Grosse and Craig, 1960). In small to moderate-sized flocks of
fowl, high-ranking roosters mate more frequently (Guhl et al., 1945;
Guhl and Warren, 1946; Lill and Wood-Gush, 1965) and sire more off-
spring (Jones and Mench, 1991) than low-ranking males. Several factors
appear to contribute to the lower mating frequency of subordinate
males. Dominant cockerels may interfere directly with matings by
subordinate males (Guhl and Warren, 1946; Kratzer and Craig, 1980;
Pamment et al., 1983). In addition, hens play an active role in selecting
mates (Lill and Wood-Gush, 1965); they may space more closely to
dominant males (Graves et al., 1985) and actively avoid matings by
undesirable males (Rappaport and Soller, 1966). Paradoxically, high-
status females are less likely to crouch for males than are low-status
females (Guhl et al., 1945). The result in a large breeder unit could be
that only a limited number of males mate and that a proportion of
females are rarely mated, lowering overall flock fertility. This would
represent a particular problem in broiler breeder flocks if the dominant
males secure most matings but are also the ones that consume most
feed and hence are in the poorest reproductive condition. Social effects
on mating behaviour are influenced by factors such as flock size and
housing density (Craig et al., 1977; Kratzer and Craig, 1980; Pamment
et al., 1983), so some of these effects may be minimized in the large,
high-density flocks typical of the poultry industry. But there is no
definitive information about this, since it is extremely difficult to study
individual patterns of behaviour in such large flocks.

Group composition can also affect production. It is common to
house breeding males and females separately during the early part of
the growing cycle. In chickens, exposure to females at an appropriate
age is important for the development of normal male sexual behaviour
(Siegel and Siegel, 1964). Males raised in single-sex groups show
less sexual behaviour at 20 weeks of age than males raised in mixed-
sex groups, although these differences disappear as the males gain
sexual experience (Leonard et al., 1993). Quail males have increased
testosterone concentrations when they are housed with females
(Delville et al., 1984). Production in females is also influenced by the
presence of males. The onset of egg production is earlier in laying hens,
and egg production is higher in female turkeys, if they are able to at
least see and hear males (Jones and Leighton, 1987; Widowski et al.,
1998).
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7.2.3 Effects of group size and space allowances on social behaviour

The effects of group size (see Section 2.5) and space allowances on
social behaviour have been studied in most detail in laying hens.
In many early experiments there was a confounding of group size
and space allowance because different numbers of birds were placed
in the same size enclosure. Nevertheless from these experiments, in
combination with experiments investigating group size and area per
bird separately, certain general trends are apparent. With increasing
group size there is an increase in mortality, feather and skin damage,
and a decrease in egg production (Hughes and Duncan, 1972; Allen
and Perry, 1975; Biléik and Keeling, 1999). Increasing group size also
results in larger adrenal and thyroid gland weights (Flickinger, 1961).
Increased stocking densities result in increased mortality, decreased
egg production (Adams and Craig, 1984) and increased feather damage
and cannibalism (Hansen, 1976; Adams et al., 1978; Simonsen et al.,
1980).

Although there is generally clear evidence for detrimental effects of
larger group sizes and higher stocking densities (Adams and Craig,
1984), there is an apparent curvilinear effect of increasing stocking
density on aggression. Agonistic behaviour is highest when birds are
kept in cages at an intermediate density of 824 cm? per bird as com-
pared with a higher density of 412 cm? per bird or lower densities of
1442 and 2884 cm? per bird (Al-Rawi and Craig, 1975). This is probably
attributable to inhibitory effects on aggression at high densities in
cages. For example, agonistic acts between domestic hens are inhibited
by the presence of an overriding dominant third party (Craig et al.,
1969; Ylander and Craig, 1980 ). In addition, cages are too low to allow
the birds to raise their heads in a threat, and aggression is provoked by
an approaching bird rather than by a bird who is in continuous close
proximity (Hughes and Wood-Gush, 1977). In observations conducted
in a perchery system with stocking densities of 9.9, 13.5, 16.0 and 19.0
birds m™2 there were no effects of density on agonistic interactions
(Carmichael et al., 1999). This difference between cages and perchery
systems suggests that the interaction between group size and density
may be important. Such effects were studied in hens given a choice to
approach groups of different sizes at different densities in a T-maze.
The results showed that, while small group sizes were preferred, there
also needed to be sufficient space (Lindberg and Nicol, 1996a).

Basic research on the spatial requirements of laying hens has pro-
vided little evidence that birds possess a personal space around them
(Lill, 1969; Faure, 1985), and it is more likely that spacing is a balance
between attraction and repulsion between birds resulting in different
appropriate inter-individual distances under different circumstances
(Keeling and Duncan, 1991). However, using this to determine optimal
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space allocations for commercial groups of laying hens is far from
simple (Keeling, 1995) and it is suggested that space should not only be
regarded quantitatively, but consideration given to what is in the space
(Hughes, 1983). Inter-individual distances have also been recorded
in selected lines of quail. While birds selected for many generations
for high social reinstatement had the predicted small inter-individual
distances initially, this did not hold at older ages (Mills and Faure,
1991), hinting that spatial requirement may not be constant over time.
Certainly familiarity between hens affects how they space themselves
and this changes over time (Lindberg and Nicol, 1996b).

Basic research on the effect of group size on spatial organization
has proved equally complicated. As described previously, jungle fowl
usually live in small heterogeneous groups, but domestic fowl kept for
commercial egg production are kept in homogeneous groups composed
entirely of females. The group size is small if the birds are kept in cages,
or may contain several thousand individuals in floor housing systems.
Even in breeding flocks, where males and females are kept together, the
group size is usually several thousand. At no time are young, juvenile
and adult birds kept together in the same flock and, in fact, this is
strongly discouraged on disease grounds.

At close distances (Dawkins, 1995), laying hens are able to distin-
guish between familiar flockmates and unfamiliar birds and usually
show agonistic behaviour with unfamiliar birds (Craig et al., 1969).
Hens can also discriminate between flockmates that are higher in the
hierarchy and flockmates that are lower in the hierarchy (King, 1965;
D’Eath and Dawkins, 1996). Dim or coloured lighting can affect this
ability to discriminate, which has implications for light management
strategies in houses. For example, hens in a choice test discriminated
between familiar and unfamiliar hens only in bright white light and
seemed to have most difficulty under red lighting conditions (D’Eath
and Stone, 1999). There is an often quoted paper (Guhl, 1953) stating
that birds can recognize and form stable relationships with at least 100
others, but this experiment is open to alternative interpretations and
has not been confirmed. More information on individual recognition is
presented in Chapter 14 on social cognition.

Although it is theoretically possible that dominance hierarchies
can exist without individual recognition (Wood-Gush, 1971; Barnard
and Burk, 1979) it is generally thought to be very unlikely that birds in
large flocks could form a hierarchy. Thus, birds in large commercial
flocks may be in a constant state of trying to establish a hierarchy but
never achieving it. Alternatively, they might restrict their movements
to stay with subgroups of birds they know and recognize or, finally,
they may use a social mechanism other than hierarchy formation in
large groups. There is some evidence to support each of the above argu-
ments. As reported previously, mortality, production and behavioural
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problems are all worse in large groups of hens, implying that they
might not have succeeded in establishing a stable social organization.
There is some evidence that hens form subgroups (Oden et al., 2000),
although other researchers have not found any evidence for them
(Hughes et al., 1974). Whereas hens in small groups are aggressive
towards each other when mixed, hens in large groups are not (Hughes
et al., 1997). The proposal that laying hens in very large groups may
move away from a mechanism based on individual recognition and
remembered dominance relationships towards estimating dominance
relationships based on visual cues such as body size or comb size has
some theoretical basis (Pagel and Dawkins, 1997).

Group size and stocking density seem to have fewer obvious
effects on broiler chickens, perhaps because they are quite unaggressive
and too young to have fully formed a social hierarchy (Mench, 1988;
Preston and Murphy, 1988; Estevez et al., 1997). Movement patterns
in broilers decrease with age as stocking density increases, but thi