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PREFACE

These Proceedings are the 27th in a series organized by the United Kingdom
branch of the World’s Poultry Science Association. The Symposium Committee
introduced some changes from previous meetings. Firstly, the chosen topic was
broader and included several scientific disciplines. As a consequence, the pro-
gramme was longer and extended over 3 days instead of the usual 2. Secondly, the
topic was chosen because the publication of the Proceedings would precede a
review of the EU Welfare of Laying Hens Directive and it was intended that the
Symposium would include the most recent scientific information for the review
body. Thirdly, the panel of scientific speakers was extended to include views from
Government, European veterinarians, World Trade implications, retailers, con-
sumers and producers. It is hoped that this wide panel of experts will help the
reader to better understand the issues arising from the demand for higher stan-
dards of welfare for laying hens. The extended group of speakers, referred to as
the Stakeholders, illustrated some of the conflicting issues facing the UK and
European egg industries as 2012 approaches. Will Europe be able to produce
eating eggs on a competitive basis with the rest of the world? Will higher welfare
standards in Europe lead to increased imports from non-EC sources where welfare
standards may be lower? How can we reconcile public demand for higher welfare
standards with increased production costs, with the implication that whilst we
might demand improvements in welfare, purchasers may be unable or unwilling to
buy eggs from the ‘improved systems’? The stakeholder papers highlight the chal-
lenges and anticipated problems that lie ahead.

A quick review of the scientific papers shows the extent to which the knowl-
edge base of hen welfare has increased in recent years. The emphasis on hen
welfare research during and since the early 1990s has resulted in a large increase
in papers published in the last decade, many of which are cited in the Reference
sections of the chapters in this Volume.

The scientific section of the Symposium began with two comprehensive
reviews before turning to more specific topics. The sessions dealing with percep-
tion and cognition, genetic influences and behaviour perhaps illustrate best the
advances made in our understanding of laying hen welfare. The issues of stock-
manship and the quality of the environment have also received considerable atten-
tion in recent times and there were reminders that disease can pose serious
challenges to the welfare status of hens. These latter aspects may assume even
greater importance with the development and introduction of alternative systems
of egg production. Lastly, transportation and slaughter were considered. Almost all
hens will have been transported at least three times during their life — hatchery to
rearing farm, then on to the production unit and finally from there to the
slaughter plant. The relatively short time spent in transit should not encourage all
those concerned to overlook the severe welfare challenges that exist. It is also

Xiii
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incumbent upon those involved to ensure that all birds are humanely treated at the
abattoir.

The Symposium concluded with a Summary session. This highlighted some of
the new information that was presented and also identified areas where more
research was required.

It is a matter of regret that two speakers were unable to submit papers for
inclusion in these Proceedings. Both papers had associations with veterinary
matters and their absence misses an opportunity to represent and reinforce views
expressed at the Symposium that health and disease is an integral aspect of hen
welfare and will be one focus of attention in the alternatives to the battery cage
system.

I am indebted to the Organizing Committee for their contributions to the
Symposium and trust that all the delegates and those readers who resort to these
Proceedings will feel that the original objectives were attained.

Organizing committee: G.C. Perry (Chairman); L. Craig; P.M. Hocking; R.B.
Jones; C. Le Sueur; M.A. Mitchell; C.J. Nicol; D.G. Parsons; J.A. Parsons; N.B.
Prescott; A. Walker; C.M. Wathes

Administrative secretaries: Rita Hinton; Christine Rowlings
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CHAPTER 1
The importance of welfare

J.K. Kirkwood

Universities Federation for Animal Welfare and Humane Slaughter
Association, The Old School, Brewhouse Hill, Wheathampstead,
Hertfordshire AL4 8AN, UK

ABSTRACT

To whom are high standards of animal welfare important? They are important to con-
sumers (more to some than others), to farmers and to the animals themselves. Although
we have no more direct access to the minds of other humans than to the minds of hens,
observations indicate that the typical consumer in the UK believes that farm animals can
suffer if not cared for well, and that he or she does not like to think that this might
happen in the production of his or her food. Farmers also share these concerns but have
an additional interest in high standards of welfare for their animals because these corre-
late, at least to some extent, with good health, high productivity, improved marketabil-
ity and profitability. For the animals themselves, if we assume that their minds, like our
own, provide the conscious awareness of pleasant and unpleasant feelings associated
with brain states induced by various sensory inputs and cognitive processes; welfare —
the balance of the complex interaction of these feelings throughout their lives — is not
just important, it is absolutely all that matters. The concern that animals should not have
to endure unpleasant feelings is what animal welfare is all about. In taking increasing
control of animals’ lives through selective breeding and through the imposition of par-
ticular husbandry systems, we have acquired a great responsibility for the quality of their
feelings. The welfare of vast numbers of animals — now and into the future — depends
upon how we, as a society, prioritize and tackle this responsibility.

Through evolution, species have adapted to exploit an extraordinary range of
niches. Despite the extreme demands of some of these niches, there are animals that
not only survive, but even thrive, in seemingly adverse conditions. Nevertheless, there
are limits to adaptability. Modern laying hens have been selected for outstanding rates
of production, and husbandry systems generally involve shaping the environment to
help maximize this. However, in recent years, increasing emphasis has been placed on
selection for welfare.

[ have been asked to address, in this chapter, the importance of welfare. This is
an interesting assignment: the implicit question — what is the importance of animal
welfare? — is an intriguing one. This would not be the case if we all, regardless of back-
ground, age, sex, nationality or lifestyle, shared a common understanding and held
exactly the same views on the subject, but clearly we do not. In fact, there appears to
be a very considerable diversity of opinion about the importance of animal welfare,
both among individuals and among the positions adopted by nations. The latter is, or

©CAB International 2004. Welfare of the Laying Hen (ed. G.C. Perry) 1
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certainly has been, a significant factor in inhibiting developments for farm animal
welfare since, in a free market, global or otherwise, it is hard for producers who pursue
the highest welfare standards to compete economically with those who do not.

We — now more than 6 billion of us and with a population that is continuing to
grow rapidly — inhabit a small planet with a finite annual productivity of organic matter
(food) limited largely by the sunlight falling on it. The annual terrestrial production of
organic matter is about 150 petagrams (Vitousek et al., 1986; [UCN/UNEP/WWEF,
1991), which is equivalent to around 500 x 10® kcal/year. To a remarkable extent,
we now influence the apportionment of this resource amongst animal species. It has
been estimated that we share the planet with some 30 million other species, and tens
of thousands of these are generally assumed to be sentient (there are, for example,
more than 20,000 species of terrestrial vertebrates). Managing this situation — (i)
meeting the requirements of the still very rapidly growing human population, whilst (i)
protecting biodiversity and (i) protecting the welfare interests of other sentient species
(at least those for which we are responsible) in this closed system — presents a very
daunting challenge.

Why should we be concerned about protecting the welfare interests of animals and,
more specifically in the context of this book, of poultry? This chapter will discuss the
importance of animal welfare by addressing six questions: To whom is it important?
What is it? Since when has it been important? What is the biological basis for concern
for it? Why is it important? and How important is it?

TO WHOM IS WELFARE IMPORTANT?

There are three main parties to whom welfare is important. First and foremost, it
is important to the hens themselves and, largely because of this, it is important also
to farmers, to consumers and to the public in general. As far as the hens are con-
cerned, [ would argue that good welfare is not just of some interest but that it is
the only thing that matters to them. If a hen’s mind, like ours, provides the con-
scious awareness of pleasant and unpleasant feelings (associated with brain states
induced by various sensory inputs and cognitive processes), welfare — the balance
of the complex mixture and interaction of these feelings — is all that matters.

Although we may not have any better access to the minds of other humans
than to the minds of hens, perhaps it is fair to observe that the typical consumer
in the UK believes that farm animals can suffer if not cared for well and that he or
she does not wish this to happen. The problem is that whilst this might summarize
the position of a very large majority of consumers, there is great variation (within
and between nations) in how important the matter is taken to be, and great varia-
tion also in opinions and expectations about what constitutes ‘caring for animals
well’. Housing that some people believe to be well-designed to meet the welfare
requirements of hens may appall others. As for the farmers’ perspective, they
share the consumers’ view about not wishing to cause suffering but have an addi-
tional interest in high welfare standards because these correlate, at least up to a
point, with productivity (e.g. animals in poor condition will not be maximally pro-
ductive) and, in some cases, with marketability and profitability.
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WHAT IS WELFARE?

Welfare is one of those words that, at least in common use, often represents an
assortment of vague notions. These may be to do with health, pleasant feelings,
pastoral harmony or other concepts (see Fraser et al., 1997). Like ‘freedom’ —
another loose idea that we are all in favour of for ourselves — the concept almost
always needs to be more tightly delineated before it can be put to any sensible use
in debate, let alone practice.

Prior to becoming a member of the Royal College of Veterinary Surgeons, and
thus being permitted to diagnose and treat animal diseases in the UK, all candi-
dates must make a solemn declaration: ‘... that my constant endeavour will be to
ensure the welfare of animals committed to my care’. The phrases ‘constant
endeavour’ and ‘committed to my care’, are clear and fairly unambiguous; but I
suspect that the understanding of ‘welfare of animals’ — despite the pre-eminence
it has always been given by the veterinary profession in this way — has varied
between individuals and with time.

My own view is that welfare is about the balance of the quality, throughout life,
of the complex mix of feelings associated with brain states induced by various
sensory inputs and cognitive processes. As such, although about feelings, it is
clearly related to states of physical health because diseases and injuries can affect
feelings. However, concern for welfare does not merely correspond to concern for
health, since one can have concern for health without having any concern for
welfare (as, for example, gardeners do for their plants). Concern for welfare is for
the animal’s feelings (present and future) and we reserve the term ‘welfare’ for
animals because we believe that only animals have feelings.

So what do we know about hens’ feelings? We cannot know how hens feel —
how it feels to be a hen — we can only make inferences based on our assessment
of their physical state and behaviour, taking into account our knowledge of their
neural capacities and in the light of our own experiences. In view of the obvious
difficulties, it is appropriate to be cautious about making such inferences. In inter-
acting with other humans we make inferences about feelings all the time but, in
this case, whilst we cannot be certain that sensory stimuli and emotive thoughts
feel the same to us as they do to other people, the fact that we share the same
brain design and that verbal reports are often consistent with our own experiences,
makes this quite plausible. To make inferences about how life feels for birds
requires a very much greater inferential leap. Our last common ancestor with birds
was a primitive anapsid reptile that lived about 300 million years ago. At that stage
of their evolution, our distant ancestors’ brains were relatively basic: many neuro-
anatomical developments have occurred in both hen and human lineages since that
time.

Avian and mammalian brains have thus evolved along separate paths for a
very long time. So, although there have been remarkable advances in knowledge
of the specific brain regions, and even circuitry, involved in the generation of feel-
ings in humans and in which capacities for feelings may be lost when specific areas
are damaged (e.g. Damasio, 1999, 2003), and although this knowledge offers a
possible approach to speculation about feelings in other mammals, this is compli-
cated, if not precluded, in birds, because of the fundamental differences, particu-
larly in the anatomy of the forebrain.

To conclude this section, welfare is about feelings. Feelings are subjective and
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we cannot know for certain, or easily test our inferences about, how animals feel.
This is a fact that we just have to accept. Nevertheless, knowledge of the neural
basis of feelings is advancing rapidly and it seems reasonable to suppose that, in
time, the bases for our inferences about the feelings experienced by hens and other
animals may become firmer. With our present, limited, state of knowledge, it is
reasonable to suppose that welfare — the balance of feelings — is very important (is
all that matters) to hens.

SINCE WHEN HAS WELFARE BEEN IMPORTANT?

Life on earth began some 4 billion years ago. If sentience evolved with the verte-
brates (with the exception of the common octopus, Octopus vulgaris, this is where
the line is drawn in the Animals (Scientific Procedures) Act 1986), there may have
been sentient species — animals that could suffer — for the last 450 million years or
so. Furthermore, if this is so, then there is no doubt that unimaginably vast
numbers will have suffered appallingly, bearing in mind, to quote Darwin (1859),
that:

each organic being is striving to increase at a geometrical ratio; that each at
some period of its life, during some season of the year, during each generation
or at intervals, has to struggle for life and to suffer great destruction.

However, concern for the welfare — the feelings — of other species has arisen only
very recently in evolution. Although some non-human animal species may show
behaviours suggestive of feelings akin to those in humans that are the emotional
drivers for concern for animal welfare, before the evolution of humans there were
no brains on earth in which the concept of animal welfare could germinate or
reside. The emergence of our own species, Homo sapiens, is obscure but it may
have occurred only within the last few hundred thousand years (Carroll, 2003).
Concern for the welfare of farm animals may be as old as farming — about
10,000 years — but concern for welfare is not, in itself, much use unless combined
with knowledge of how to prevent or alleviate the problems, and it is likely that
very many welfare-costly mistakes were made in the early days of stock husbandry.
The developments in knowledge and technology that have enabled such significant
interventions for animal welfare as providing nutritionally balanced diets and treat-
ing and preventing infections have, for the most part, been very much more
recent.

Only in the last 100 years or so, and largely in the latter stages of this period,
has the subject begun to receive concerted scientific, ethical and legal attention.
The agreement reached by the European Heads of State at the Amsterdam
Summit (June 1997) to make provision in the Treaty of Rome (which established
the European Community in 1957) to

... ensure improved protection and respect for the welfare of animals as sentient
beings

reflects the significant point in the progress of western culture that has been
reached through this attention. Perhaps only the most curmudgeonly would argue
that the agreement could have been better worded (... for the welfare of sentient
animals).
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WHAT IS THE BIOLOGICAL BASIS FOR CONCERN FOR WELFARE?

It is interesting to speculate on how the human tendency for concern for animal
welfare may have arisen. What is its biological basis? The question is of interest
because the answers may be relevant in explaining why there is such a wide vari-
ation in views about animal welfare, and in trying to promote a better consensus
worldwide. Various possibilities about the biological origins of concern for animal
welfare can be proposed.

e [t may have arisen as an adaptation. This could have occurred if, for example,
farmers with a genetic tendency to empathize with the feelings of their stock had
reaped such evolutionary advantages as a result of their better stockmanship that
their genetic tendency for animal empathy spread widely during human evolu-
tion.

@ It could be a manifestation of imprecise focusing of the motivation to care for
offspring or other members of a social group. Evolution has equipped us, and
many other animals, with powerful motivation to care for our offspring. The
concern of humans for the welfare of other animals might be due to the trigger-
ing of this motivation, but by non-conspecifics, as can happen in non-humans;
as for example when females of one species rear or tend the offspring of others.
This occasionally occurs in the wild but can easily be engineered in captivity (for
example, de Waal (2001) describes the case of a tiger reared by a bitch in an
Indian zoo). There is evidence, therefore, that the evolutionarily important moti-
vation to care for offspring can easily be ‘tricked’: it is powerful but can be
remarkably indiscriminate.

e Alternatively, the origins of concern for animal welfare may be cultural and
linked to our (recent) increase in knowledge about biology and about feelings,
and to the associated clarification of our ethical tenets.

The first of these possibilities seems less likely than the other two, but perhaps all
three factors may have played a part in leading us to the point at which concern
for animal welfare, or at least the potential for this concern, is quite widespread
and, apparently, readily triggered.

WHY IS WELFARE IMPORTANT?

As argued above, to the hen, welfare is all that matters — there is nothing else. To
the farmer, the hen’s good welfare is important because it matters to the hen;
because, within limits, there is a positive correlation between good welfare and
productivity; and because, where consumers demand high welfare standards, it can
lead to benefits in terms of profitability. Finally, good animal welfare is important
to (some) consumers because: (i) the potential for strong motivation for the welfare
of (some) other animals appears to be part of human biology; (ii) many cultural/reli-
gious traditions encourage efforts to care for animals; and (iii) there is a growing
consensus about the importance of good welfare based on a greater understand-
ing of animals and of our ethical responsibilities for them.
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HOW IMPORTANT IS WELFARE?

It is meaningless to discuss how important good welfare is to animals: as argued
above, for those animals whose minds provide conscious awareness of pleasant
and unpleasant feelings, how they feel is all that matters to them. Unlike humans,
other animals pursue no projects against which their interest in their good welfare
might be compared. It is possible, on the other hand, to assess the relative impor-
tance of some of the factors that contribute to animals’ good welfare by measur-
ing preferences and strength of motivation for (or of aversion to) various
commodities. There has been considerable interest in this approach in the last
three decades. For example, in a recent study, Cooper and Appleby (2003) con-
cluded that hens place a higher value on gaining access to a nest site prior to egg-
laying than they do on gaining access to food after 4 hours’ fasting.

There is no objective arbiter, however, as to the importance of animal welfare
in general or with regards to particulars such as, for example, the importance — in
the light of the Cooper and Appleby’s finding (see above) — of providing nest sites
for laying hens. The importance of animal welfare to each of us is that which we
assign to it, and its importance to society is established by society as a whole
through the stances it adopts and the legislation it sets.

As understanding of the science of animal welfare has developed, so too has
the importance that society has come to attach to the pursuit of high welfare stan-
dards.

THE WAY FORWARD

Major advances in animal welfare will come through scientific developments.
Animal welfare science is important, not just because it provides crucial informa-
tion about animals’ needs and how these needs can be met, but also because it can
provide reliable information for society, and it is the public who ultimately dictate
welfare standards. In the long run, a better global consensus about the importance
of animal welfare is the key to avoiding the economically corrosive effects of
cheap, poor-welfare systems and to encouraging the development of modern
welfare-friendly systems. Science will help to establish this global consensus.

It is a difficult branch of science and one that is still in its infancy. Efforts to
gain further insight into animals’ feelings through the study of the neural machin-
ery involved in generating feelings, and through behavioural studies that inform us
about the kinds of phenomena of which animals are aware and about their
responses to them — insights that are crucial if the welfare needs of animals are to
be properly met — are likely also to influence public perceptions about the impor-
tance of animal welfare.

The concern that animals should not have to endure unpleasant feelings is
what animal welfare is all about. In taking increasing control of farm animals’ lives
through selective breeding and through imposition of particular husbandry
systems, we have acquired a great responsibility for the quality of their lives. The
welfare of vast numbers of animals — now and far into the future — depends upon
how we, as a society, prioritize and tackle this responsibility.

Through evolution, species have adapted to exploit an extraordinary range of
niches. Despite the extreme demands of some of these niches, there are animals
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that not only survive, but even thrive, in them. Nevertheless, there are limits to
adaptability. Modern layers have been selected for their high rates of production,
and husbandry systems generally involve shaping the environment to help maxi-
mize this. However, in recent years, increasing emphasis has been placed on selec-
tion for welfare-relevant traits and on determining and providing the environmental
needs for good welfare. We must strive for world-wide agreement that efforts in
these directions are of central importance in the continuing development of the
animal production industry.
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CHAPTER 2
Hen welfare: the consumers’ perspective
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ABSTRACT

Against a backdrop of falling egg consumption, cholesterol and salmonella scares, the
UK egg industry has positioned itself as an efficient and competitive industry which is
not reliant on subsidies. The introduction of the Lion scheme, along with its associated
promotional campaign and greater innovation on the part of suppliers, seems to have
arrested the decline in egg consumption in the UK. It is suggested that consumers in
the UK are more concerned than ever about how their food is produced in terms of
quality and food safety, and also demand assurances on animal welfare. Information on
welfare assurance, method of production and country of origin is now provided on food
packaging labels. The proliferation and promotion of quality assurance schemes in the
food industry are intended to build consumer trust in the quality of the product and to
encourage consumers to seek out these products in the market outlets.

Egg producers are now faced with the task of ensuring higher welfare standards to
comply with the regulations laid down in the EU Directive 1999/74/EC. Whilst
improved hen welfare is always desirable, the literature reviewed suggests that the
resultant internalized cost of production, along with increasing trade liberalization under
the auspices of the WTO, will have a considerable effect on the industry. Studies have
shown that this will place the EU and UK egg industry in an uncompetitive position for
both shell eggs and egg products. The concern is that these directives will encourage
increased production of eggs in non-EU countries and increase the volume of imported
eggs into the EU and UK. These eggs may have been subjected to less restrictive pro-
duction controls, using products banned in the EU due to food safety concerns, leading
to an effective shift in welfare problems from one region to another. Although there
has been an increase in sales of eggs from alternative production systems in the UK,
the larger share of the retail market in packaged eggs and eggs sold for catering pur-
poses is represented by the output from caged hens. Those consumers who are pre-
pared to pay more for what they perceive to be higher standards of animal welfare
already have the opportunity to do so, through the availability of barn, free-range and
organic eggs.

This chapter investigates whether this legislation is customer-led and evaluates the
factors influencing consumer choice and attitudes towards the purchase of eggs. It ques-
tions whether consumers are aware that the various production systems have different
costs attached and whether they are prepared to pay for these increased costs. It high-
lights that whilst consumers indicate that an important factor in their buying decision is
the type of production system the eggs came from, their knowledge of each system is
limited and their views are not necessarily reflected in their purchasing behaviour. The
chapter considers the many challenges that these factors pose to the industry.

©CAB International 2004. Welfare of the Laying Hen (ed. G.C. Perry) 11
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SETTING THE SCENE

Consolidation is a key feature in the UK egg industry and mirrors developments in
other food sectors in the search for economies of scale and for ways to increase
or maintain market share. It also enhances the ability to develop innovative prod-
ucts in an increasingly competitive environment.

The number of birds in the national flock is declining each year, while the
number of laying units is tending towards fewer but larger units (Poultry World,
2001), where over three-quarters of the UK laying flock are now housed in units
of over 20,000 birds. Almost three-quarters of hen eggs (72%) are produced
within the caged house system, with the remaining shell eggs coming from free-
range (23%) and barn hens (5%) (BEIC, 2002b).

THE LION MARK

The Lion scheme was reintroduced in 1998 with a strict code of practice, which
incorporates both farm assurance and quality assurance, in order to build brand
value and regain trust and loyalty. The Lion scheme, along with its associated pro-
motional campaign and greater innovation on the part of suppliers, seems to have
arrested the earlier decline in egg consumption in the UK and seeks to benefit all
parties in the supply chain. For consumers the scheme provides the assurance of
less risk of salmonella poisoning, fresher eggs, and eggs produced to more rigor-
ous production standards. Indeed, it has been reported to achieve a high level of
recognition (75%) and understanding by consumers (Parrott, 2001; BEIS, 2002;
Serati-Shirazi, 2003). For the industry, it not only results in a reduction in salmo-
nella, but also attempts to develop trust and loyalty in the home-produced product
against the threat of cheaper egg imports from other countries. Since its high-
profile launch, there has been an increase in the sales of eggs. It could be ques-
tioned whether this increase in sales is due to the trust placed in the Lion brand or
through exposure to the intense advertising campaign. For retailers, the Lion
scheme provides them with an insurance, allowing them to offer their customers
the promise of due diligence in the food production and supply process, through
improved food safety and traceability.

LEGISLATION AND COMPETITIVENESS

Egg producers are now faced with the task of ensuring higher welfare standards in
accordance with the regulations contained in EU directive 1999/74/EC. Whilst
improved hen welfare is desirable, it is suggested that the consequent internalized
cost of production, along with increasing trade liberalization under the aegis of the
WTO, will have a large effect on the industry. Studies have shown that this will put
the EU and UK egg industries into an uncompetitive position for both shell eggs
and processed egg products (BEIC, 2002a; van Horne and Bondt, 2003).
Although fundamentally an efficient industry, egg production in the UK has higher
production costs (approximately 40% higher than in the USA) from ‘cost internal-
ization’ driven by legislation and consumer demands. It is estimated (BEIC, 2002a)
that extra costs incurred by 2012 will result in an additional production cost of
18.94 pence per dozen. The additional costs imposed by EU/UK legislation are
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concerned with food safety, animal welfare and the environment. The feeding of
mammalian meat and bone meal is prohibited by EU law but this is not the case
in the USA and Brazil. Testing for salmonella, shell marking, costs of disposal of
end of lay hens, prohibition of low-grade cooking oils in animal feeds and the use
of therapeutic antibiotics all contribute to the distortion of trade. The legislation
associated with animal welfare through the specification of cage space require-
ments and prohibition of beak trimming in the UK, and environmental regulations,
will all increase the cost of production. Further additional costs demanded by the
UK retailers and consumers add to this distortion, which include the prohibition of
‘tallow’ in egg layer diets, the withdrawal of some egg yolk colourants, prohibition
of moulting, the requirement for non-genetically modified feeds and the costs asso-
ciated with quality assurance schemes.

The industry will face pressure from increased imports of eggs, and these
imported eggs will most likely make their way into the processing sector. This is a
growing sector of the business. The split of the market volume for eggs in 2001
was estimated to be 60.5% retail sector, 21% catering sector and 18.5% manu-
facturing processing sector (industry estimate, BEIC, 2001); however, there has
been a recent revival in the volume of retail sales to 65% of market volume (BEIC,
2002b; Mintel, 2002).

The concern is that these directives will further encourage the production of
eggs in countries outside the EU and increase the volume of imported eggs into
the EU and UK. These may be produced under less restrictive production controls
and using products that have been banned in the EU due to food safety concerns.
In effect, looking at the global picture, it is suggested that stricter legal standards
within the EU will not lead to an improvement in animal welfare, but to a regional
shift of the problems (Wolfram et al., 2002), as minimum animal welfare require-
ments are not met in other countries.

The caged hen egg sector faces the greatest competitive disadvantage and
faces the greatest danger of substitution by imported eggs. This substitution is likely
to be more focused on the liquid and dried egg sector, since transportation costs
from non-EU country markets to the EU are lower than those for shell eggs, and
the origin of these is less important for consumers. Heil and Flock (2002) suggest
that as long as consumers (or customers) have access to eggs or egg products from
cheaper sources, they will probably react in the same way as that observed in
Switzerland, where eggs bought for domestic use are almost all high-welfare eggs,
whereas the egg product market mainly comes from imported battery-hen-pro-
duced eggs.

Price and microbiological properties are the key issues for the food service and
processing industries. Factors such as country of origin, housing system, cage
stocking density and other welfare provisions are not seen to affect the functional
quality of egg powders and therefore have no place in sales negotiations (BEIC,
2000a; van Horne and Bondt, 2003). On the retail side, the multiple chain grocers
account for three-quarters of retail sales of shell eggs and the eggs sold are almost
entirely produced in the UK. Whilst there is an increase in sales volumes of
eggs from alternative production systems in the UK, the larger share of retail eggs
and eggs for catering purposes is from caged hens. A preference for retailers and
caterers to use eggs from the Lion scheme could offer a competitive advantage for
home-produced eggs.

In the UK, those consumers who are prepared to pay for what they perceive
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to be higher standards of animal welfare already have the opportunity to do so,
through the availability of barn, free-range and organic eggs. A further increase in
market share in this sector is anticipated and is expected to continue to rise.

LABELLING

At present there is mandatory labelling showing production methods for EC-pro-
duced shell eggs; however, it is unlikely that this will extend to imported eggs
because of WTO compatibility and technical barriers to trade. It could be hypoth-
esized that better labelling would help to increase and support demand for eggs
from alternative systems. To what extent that ‘better labelling’ could be achieved
is uncertain.

The introduction of a labelling code within the Lion scheme disallows certain
terms and images which may have wrongly implied that eggs had been produced
under free-range conditions, such as the terms ‘farm fresh’ and ‘country fresh’.
Eggs from hens in laying cages are now labelled as ‘eggs from caged hens’.
Consumer research (Mintel, 2002) suggests that those consumers who previously
stated that they bought ‘farm fresh’ eggs now claim to buy ‘free-range’ eggs. The
concern that consumers may have been confused into buying cage-produced eggs
when they really wanted free-range pinpointed the need for clearer labelling. The
colour coding on packaging on own-label eggs is hoped to alleviate this problem;
the colour green is used for free-range eggs, brown for barn eggs, and white rep-
resents eggs from hens in laying cages.

With respect to egg products, the labelling of eggs is ineffective, as their prove-
nance is lost when they are used for processing. Improved labelling would not help
the invisibility and lack of segregation of egg products and may indeed increase the
market for low-welfare eggs despite the consumers’ stated opposition to battery
cages. Therefore labelling may not be effective in encouraging consumers to shift
to buying from alternative systems but could be useful for traceability and ensuring
due diligence (RSPCA, 2001).

CONSUMERS’ BUYING BEHAVIOUR

It is suggested that consumers in the UK are more discerning than ever about how
their food is produced in terms of quality, food safety and animal welfare.
Information on welfare assurance, method of production and country of origin is
provided on food packaging labels. The proliferation and promotion of quality
assurance schemes in the food industry is intended to build consumer trust in the
quality of the product and to encourage consumers to seek out these products in
the market outlets.

Many households are financially better off and therefore not as price-driven as
the households of two decades ago. Consumers are concerned with animal welfare
and with the perception that an animal should have had a ‘decent life’, being able
to roam freely outdoors in green fields. It could be questioned whether the recent
hen welfare legislation is customer-led. The tendency for people to eat out more
often, rather than at home, places power in the hands of catering suppliers who
are keen to buy on price/quality alone with scant regard to where or how the
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product was produced as long as safety is inherent. The buying behaviour of Local
Education Authorities is a prime example of this, where egg purchasing criteria are
for value (price and quality), with very limited guidance on seeking eggs from the
Lion scheme (M. Swannick, Staffordshire Women’s Farming Union, 2003, per-
sonal communication).

The consumer’s choice is influenced by several different factors, which include
cultural, social, personal and psychological factors, Kotler (2003) states that it is
the marketer’s task to understand what happens in the buyer’s consciousness
between the arrival of outside stimuli and purchase decisions. The different types
of beliefs and cultures can influence our values and can be very influential in
encouraging or discouraging consumption of certain products. Little happens to
the actual egg once it has been laid by the hen and subsequently reaches the home
of the consumer. The factors influencing buying behaviour may be related to a par-
ticular method of production (i.e. free-range, organic etc.) or may be due to the
impact of packaging on the consumer, price, or there may be very limited decision
making involved and any egg type would satisfy the consumer’s needs. Evidence
from primary research (Parrott, 2001) suggests that consumer buying behaviour is
based on emotional responses, involving intangible benefits, and may not always
take place at an entirely rational and conscious level. Whereas a number of
respondents expressed rational overt reasons for wanting to buy free-range eggs,
they actually bought shell eggs to meet functional demands. Thus, latent factors are
influencing buying behaviour.

There is the perception (Mintel, 2002) that battery-rearing conditions are not
conducive to optimum quality, nutritionally rich, eggs and are more likely to
produce unsafe food products, and that cages represent inhumane conditions in
which to keep hens. As mentioned earlier, with almost three-quarters of hen eggs
(72%) produced within the caged house system, it could be assumed that con-
sumers are content with eggs from intensive systems. However, attitudes from con-
sumers portray a different story, with more than 60% of consumers indicating that
they buy free-range eggs (Mintel, 2002) and less than 40% admitting to purchas-
ing eggs produced in laying cages.

Although not borne out in retail supply terms, this aspiration to purchase non-
cage-produced eggs is gaining strength. There is generally a move to free-range
eggs. Whether this is consumer-led or marketing-led is debatable, especially since
there are growing numbers of retailers and fast food outlets who have decided not
to supply caged eggs at all (Mintel, 2002; RSPCA, 2002) and an increasing
demand for free-range and organic eggs by processors who release products under
organic labels. Offering eggs from entirely alternative systems has been one area
for retailers to exercise competitive positioning. This may be in order to have a
point of difference and to move away from a commodity market to a more
premium market as well as demonstrating their acknowledgement of the impor-
tance of corporate social responsibility.

Attractive egg packaging is used to differentiate the market and encourage
consumers to upgrade the type of eggs they buy away from the value-line range.
Exciting promotional campaigns associated with current film trends, linked pro-
motions with other product endorsements, and collectable gifts are increasingly
prevalent and offer an appealing alternative to traditional consumer buying behav-
iour and beliefs.

It has been suggested by De Chernatony and McDonald (1992) that the
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consumer balances a brand choice with both rational and emotional needs, which
are subsequently satisfied through the brand’s identity. Attempts are made by
processors and retailers to develop branding in eggs and poultry meat to incorpo-
rate the ‘intangible values created by a badge of reassurance’ (Southgate, 1994).
In addition to the ‘name, symbol, design or some combination which identifies the
product having a sustainable differentiated advantage’, the brand forms a bond
between producer/manufacturer and the consumer. It allows the consumer to
shop with confidence, and provides the manufacturer with higher volumes, higher
margins and a guaranteed future demand.

A brand’s value to a firm is influenced by customer loyalty to that brand. In
order to compete effectively it should have the promise of authenticity and replic-
ability, which allows the consumer to limit their choice in the decision-making
process along with a value of reassurance. Intangible factors sought from the
product are those which the consumer relies on and pays for. Loyalty shown by
consumers may be segmented (Aaker, 1996) and used to target and position the
products. Typical consumer segments emerging, which may have an influence on
egg marketing, are suggested as:

e The price-conscious battery egg consumer — to whom an egg is just an egg.

® The apathetic battery egg consumer — expresses latent concern for bird welfare
but is too busy to put this into practice.

® Soft free-range consumer — displays discerning tastes and a preference for
natural foods (hoverers).

e Hardcore free-range egg consumers (see Fearne and Lavelle, 1996).

Tesco’s own research has segmented its organic consumers into three groups:

® The devotees (9.9% of households).
e The dabblers (17.3% of households).
e The don’t knows (72.8% of households) (IGD, 2002).

In the USA, trends in consumer priorities show further challenges and opportuni-
ties facing the food industry where, according to research studies, there are newly
emerging consumer demands on the industry. These demands can be segmented
into four areas:

® Taste rules — shoppers are less willing than ever to compromise on taste for the
sake of health benefits.

e Self-medication, self-education — consumers remain confident in their ability to
manage their health. Nutritional and herbal solutions are credible to consumers.

e Nutritional individualization — almost three-quarters of shoppers believe that
everyone has different nutritional needs. Differing life stages and health condi-
tions require customization and personalization to deliver ‘what is best for me’.

e Filling the gaps — shoppers are looking for solutions to fill the nutrition gaps left
by hurried lifestyles and eating habits (Gilbert, 2000).

Product development is leading to the arrival of enriched eggs on to the market
place, which build on the basic qualities of the egg to meet changing lifestyle and
life-stage consumer demands.

Prominent ethical views are often held about methods of production and asso-
ciated decisions to purchase meat and eggs are set against a background of an
increasing plethora of associated welfare assurances. However, opinions may be
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misplaced when it comes to actually buying eggs, which is evident from the sales
of cage-produced eggs and probably even more when the raw material is not so
evident in the processed form. When one looks at the sales volumes of eggs from
differing systems, it is apparent that consumers’ views are not borne out by their
purchasing behaviour. Elson (1991) suggests that there are two aspects of welfare:
perceived welfare and real welfare. Perceived welfare is relatively easy for the con-
sumer and supermarkets to decide, but welfare assessed on a scientific basis is
much more difficult to determine. This makes any balanced promotional campaign
to consumers on welfare issues very subjective.

Research undertaken by the Institute of Grocery Distribution (IGD, 2002)
showed that an active interest in food production does not necessarily have an
impact on purchase behaviour unless there is risk avoidance or personal benefit.
This suggests that self-interest is at the centre of food choice for most consumers
and that most decisions are based on self-benefit (e.g. value for money and taste)
rather than being driven by altruistic motivations such as animal welfare and envi-
ronmental issues.

Cost is seen to be the main inhibitor for market growth of products that meet
the concerns for animal welfare (IGD, 2002). Consumers saw price as an impor-
tant factor when buying eggs (Serati-Shirazi, 2003) and they also showed a firm
opposition to buying foreign eggs, even if cheaper than UK Lion eggs. However,
consumers do not buy on price alone, as price is part of perceived value, and value
may mean many things to different buying segments. Value may equate to ‘price
+ method of production + promotion + benefits + many other expectations’ which
may not always be overt or tangible. Current consumers of non-cage-produced
eggs probably do place some value on animal welfare, as shown by the higher
price they choose to pay for their eggs (although taste and quality may also influ-
ence their decision). There are fears that an increase in the domestic supply of
non-cage-produced eggs will subsequently lead to a decrease in price for these eggs

(DEFRA, 2002).

SURVEY OF CONSUMER ATTITUDES AND VIEWS

Summary of Findings

A survey was conducted by the author (Parrott, 2001) to evaluate the influence of
quality assurance schemes on egg purchasing behaviour and to investigate the
influence of method of production and packaging information on consumer pur-
chases of eggs.

These objectives were undertaken through primary research in the form of a
questionnaire distributed within the UK which sought to identify the current issues
and attitudes of consumers to buying eggs and egg products and whether con-
sumers’ views were borne out by their purchasing behaviour. The questionnaire
complemented an earlier survey undertaken in 1997 and was intended to measure
consumer attitudes over time and provide information on current issues within the
industry (Jones and Parrott, 1997).
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Factors Influencing Consumer Choice and Attitudes Towards Egg Purchase

Eggs were seen to be a nutritious (mostly snack) meal, with many methods of
serving, quick to cook, good value for money, reasonably cheap and part of a
healthy diet. These views continue to endorse the theme ‘Fast Food and Good for
You’ supported by the industry.

When the consumers in the survey were asked what they would consider to be
the two most important factors they looked for when buying eggs, results showed
that the type of egg production system the eggs came from, followed by date,
assurance of freshness and price ranked the highest (see Fig. 2.1).

Particular brand

Diet hens fed on
RSPCA-monitored assurance
Quality class

Country of origin

Lion mark

Size

Price

Assurance of freshness
Date

Method of production

0 10 20 30 40 50 60
Percentage

Importance 1 Importance 2

Fig. 2.1. The two most important factors considered by respondents when buying eggs.

A particular brand was apparently of limited interest to the respondents, but
brand importance could be conveyed through the method of production, i.e. free-
range or organic as a brand preference.

There was an element of consumers not acting on their beliefs when pur-
chasing eggs, as shown by some of the answers to the survey. The questionnaire
asked what factors the consumer considered when buying eggs and further ques-
tions followed to identify which particular information was checked on the label
when buying eggs. These questions sought to match perceptions with purchasing
behaviour. Results are presented in Table 2.1.

Despite concerns expressed about methods of production, the data in
Table 2.1 show that only 24.3% of respondents said that they always looked for
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Table 2.1. Consumer preferences and egg purchasing behaviour (data from Parrott, 2001).

Always Sometimes Never
Consumer base (n = 354) % % %
Look for reassurance on how the hen was looked after 24.3 15.0 60.7
Prefer to buy British 47.6 11.6 40.8
Prefer to buy eggs from your own region 10.5 16.6 72.9
Seek to buy eggs that have come from barn system 6.8 14.7 78.4
Seek to buy the cheapest eggs 12.7 15.5 7
Seek to buy organic eggs 11.0 13.0 76.0
Seek to buy eggs from a free-range system 41.3 21.0 37.7
Look to see what diet the hens were fed on 6.8 13.9 79.3
Like to buy eggs that are date-stamped on the shell 36.0 16.1 47.9

reassurance on how the hen had been treated. Less concern was shown by respon-
dents who said they never looked to see what diet the hens had been fed on
(79.3%), never sought out eggs from a barn system (78.4%), never bought organic
eggs (76.0%), and never checked whether eggs came from their own region
(72.9%), although 71.7% claimed not to buy the cheapest eggs.

With respect to buying British eggs, 47.6% said they always preferred to buy
British, which compares with 40.8% who said they had no allegiance to buying
British.

Recognizing the concern shown for the influence of method of production on
their choice of eggs (as illustrated in Fig. 2.1), it was felt pertinent to ascertain each
consumer’s level of knowledge regarding each production system and to explore
the views and knowledge of the respondents about the eggs from the different
systems.

Ability to roam

Generally the level of understanding and knowledge of the industry on methods of
production was poor. The survey showed that quite a large proportion of respon-
dents had no idea about the extent to which hens are able to roam under each
system and there was some confusion about the barn system.

Health and behaviour

It was largely believed that hens kept in caged systems would require more med-
ication, as they would be more prone to disease and also more prone to fighting
compared with other systems. However, 40% of the respondents said that they
had no idea about differences in health and behaviour between systems.

Method of production and taste

The questionnaire sought to find out whether consumers believed that the taste of
the egg was influenced by the different methods of production. A very small
number (5%) believed that all eggs tasted the same and it did not matter what type
of production systems the hens were in; however, over 50% of the respondents
believed that there were differences in the taste of eggs. Over one-third (35%) of
respondents believed that the taste of the eggs appeared to be the main distin-
guishing feature between free-range eggs and eggs from caged hens.



[20

P.AW. Parrott |

Very little opinion was expressed as to whether the different production
systems had an effect on the nutritional value of the eggs or on the colour of the
yolk. However, eggs with pale yellow yolks were believed to mainly come from
caged hens and dark yellow yolks from non-caged production methods.

Concerns about the industry

The majority of concerns relating to the production of eggs in this country were to
do with the production methods, with comments relating to ‘intensive farming” and
the ‘sheer cruelty of battery cages’. However, despite their concern, 61% of the
respondents said they had never actually looked for reassurance on how the hen
had been looked after. Indeed very little awareness was shown as to whether
British farmers had high standards of welfare. Generally, welfare concerns were
expressed more strongly for the production of eggs than for poultry meat, and
40% of respondents said that they would pay more for eggs from a welfare-assured
scheme. There were a few concerns about hormone and antibiotic use, but limited
concern expressed regarding salmonella and cholesterol. The majority of con-
sumers perceived that organically produced eggs would be more costly to produce
than eggs produced by other systems. Two-thirds of the survey indicated that they
would pay more for eggs not produced in cages, and when asked how much more
they would be prepared to pay, this amounted to an average increase of 57 pence
per dozen. Recent studies by Serati-Shirazi (2003) showed that consumers did
make a positive distinction between enriched cages and conventional cages and
suggested that this differentiation could be used as a key marketing aspect in sales
and promotions.

CONCLUSIONS

There are many challenges facing the industry. The whole welfare issue is clouded
by many contradictions, which include the buying patterns of egg consumers and
customers, showing that they appreciate high-quality affordable products but
mostly buy eggs from caged hens; the encouragement of producers to invest in
alternative management systems when in reality the return on investment remains
unpredictable and the benefit for the hens doubtful; and the possibility of a regional
shift in welfare problems through the imposition of stricter welfare regulations in
the EU.

There will be difficult battles ahead for producers to face with regard to the
importation of egg products, as many of the imported eggs will be invisible through
the growing processing/manufacturing sector, which is driven by price and func-
tion.

Whilst consumers have high ideals about the welfare of hens, there appears to
be some level of over-claiming, as 80% of egg sales are from the produce of caged
hens. While it is evident that some consumers will only consider the ‘high-welfare’
eggs regardless of price disadvantage, for other consumers, and despite much
more clear labelling, there is still evidence of consumer confusion. Interest is likely
to translate to behaviour if there is perceived risk avoidance or perceived personal
benefit to the consumer. While the price of eggs is a major consideration for con-
sumers (although they are reluctant to admit it), there is some indication that they
are prepared to pay more for welfare-enhanced eggs. With the prediction of higher
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levels of personal disposable income, alternative systems or innovations will benefit
by becoming increasingly popular.

The industry should be proud of the investment it has made in the Lion
scheme and efforts by all to minimize the risk of salmonella. In the first instance it
establishes a simple defence message favouring home-produced eggs, incorporat-
ing safety, welfare and freshness. Consumer expectations are rising in respect of
issues such as product quality, biosecurity, technical support, animal welfare and
food safety, which are of paramount importance throughout the food supply chain.
Perceptions are difficult to build and easy to destroy regardless of the facts. It has
taken a great deal of effort and investment by the egg industry to achieve this trust
through the Lion scheme and other assurance schemes, and yet it could all be lost
so easily through errors of judgement on buying practices.

With changing lifestyles, consumer demand is shifting to more meals eaten out
of the home and a snacking and grazing society. It is important that the industry
stays abreast of this growth and ensures that eggs play an important role in the
diet. If one had to design a food product for a growth market, eggs have it all. Eggs
have good nutrient quality, are tasty and versatile, have convenient portion control,
form part of a healthy diet and are fast and easy to prepare. In addition they offer
great potential as a promotional partner. In essence, eggs need repositioning in
the consumer market and, with improved merchandizing, specific product mes-
sages, interest in functional foods and refined segmentation to suit all lifestyles and
life stages, there are still exciting challenges ahead for the industry.
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CHAPTER 3
Government views on the welfare of laying
hens

D.G. Pritchard

Animal Welfare Veterinary Division, Animal Health and Welfare Directorate
General, Department for Environment, Food and Rural Affairs, 1A Page
Street, London SW1P 4PQ, UK

INTRODUCTION

In the UK the Government has been involved in developing welfare legislation for
over 200 years. More recently it has played a major part in the development of
legislation at a European level, both as a member of the European Union and of
the Council of Europe Conventions on Animal Welfare. The definition of animal
welfare involves both ethical and scientific considerations and there are many con-
flicting views on how animal welfare should be defined. The role of government in
animal welfare extends beyond the preparation and enforcement of legislation.
Improved standards of animal welfare are important for society, the economy and
the environment per se and are an integral part of sustainable development. As
welfare policies and enforcement activities are firmly based on science and practi-
cal experience, the Department for Environment, Food and Rural Affairs (DEFRA)
also funds research and surveillance activities. The development of animal welfare
policy involves understanding the relevant scientific evidence and practical experi-
ence and must take account of the wide range of views held by the various stake-
holders. Recent progress in farm animal legislation has provided not only
protection from cruelty and suffering but also introduced a duty of care on keepers
to take steps to protect their welfare. A review of UK legislation on welfare is cur-
rently under way to extend such standards to all animals kept by man. Future gov-
ernment policy is to ensure sustainable development, and a new animal health and
welfare strategy is being developed. The UK recognizes the need for international
standards as a basis for bilateral/multilateral agreements and supports the work of
the OIE (Organisation Mondiale de la Santé Animale — World Organisation for
Animal Health) in this respect. There is a need to ensure that high welfare stan-
dards are achieved without jeopardizing efforts to assist developing countries to
reduce poverty through trade.

SUSTAINABLE DEVELOPMENT

DEFRA has broad and challenging policy responsibilities that directly impact upon
people’s quality of life. That is why sustainable development is the overarching aim
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Society

Fig. 3.1. DEFRA’s spheres of influence.

of the department, as well as being vitally important for the Government as a
whole (DEFRA, 2002a).

A widely used international definition of sustainability is ‘development which
meets the needs of the present without compromising the ability of future genera-
tions to meet their own needs’. The commitment to ‘ensure a better quality of life
for everyone, now and for future generations to come’ is at the heart of the UK
Sustainable Development Strategy. This is a simple idea but a substantial task.
Improved animal health and welfare is but one of many outcomes at which this
strategy is aimed. DEFRA has a wide sphere of influence which is summarized in
Fig. 3.1.

The creation of DEFRA brought together government responsibility for most
animal policies. The UK Government launched its Strategy for Sustainable
Farming and Food in December 2002, which encompasses animal health and
welfare, including:

e High standards vital to achieve sustainable and humane livestock production, and
industries that produce safe, good quality food.
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IMPROVING WELFARE STANDARDS

One of the main high-level objectives of DEFRA (Objective VI) is to:

Protect the public’s interest in relation to environmental impacts and health and
ensure high standards of animal health and welfare.

It does this through a range of activities from international negotiation on welfare
standards and rules in the Council of Europe (CoE), the European Community (EC)
and other forums, to providing practical advice to the livestock industries and, of
course, the implementation and enforcement of legislation and welfare codes.

There are widely ranging perceptions of what constitutes good or bad welfare
and the role of government is to set welfare standards which can be adjusted in the
light of new scientific knowledge and changing societal perceptions of what is or
is not acceptable treatment of animals. There is therefore a need to liaise with a
wide range of stakeholders and others. Figure 3.2 summarizes the major inputs
involved in the development of animal welfare policy.

Animal Public concerns
industry
SVS LAs Council of
veterinary ‘ FAWC ‘ | Ministers ‘ Europe
surveillance
and enforcement \ AN /
European
ANIMAL Community
Research and WELFARE Welfare Law
development POLICY
World
/ \ Trade
Practical Organization
experience
Scientific
evidence OIE

Environmental
expectation and
demand

Agri economic
policy
(UK and EU)

Fig. 3.2. Major inputs of DEFRA Animal Welfare policy.
RESEARCH AND DEVELOPMENT

As welfare policies and enforcement activities are firmly based on science and
practical experience, DEFRA also funds research and surveillance activities. The
welfare research programme covers the full range of farmed livestock.

The overall objectives of the research programme are to:

® Resolve uncertainties as to the exact nature of welfare requirements and
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to identify ways in which these requirements can be met under commercial
conditions: projects involving collaboration between research providers and
industry are encouraged in order to provide scientific data to help ensure
that decisions are not taken on the basis of subjective or emotional considera-
tions.

® Poultry — laying hen bone strength, feather pecking and aggressive behaviour,
and the design of enriched cages and epidemiological studies on welfare of
poultry systems.

® Transport — effect of vehicle design and heat stress, non-invasive methods of
physiological monitoring.

® Slaughter — improvement in existing techniques and development of novel
methods of slaughter, such as gaseous stunning and killing.

WELFARE CODES

In the UK much effort has been expended to ensure that livestock keepers are
aware of the legislation by the development of statutory codes for welfare which
now include the relevant legislation, e.g. the Laying Hen Code (DEFRA, 2002b).
This new code implements most of the recommendations made in the Farm Animal
Welfare Council’s report on The Welfare of Laying Hens in Colony Systems
(FAWC, 1991). It also takes account of new developments in both science and prac-
tical experience, including some of the recommendations of the EU Scientific
Committee on Animal Health and Animal Welfare’s report on The Welfare of
Laying Hens (Anon., 1996a). It also includes the recommendations of the Council
of Europe on domestic fowls (Anon., 1996b). Wherever possible, the results of
research and development are incorporated into advisory leaflets, which are sent to
livestock keepers. Welfare publicity campaigns also include outcomes of research
and are targeted at specific farmers and their veterinarians. The recent codes envis-
age an important role for the veterinary profession in improving standards of
welfare on laying hen farms. As well as the established roles of providing expert
advice, veterinary surgeons would also play a role in providing general welfare
advice, biosecurity advice and perhaps training, especially in the development of
particular skills by stockmen related to routine medical procedures. Welfare codes
now require a health and welfare plan prepared with veterinary advice. This plan
should set out biosecurity measures, health and husbandry activities that cover the
whole year’s cycle of production, and should include strategies to treat or limit exist-
ing disease problems. The plan should include enough records to assess the basic
output of the flock. Among the lessons learned from the 2001 outbreak of foot-and-
mouth disease (FMD) was the need to improve and maintain high standards of
biosecurity. Recent outbreaks of avian influenza in Europe remind us of the threats
of exotic disease to the poultry industry, but biosecurity is also important to prevent
the spread of endemic diseases which can adversely affect the welfare of hens.

ENFORCEMENT

The State Veterinary Service (SVS) operates throughout Great Britain as a unified
service within the Operations and Service Delivery Directorate General of DEFRA.
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Fig. 3.3. Dealing with incidents concerning poor welfare on farms.

Its role is to assist DEFRA and other government departments in achieving their
aims in the fields of animal health, public health, animal welfare and international
trade. In addition to spot-checks and planned visits, the SVS follows up all com-
plaints and allegations of poor welfare from the general public and others on spe-
cific farms as a matter of urgency.

Although most animal keepers are keen to cooperate when inspection reveals
poor welfare, these powers are useful for ensuring full compliance with the regu-
lations and thereby improving livestock welfare. There are a variety of measures
which can be taken to ensure compliance with the legislation. These are summa-
rized in Fig. 3.3. These vary from providing advice to the serving of a notice,
usually by a veterinary inspector under Regulation 11 of the Welfare of Farmed
Animals Regulations 2000 (2001 in Wales) (WoFAR). Such notices can require the
keeper to take action to protect the welfare of the animals. This has varied from
providing a suitable diet in sufficient quantity, to a requirement to seek veterinary
advice and take action to implement that advice.

The next step is for the lay informant to start prosecution proceedings
either under WoFAR or the Protection of Animals Acts. There is provision
under the Protection of Animals Act for the destruction of animals, following
consultation with a police officer. New powers in the Protection of Animals
(Amendments) Act (2000) gave powers to the court to permit the authorized
prosecutor to take action to protect the animals subject to the information
supplied. This could include caring for the animals in situ or seizing, selling or



[28 D.G. Pritchard |

slaughtering the animals. The Act also contains safeguards to protect the interests
of the keeper.

There has been considerable interest recently in enriched cages and beak trim-
ming of laying hens.

ENRICHED CAGES

DEFRA carried out a public consultation exercise on whether to ban enriched
cages for laying hens in England at the same time as conventional barren cages are
due to be banned in 2012. Elliot Morley announced the UK Government’s
position on 18 March 2003 (see http://www.defra.gov.uk/news/
2003/030318a.htm).

After a thorough consideration of the comments received and the available
scientific and other evidence, Ministers concluded that, as there is a lack of defini-
tive evidence currently available, there are insufficient grounds at present to justify
a unilateral ban on enriched cages from 2012.

Because there are many issues to consider, a better approach would be to
review the future of enriched cages on an EU basis, when the Welfare of Laying
Hens Directive is next considered by the Agriculture Council in 2005. By then it
is hoped we will be in a stronger position to address some of the questions on the
welfare concerns of enriched cages, as research programmes are completed.

BEAK TRIMMING

In order to prevent feather pecking and cannibalism, until 31 December 2010
beak trimming of birds is permitted in all systems subject to requirements set out
in Schedule 3D, paragraphs 8 and 9 of the Welfare of Farmed Animals (England)
(Amendment) Regulations 2002 (SI 2002 No. 1646). Representatives from the
industry and welfare groups have joined DEFRA to work on an action plan to
enable a ban on beak trimming to take place without compromising bird welfare.

® The group will review research into the causes of feather pecking and manage-
ment controls to disseminate recommendations to the industry.

o ADAS have begun a pilot study to look at alternatives to beak trimming. These
will include using an abrasive material in the food troughs to blunt the sharp
point of the beak as the hen feeds.

® The British Egg Industry Council will coordinate a code of practice for beak trim-
ming. This will look at methods and training for beak trimming to provide advice
on best practice when the procedure is carried out.

® Breeding companies are continuing work on breeding programmes to prevent
feather pecking and cannibalism.

ANIMAL HEALTH AND WELFARE STRATEGY

The future policy on the welfare of laying hens will be an integral part of the
Government’s strategy for animal health and welfare, as recommended by the
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Policy Commission report on The Future of Farming and Food and the recent
FMD inquiries. The Animal Health and Welfare Strategy is being developed in
partnership with the Scottish Executive and the National Assembly for Wales, with
links to the Northern Ireland ‘Island of Ireland’ programme.

The strategy will provide a comprehensive view of all our commitments to
animal health and welfare. It will provide a framework to assess the threats of
animal diseases and prioritize actions. The role of research and science in animal
health and welfare will be developed and there will be an opportunity to look at
current best practice and to learn from international experiences.

The aim is to issue an interim Strategy and outline delivery plan in the summer
of 2003, with publication of the Strategy due later in the year.
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CHAPTER 4
The politics of hen welfare

D. Wilkins
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ABSTRACT

Animal welfare organizations throughout Europe have been concerned for many years
about the welfare of hens in battery cages. Reasons for this concern include the lack of
space, the inability of the hens to perform several natural behaviours, and the barren
environment.

It has been obvious for some time that the only way to improve the welfare of
laying hens was through European legislation. Governments in the member States of
the European Union (EU) were unwilling to introduce legislation on this production
method.

European Directive 88/166/EEC had done nothing to improve the welfare of
hens but only laid down minimum standards which included a space allowance of
450 cm?/bird. The Directive contained an article which required the Commission (by
January 1993) to report on the scientific developments regarding the welfare of hens
under various systems of rearing, accompanied by appropriate legislative proposals.

The first report of the Scientific Veterinary Committee (SVC) in 1992 was never
published and it was not until a second SVC report was prepared in 1996 and then
published that the Commission took action.

The Commission was committed to preparing a new Directive on minimum stan-
dards for the protection of laying hens in all production systems. The proposals were
published in 1998. They did not include a ban on the battery cage but advocated more
space per bird, more height to the cages etc.

The proposed new Directive did not please animal welfare organizations and was
rejected by the European egg industry. Nevertheless, it was submitted to the European
Parliament for an opinion and the Council formed working groups to debate a com-
promise.

All legislation ultimately requires a ‘political’ decision. In the EU this decision had
to be taken by a qualified majority of the 16 Ministers in the Agriculture Council.

The politics could seen as a description of the ‘battle’ that took place between gov-
ernments, the European Parliament, the industry, and animal welfare organizations led
by the Eurogroup for Animal Welfare. This ‘battle’ lasted from the date of publication
of the Commission’s proposal until the eventual decision of the Council of Ministers on
19 July 1999. A summary of the main elements of that ‘battle’ will be given and also
a look into the future.
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INTRODUCTION
Eurogroup for Animal Welfare

Eurogroup for Animal Welfare represents the 15 leading animal welfare organiza-
tions in the European Union. Its purpose is to present a united voice on animal
welfare in the EU institutions and to achieve greater animal welfare through new
or improved European legislation.

Background to Legislation

Animal welfare organizations throughout Europe have been concerned for many
years about the welfare of hens in battery cages. Reasons for this concern included
the lack of space, the hens’ inability to perform several natural behaviours, and the
barren environment.

It had been obvious for some time that the only way to improve the welfare of
laying hens was through European legislation. Governments in the member States
of the European Union (EU) were unwilling to introduce national legislation on this
production method, as they could have been putting their own producers at a com-
mercial disadvantage.

The stimulus for the first attempt to legislate on battery cages came from a
German high-court decision. The court ruled that keeping hens in battery cages
contravened German animal welfare legislation. However, the court conceded
that, as virtually all egg production at that time was from the battery-cage system,
no penalty would be applied to the farmer who had been prosecuted. Instead the
German government was advised to go to Brussels and resolve the problem. This
resulted in a proposal from the Commission to set standards for hens in battery
cages. No real attempt was made to consider the welfare of the laying hens. It was
more a means to ‘legitimize’ the existing commercial practices. This was agreed in
Council in 1986 - as Directive 86/113/EEC. The animal welfare movement
referred to it as the Directive which laid down standards for the protection of egg
producers.

A peculiar sequel was that the UK and some other member States argued that
the 1986 Directive, as published, differed in some of the wording to that agreed
by the Council of Ministers in March 1986. The Court of Justice in Luxembourg
eventually upheld the complaint. Minor changes to the wording were made and the
Directive was republished in 1988.

DIRECTIVE 88/166/EEC

European Directive 88/166/EEC had done nothing to improve the welfare of
hens but only laid down minimum standards which included a space allowance of
450 cm? per bird. The other main provisions are as follows:

® A feed trough length of at least 10 cm/hen.
® A continuous drinking channel of at least 10 cm/hen or two nipple
drinkers or drinking cups in each battery cage.
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® A height of at least 40 cm over 65% of the cage area and not less than 35 cm
at any point.
® Floor slope not to exceed 14% or 8°.

All these provisions had to apply to all battery cages from 1 January 1995.
In the Annex to this Directive, there appeared several provisions including the
following:

® The design and size of the cage opening must allow an adult hen to be removed
without injury.

@ Birds to be inspected at least once a day and, if necessary, thoroughly inspected.

e More than three tiers permitted only if inspection can be carried out without dif-
ficulty.

e Stockmen required to have adequate knowledge and experience.

Very importantly, the Directive also contained an article which required the
Commission (by 15 January 1993) to report on the scientific developments regard-
ing the welfare of hens under various systems of rearing, accompanied by appro-
priate legislative proposals. A formal revision of the Directive would provide an
opportunity for amendments to be introduced and to make real welfare progress.

One important consequence of the legal challenge to this Directive was that in
the hearing in the Court of Justice in Luxembourg, and as part of the Court’s
opinion, it was confirmed that under the Common Agricultural Policy it was legit-
imate for the Community to establish minimum standards for rearing farm animals
in order to avoid unfair competition. This was a vital decision for animal welfare
and Eurogroup, because some member States were challenging the legal basis
under which the Commission could make proposals to improve the welfare of farm
animals.

SCIENTIFIC REPORT

In accordance with the Directive’s timetable, a report was prepared by the
Scientific Veterinary Committee (SVC) in 1992. This was very critical of the
battery-cage system, but it was never published and the Commission did not act on
it. A more welfare-sympathetic Commissioner — Franz Fischler — became respon-
sible for agriculture in 1995. He asked for another SVC report, which was pub-
lished in 1996.

The Scientific Report’s conclusions were again critical of the battery cages and
included a statement that said that there were ‘inherent severe disadvantages for
the welfare of hens ...". The other main conclusions were as follows:

e Hens have a strong preference for laying eggs in a nest, for pecking and scratch-
ing at litter and for dust-bathing.

e Hens have a preference to perch and perches contribute to greater bone
strength.

e Sufficient light should be provided to allow natural behaviour to be performed.

e Alternative production systems do carry a risk of feather pecking and cannibalism.

® Production costs are higher for non-battery-cage systems and, therefore, EU
producers may need to be protected from imports from non-EU countries with
lower welfare standards.
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This time, the Commission was committed to preparing a new Directive on
minimum standards for all production systems. The proposals were published in
1998. They did not include a ban on the battery cage but advocated more space
per bird, more height to the cages etc.

LEGISLATIVE PROCESS

The proposed new Directive did not please animal welfare organizations and was
rejected by the European egg industry. Nevertheless, it was submitted to the European
Parliament and the Economic and Social Committee (ESC) for an opinion and the
Council formed working groups to discuss the technical aspects of the proposal.

All legislation requires a ‘political’ decision. In the EU this decision had to be
taken by a qualified majority of the 15 Ministers in the Agriculture Council.

There are several definitions of ‘politics’ in the dictionary. One of the more
interesting is ‘the practice of the art and science of forming, directing and admin-
istering states and other political units’.

Thus, all the people involved in such activities can be described as politicians,
although we tend to reserve that term for elected Members of Parliaments. It could
also be argued that all lobbyists could be described as politicians, particularly if one
considers another dictionary definition: ‘any activity concerned with the acquisition
of power and gaining one’s own ends’.

As far as Eurogroup was concerned, ‘gaining our own ends’ seemed a long
way off at the time the proposed new Directive was published. What then followed
was a fascinating political ‘battle’ between the Council of Ministers, the European
Parliament, the Commission, the industry, animal welfare organizations led by
Eurogroup, and the public.

One thing clear at the beginning of this ‘battle’ was that very few people from
any of the stakeholders believed that the battery-cage system would be phased out.
The main reasons for this pessimism included the following:

® The system provided over 90% of all eggs produced in the European Union.

® There were welfare problems with some of the commercial alternative systems.

® There was a question mark over whether or not consumers were prepared to
pay more for ‘welfare-friendly’ eggs and egg products.

How the proposed end to the battery cage came about is a fascinating story. It is
believed that the main reasons for this animal welfare success are as follows:

® The SVC criticism of the battery cage system was strong, particularly in the use
of the word ‘inherent’.

® The egg industry was complacent about its political influence and dismissive of
the welfare arguments.

® The Commission and several member States were not opposed to the principle
of getting rid of the battery-cage system.

o The influence of the Parliament, even in a consultation procedure, was greater
than most people believed.

® The lobbying carried out by Eurogroup for Animal Welfare was successtul.
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The SVC report was strongly critical of the battery cage, but at the same time it
also criticized some aspects of the alternative systems. However, the overall scien-
tific conclusion had to be that the welfare of the hen was much better served in
one of the alternative systems. There was a reference to enriched cages in the SVC
report, but as a consequence of a lack of scientific evidence and practical experi-
ence, no firm recommendations were made. Nevertheless, the new 1999 Directive
did allow for enriched cages and laid down conditions.

What many people either ignore or forget is that whilst good animal science
is essential for animal welfare progress, advances may also occur as a result of a
variety of other factors: public concern, market forces, political pressure, practical
experience and plain old-fashioned common sense.

Egg Industry

The egg industry’s attitude was interesting in so far as it dismissed the
Commission’s proposal as unreasonable, impractical and unwanted. There was no
attempt at any constructive debate or comment. Within the Commission
Committee structure there is a Poultry and Eggs Management Committee. A state-
ment issued by the joint chairmen of that committee shortly after the draft
Directive was published is a reflection of the industry’s arrogance.

Political Support/Public Pressure

It does not need much imagination to realize that if the public is shown an image
of an animal in cage — particularly with very little room to move — then the reac-
tion against such an image is immediate and, with good campaigning, long lasting.

Public opinion, if organized, means pressure on governments. Eurogroup’s
member organizations were well prepared to launch campaigns in all member
States with the intention of bringing pressure to bear on Ministers to outlaw the
battery-cage system. Some of these campaigns were successful in influencing the
decisions taken by some governments, particularly in Italy.

It was clear to Eurogroup from many discussions with officials in the
Commission — DG Agriculture at that time — that there was support for the phasing
out of battery cages, but that it was believed to be difficult from an economic point
of view and would not receive political support. Nevertheless, support for alterna-
tive non-battery systems was strong in Sweden, Denmark, The Netherlands, the
UK and Germany.

European Parliament

Eurogroup believed that the opinion of the European Parliament might well be of
critical importance. The rapporteur in the Agriculture Committee was a German
socialist, also a veterinarian, who was sympathetic to the Eurogroup point of view,
but who felt that a proposal to phase out the battery-cage system would not be sup-
ported by his Committee. He proposed several improvements to the Commission’s
text, which the Committee supported, but his judgement was
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correct and the proposal to prohibit cages was rejected. Then came the vote on
that report in the Plenary. This was a different scenario. Three amendments to
phase out the battery cages were submitted. One came from the right-wing
People’s Party of Europe (PPE) (formerly the Christian Democrats), one from the
Socialists and one from the Greens. In the event it was the PPE amendment that
was successful. Sponsored by an Italian member of the European Parliament, it
called for the phasing out of the battery cage by 2009. It was passed by a large
majority and of particular significance was that a large number of Italian MEPs
from all political groups supported it. This did not go unnoticed in Rome.

Almost immediately after this vote there was a dramatic shift in the nature of
the discussion at Council level. For the first time the phasing out of the battery cage
was seriously discussed and the date of 2012 was eventually agreed. The battle was
over on 19 July 1999.

DIRECTIVE 1999/74/EC

As with all legislation which lays down radical changes, there has to be a phasing-
in period. There is a series of dates in the 1999 Directive which are as follows:

e From 1 January 2002: enriched cages must provide 750 cm? space/hen plus a
nest, perching space of 15 cm/hen and litter.

e From 1 January 2002: all new alternative systems — maximum of 9 hens/m?.

e From 1 January 2003: conventional cages to provide at least 550 cm? of
space/hen — no new cages to be introduced.

e From 1 January 2007: all alternative systems — maximum of 9 hens/m?2.

e From 1 January 2012: conventional cages will be prohibited.

Although this was a great success for animal welfare, many feel that a counter-attack
is still possible. There are those in the industry who believe that this Directive can
be overturned when it is subject to a review by 1 January 2005. Speaking from the
Eurogroup perspective, such a move would be politically unacceptable.

Another concern, one which is entirely reasonable, is how does the EU cope
with competition from non-EU countries which can offer a cheaper product
because of the extra costs borne by EU producers. Eurogroup are working with the
industry on that problem (see Chapter 5).

Enriched Cages

The subject of enriched cages remains. This is the system which will save the EU
egg industry, or so some people claim. Surprisingly, most of the research on
modern enriched cages has been carried out in Sweden — an animal-welfare-con-
scious country. I have seen several examples of the enriched cage and I have not
been impressed. Furthermore, 1 was taken aback when I visited Gleadthorpe
Experimental Husbandry Farm in March 2003 to find that the majority of the
research on enriched cages involved studying the effects of space allowances less
than the 750 cm? required under the 1999 Directive and with a height also less
than that specified in the Directive. You have to ask why. Presumably because the
Government will seek changes to the Directive when it is reviewed.
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Let me make one thing very clear. We in Eurogroup, and I think I can speak
on behalf of the whole animal welfare movement in Europe, are opposed to hens
in cages. I am not convinced that the provisions for a nesting area and perches in
enriched cages are as good for hen welfare as some people claim. In some systems
the nest is not used by all the birds, with up to 20% of eggs laid outside the nest
and the amount of perch space and the design of the perches also appears to be
inadequate. Also, in many examples, the requirement for litter for pecking and
scratching is simply ignored.

It follows, therefore, that not only will Eurogroup resist any attempt to down-
grade the conditions laid down in the Directive, but if the legislative debate is
reopened, then we may well seek to get enriched cages prohibited completely.

Egg Labelling

Finally [ must refer to another new Commission regulation, which is to make oblig-
atory the labelling of eggs according to the method of production. There are three
categories — cage eggs, barn eggs and free-range eggs. When this finally came into
force on 1 January 2004 all European consumers were properly informed for the
first time and, in my opinion, the sales of non-cage eggs will increase. However,
we would also wish to see such labels placed on all imported eggs.

The politics of hen welfare — at least as far as egg-layers are concerned — has
gone quiet for the moment. Eurogroup believes that the present legislation will
eventually improve the welfare of laying hens and we will continue to try to ensure
that these improvements are maintained.
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ABSTRACT

The relationship between the multilateral trading system and national measures to
improve non-trade concerns, such as animal welfare, is becoming increasingly impor-
tant. The egg industry in the European Union provides the first real test case of how
this relationship will impact on the competitiveness of a farming industry. This was
foreseen in the negotiations that led up to the adoption of Directive 1999/74/EC. The
review of that Directive coincides with the conclusion of the agricultural negotiations
under the Doha Development Round at the end of 2004.

This chapter examines the relationship between the General Agreement on Trades
and Tariffs (GATT) and animal welfare and the discussions under the WTO (World
Trade Organization) Agreement on Agriculture (AcA).

INTRODUCTION

When the multilateral trading system was set up in 1948, there was little, if any,
thought about the consequences of these rules on issues such as the environment
or farm animal welfare standards. The first attempt to discuss such issues occurred
in 1972 when GATT set up a contact group on the environment, which never
actually met until environmental issues were first raised at the GATT in the early
1990s. Discussion on environmental issues assumed more importance in the
1990s, particularly over issues raised by the two dolphin—tuna cases (Anon., 1991,
1994). Non-trade concerns were acknowledged in the first rules that were set up
on agricultural trade at the conclusion of the Uruguay Round in 1994 (WTO,
1994). Animal welfare was first proposed as a non-trade concern by the European
Commission in its submission to the agricultural negotiations in 1999.
Negotiations are proceeding on the best way to incorporate a solution to the issues
raised under the agricultural agreement.

The laying hen industry in the European Union provides the first real test case
of how the relationship between free-trade rules and animal welfare standards will
impact on the competitiveness of a farming industry. This was foreseen in the
negotiations that led up to the adoption of EU Directive 1999/74/EC, which sets
the European standards for laying hens (EC, 1999). A review of Directive
1999/74/EC is required in order to assess the systems of laying hen management
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and examine the socio-economic implications of the various systems and their
effects on the Community’s economic partners. The review date of 1 January
2005 coincides with the deadline imposed on the agricultural negotiations cur-
rently taking place under the Doha Development Round. In addition, the EU’s egg-
labelling scheme changed on 1 January 2004 to one requiring mandatory labelling
showing the method of production or, in the case of imported eggs, the country
of origin. This also has implications for the WTO’s rules on labelling under the
Technical Barriers to Trade Agreement (TBTA).

There are two important elements that need to be analysed if an accurate
assessment is to be made of the effect of the WTO’s impact on the European hen
industry. The first of these is the rules and framework of the WTO and their effects
on measures to raise and maintain high animal welfare standards. The second is
the economic competitiveness of the egg industry and the consequences of raising
welfare standards.

RELATIONSHIP BETWEEN GATT AND ANIMAL WELFARE

The framework of the GATT ‘47’ rules, which are incorporated into the World
Trade Organization, are based on the premise that one contracting country should
not discriminate against another. Articles I, Il and XI are the most relevant from a
farming perspective. Article I requires that any WTO member does not give a trade
advantage or any other favour or immunity unless it is granted to all parties. Article
III states that ‘like products’ from external sources should be treated the same way
as domestically produced ones. Finally, Article XI limits the power of member
countries to ban the imports of products unilaterally.

The first tuna—dolphin case in 1991, although unadopted, found that the
USA, by imposing import bans on certain tuna due to the methods by which they
were caught, was in contravention of its obligations under the GATT rules.
Although the ban was imposed to protect dolphins which were being caught by
certain methods of tuna fishing, it was ruled to be incompatible with the GATT
rules. The ruling stated that the measure discriminated against ‘like’ products. The
method of tuna fishing did not alter the product, defining a product distinction as
one based on a physical difference in the product. This point is particularly impor-
tant to animal welfare measures as it has been interpreted to mean that distinctions
cannot be made between products based on their method of production. An egg
from an intensive farming system in the USA should be treated no differently than
a free-range egg produced in the UK. As improvements in animal welfare meas-
ures rarely result in a physical change in the end product, this ruling could be seen
as a watershed in defining what trade methods could be applied to ensure that high
welfare standards can be maintained in a global trade environment. However, cru-
cially, this decision was never adopted. Although the interpretation has never been
subsequently challenged, it could be possible for a different interpretation to be
made by another panel.

Article XX does allow exemptions to these rules, specifically if the measures
are necessary to protect public morals or animal life or health. There are several
tests that the trade measure would have to pass if it was to be allowed under these
exemptions. Firstly, it would have to be defined as a measure to protect public
morals or animal life. Secondly, it would have to pass further tests under the
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chapeau of Article XX, namely that the measure is not arbitrary, unjustified or a
disguised restriction on trade. To assess how these exceptions have been inter-
preted, it is necessary to look at the dispute mechanism under the WTO.

If a dispute arises and a member takes out a challenge against another
member’s legislation, decisions are made under the Dispute Settlement
Understanding, which dates from the Uruguay Round. Decisions are reached by a
panel of trade experts. The changes introduced in 1995 have introduced two
important issues to the system: the process is now quicker than it was prior to the
Uruguay Round and any decisions are binding once completed. To date there have
been no disputes on animal welfare issues, so we have to look to environmental
challenges for jurisprudence.

There have been eight challenges to environmental or human health measures
where panels have examined the appropriateness of the measures under the
Article XX exceptions, four under the Dispute Settlement Understanding. There
are a number of lessons to be learnt from these disputes. In general terms, it is up
to the party invoking Article XX (invariably the one defending the case) to prove
that the measure meets the criteria for the exceptions. Secondly, the provisions
under Article XX have been interpreted narrowly to date. Finally, the panel rulings
have pointed out that the crucial issue is how the measure is implemented, and in
particular whether there has been an attempt at solving the problem through a
multilateral channel.

The panel rulings also show how difficult it is to mount a successful defence
under the Article XX exemptions. Several panels have agreed that the disputes
qualify under the definitions in Article XX. The measures under both the
shrimp—turtle dispute (WTO, 1998) and the gasoline case (WTO, 1996) passed the
exceptions test under Article XX(g), with the panel acknowledging that turtles and
air, respectively, are an exhaustible natural resource. However, both measures
failed the Article XX chapeau test, as they were found to be disguised restrictions
on trade and were an unjustifiable discrimination. In the case of the shrimp-turtle
dispute, the trade measure introduced by the USA required other members to
adopt the same programme without taking into account different conditions in
other countries. There had also been no multilateral discussions. The USA entered
into multilateral talks with the main exporting countries following this ruling and a
further challenge to the US legislation was not upheld pending these talks.

One of the defences that would undoubtedly be used in a challenge to an
animal welfare measure would be Article XX(a), that the measure is necessary to
protect public morals. There have been no cases discussed under this exception,
so no definitions exist on public morals. Interestingly, recent national legislation,
such as the UK’s prohibition on fur farming and the USA’s law prohibiting the
import, export and sale of products made from cat or dog fur, were based on
ethical or public moral grounds. The US Government believed that its national
import ban on cat and dog fur products was consistent with its WTO obligations,
citing public morals as its defence, but no challenge has been made to the legisla-
tion, so there has been no definitive view of this law by the WTO.

Since the issue of animal welfare and the WTO was first raised 10 years ago,
it has been consistently stated that the WTO rules do not stop a country from
implementing standards based on its own social norms. So there would be no
inconsistency with WTO rules if the EU wanted to phase out battery cages.
However, there is an economic consequence of raising animal welfare standards,
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which would leave the domestic producer at a trade and price disadvantage when
compared to imports from non-EU-country producers using less humane methods.
Once this is accepted, and there have been many studies on the egg industry
underlining the point, international trade implications do emerge. Far from impos-
ing its own cultural values on other countries, the EU, which has some of the
highest global welfare standards, could find the cultural values of non-EU countries
being imposed on it. Two things are crucial. The determination of the economic
effects of raising standards and devising a system of ensuring that any measure is
least trade-disruptive.

ECONOMIC ASPECTS: PRODUCTION COSTS ARISING FROM HIGHER
WELFARE STANDARDS IN THE HEN INDUSTRY

Table 5.1 summarizes the difference in production costs of five different systems
using a space allowance of 450 cm? per bird as the baseline figure from three dif-
ferent studies. It underlines the effects of rising standards on production costs.

Although it is unlikely that the EU egg industry would face competition from
imported shell eggs, due to transport and provenance issues (see Chapter 8, this
volume), the trade in egg products from countries such as the USA or Brazil could
have the potential to undermine European producers (RSPCA/Eurogroup for
Animal Welfare, 2001; van Horne, 2003).

To date, additional costs arising from improved welfare conditions have been
absorbed by producers or consumers for the niche market premium standards such
as free-range. The existing European agricultural regime has also effectively
shielded producers from non-EU-country competition. However, the reform of the
CAP and the ongoing reduction in export subsidies and tariffs as part of the agri-
cultural negotiations under the WTO has meant that other solutions to non-trade
issues have to be addressed.

DISCUSSIONS UNDER THE WTO AGREEMENT ON AGRICULTURE (AOA)

Agriculture was first brought under the WTO regime as part of the Uruguay
Round, the first time that multilateral trade talks included agricultural policy. Non-
trade concerns were specified under the AoA’s Article XX but it was not until 1999

Table 5.1. Economic consequences of raising welfare standards in the European hen industry.

Production system % production cost difference from 450 cm? per hen
USA: 350 cm? per hen ~8%D: —38%¢

EU: 550 c¢m? per hen 7%D: 8%¢

Enriched cage 27%D; 13%2; 26%°

Barn/aviary 27%; 21%2; 24%°¢

Free-range 58%°; 68%0

ayan Horne (2003); PWilliams (2000); RSPCA/Eurogroup for Animal Welfare (2001).
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that the EC introduced its ideas on resolving the uncertainty between WTO rules
and higher welfare standards (EC, 1999). One option, to allow payments to
farmers for higher welfare standards, is under discussion. The other two, allowing
mandatory labelling of welfare products and to agree multilateral standards on
issues such as laying hens, are outside the present negotiation or have yet to be
raised. They are, however, crucial as they give flexibility for the producer.

Discussions on labelling within the WTO have not progressed much since the
report from the Committee on Trade and the Environment in 1996. No decision
was made on the role of mandatory labelling or whether labelling schemes that
were based on non-product-related process and production methods (PPMs), such
as the EU’s egg-labelling scheme, are covered by the Technical Barriers to Trade
Agreement (TBTA).

Labelling schemes are covered by the TBTA. Article 2.2 establishes the frame-
work under which labelling schemes can operate. These must not create unneces-
sary obstacles to international trade or be more trade-restrictive than is necessary.
Labelling schemes must also fulfil a legitimate objective, included in which are
measures to protect animal life or health or the environment. So the TBTA rec-
ognizes that mandatory schemes are permitted and sets up a number of tests to
ensure that the schemes are not obstacles to trade.

Voluntary labelling schemes do not conflict with existing WTO rules. As they
are not mandatory they do not conflict with products which are not labelled. No
obstacle to trade is created. This view was confirmed in the GATT decision in
1991, which looked at the legitimacy of a voluntary labelling scheme based on a
non-product-related PPM. The panel found that as there was no legal discrimina-
tion between voluntarily labelled and unlabelled products in the market (in this case
tuna), the labelling scheme did not restrict the sale of the product and so did not
represent an unnecessary obstacle to trade.

Voluntary schemes have their limitations. A voluntary labelling scheme for
shell eggs has existed for over 10 years in the European Union but research
showed that consumers were still confused about the provenance of eggs on sale.
The problem was that there was no incentive for lower welfare eggs to list their
method of production, as this would reduce consumer demand. Use of labels with
phrases such as ‘farm fresh’ or ‘country fresh’ increased consumer confusion. A
mandatory scheme was introduced (Regulation EC 5/2001) for domestically pro-
duced eggs, so that all eggs sold will have to list the production method. However,
crucially, the legislation avoids the issue of WTO competence because it allows
producers from non-EU countries to list on their label the country of origin, leaving
it to the consumer to guess what production method would have been used.
Switzerland has already introduced mandatory labelling schemes for imported as
well as domestically produced eggs. Both schemes have been reported to the
TBTA without challenge. The EU’s scheme came into effect on 1 January 2004.
Clarification of the mandatory labelling schemes could also emerge from discus-
sions on the EU’s genetically modified organism (GMO) labelling regime.

Negotiations on agreed international standards on animal welfare started
under the OIE (Organisation International des Epizootics/World Organization for
Animal Health) in 2002 when it was agreed that animal welfare would form part
of the organization’s strategic objectives (see OIE, 2003). The OIE has agreed to
start to look at negotiating agreements in four areas of animal welfare including
slaughter and the transport of animals by land and sea. An OIE meeting in 2004
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will also discuss setting standards in other animal welfare areas. A start has been
made to agreeing multilateral standards for animal welfare.

The EU’s proposal on agreeing payments for higher welfare schemes has
made some progress since it was first introduced in 2000. The proposal to allow
payments for loss of income or extra costs due to higher animal welfare standards
was the only non-trade issue outlined in the summary status paper issued by the
WTO in March 2003 (WTO, 2003). The deadline for agreeing the agricultural
modalities is now uncertain, having been missed twice in 2003, following the col-
lapse of talks at the Cancun ministerial. Its applicability to the egg industry is
dependent on a number of factors but gained fresh momentum in June 2003 when
the reform of the Common Agricultural Policy included language to allow member
States to pay farmers to move over to higher welfare schemes. Laying hen pro-
ducers would be eligible to claim payments for costs incurred as a result of chang-
ing over from the battery-cage system to a more extensive system. If the language
on animal welfare in the status paper is adopted, such payments would also not be
open to challenge at the WTO.

CONCLUSION

As trade in agricultural products is liberalized, it is important to ensure that welfare
standards can continue to be improved without loss of competitiveness. The hen
issue and the change-over from the intensive battery cage to a more extensive
system may well be the first of many where increased costs could impact on the
competitiveness of the industry. Moves away from intensive production are due to
come into effect by 2014 in the pig industry. New standards in the European
broiler industry could also be agreed in the next few years.

There are economic data that show the costs of improving the welfare of the
laying hen, so solutions have to be found that ensure that a country can respond
to consumer and public demands by raising its welfare standards and not be in con-
travention of trade rules. There are a number of unresolved issues regarding the
relationship of trade rules and animal welfare measures. These include the manda-
tory labelling of animal welfare products according to the method by which they
were produced, implementing differential tariffs according to method of produc-
tion, and introducing market-based rules such as sales prohibitions based on pro-
duction methods. The present round of negotiations on agriculture could clarify
one uncertainty if it agrees that subsidies for animal welfare standards are consis-
tent with WTO rules, thus opening up the possibility of laying hen producers being
eligible for subsidies under the CAP. It is doubtful that the EU’s egg-labelling
scheme will be challenged, as it sets less strict rules on imported eggs than on EU-
produced eggs and no challenge has yet been made to it under the TBTA. The
European laying hen industry may well have two measures to partially resolve the
problem of rising costs by the time that the 2005 review occurs.

Progress could also emerge in other areas, particularly to ensure that the
European industry remains competitive in the egg products market. The EU should
have some flexibility to ensure that tariff lines in the important egg products
regimes are not reduced to such an extent that the industry becomes uncompeti-
tive against imported products. Animal welfare suffers from having no consistently
agreed multilateral standards, but this is currently being addressed under the OIE
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negotiations. Although it may be many years before specific agreed standards
emerge on all the farming sectors, it would be seen as positive should there be a
challenge to a welfare measure, because it would indicate that such a process
exists. Finally, an agreed sales ban on cosmetics tested on animals from 2009 may
also provide a test of what measures are allowed to ensure that consumer concerns
on the ways that goods are produced can be made to work in the market-
place.

The WTO faces a crucial challenge to ensure that different national policy
goals can be accommodated if domestic social and ethical polices are not to be
undermined by trade liberalization. There are a number of unresolved issues still to
be faced in this challenge. It is essential, not just for the European hen industry but
also for the legislators and the public, that these are resolved so that higher welfare
standards such as a ban on the battery cage can be introduced and be made to
work within a multilateral trade environment.
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ABSTRACT

This chapter examines the relationship between retailers and consumers and the mech-
anisms by which food is purchased. The potential for this interaction to effect change
in animal welfare standards is explored.

BACKGROUND INFORMATION

In recent years, food retailing has become very complex. There are many types of
food now available which were not around 50 years ago. These are commonly cat-
egorized by food retailers in the following way, based around the storage require-
ments of such foods:

e Fresh — joints, chops, mince, sausages, eggs, milk
e Frozen — applicable to meat products generally

e Chilled — ready meals, cooked meats, pies, quiches
e Ambient — tinned and dried foods.

There are also many different outlets from which consumers can obtain this food
which include:

e Supermarkets

e Internet shopping

e Corner shops

e Garages

e Farmers’ markets

e Farm shops

® Restaurants

e Fast-food chains

e Cafés

e Public houses (pubs).

When the subject of food retailing is raised, the current focus is on supermarkets,
as they are very successful, currently selling well over half of the food purchased in
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the UK. The supermarket umbrella allows competition with all of the above forms
of food retailing except for farmers’ markets and shops, pubs and restaurants.
Certain changes are now evident in the way consumers purchase and eat food:

® More ‘further-processed’ food is being eaten.
® More food is eaten out of the home.

BRANDS AND THEIR IMPORTANCE

As consumers we make many decisions before we get to the ‘point of purchase’,
i.e. before we pick that product off that shelf. Brands are important here and trust
is built over many years. It is important for the integrity of a brand that companies
are able to demonstrate to customers the standards that they have in place. This
communication takes place in many ways:

e Food labels, e.g. organic, free-range, Scotch beef, outdoor reared.

® Responses to direct customer enquiries by sending out leaflets, information etc.

® Presence at agricultural and food shows.

e Articles in trade journals and ‘in-house’ and external magazines.

e Positive media coverage, particularly in response to food scares and negative
food stories.

The background work needed to achieve the ability to make this communication
in a positive manner is substantial, particularly for a large retailer who will be sourc-
ing many thousands of products from all over the world. The process which must
be undertaken is as follows:

1. Formulate a company policy.

2. Set the standards in relation to the policy.

3. Implement the standards.

4. Verify the standards.

5. Review the whole process and make adjustments.

The response to customer requirements can be considered to be offered in two
forms, examples of which are given below, using eggs as an example:

® Reactive — the brand is protected but nothing more, e.g. eggs are provided from
all systems (cage, barn, free-range, organic) and within each system known stan-
dards are set, e.g. a requirement that UK legislation is matched wherever the
product comes from in the world.

® Proactive — the brand is promoted, e.g. McDonalds UK use free-range eggs in
all their products, as do Marks & Spencer. This means that where eggs are
included in a product there is a requirement for suppliers to use free-range eggs.
These decisions cost significant amounts of money, time and effort for both of
these companies.

Traditionally, further-processed products such as cakes and quiches are made using
liquid and powdered egg obtained cheaply on the world market to standards often
well below those required by UK legislation.

Convenience is important to customers, who require plenty of choice under
one roof, easy parking, and a fast efficient service, as evidenced by the plethora of
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helpers available and tills now open in the top supermarkets. Good food safety is
expected and is not generally used as a marketing tool. Interestingly ‘campylobac-
ter-free chicken’ has been marketed on the continent, but sales were poor com-
pared with ‘normal’ chicken. This was probably due to the fact that the majority of
customers do not understand the ramifications of campylobacter, and negative
marketing is rarely successful.

THE CONCEPT OF VALUE

So when consumers finally reach the ‘point of purchase’, what specific decisions
are being made? The claim is that consumers only buy on price, and of course
price is important, but the concept of value is crucial and can be described as the
balance between price and quality. So which qualities are people interested in
regarding their food? There has been a considerable amount of customer research
in this area and results are very consistent, i.e. the qualities that people are looking
for can be placed in the following categories and very broadly in the following
order:

1. Eating experience, i.e. taste, texture, succulence, smell, appearance.

2. Healthy, i.e. fresh, high in vitamins, positively beneficial to health.

3. Safe, i.e. additive-free, antibiotic-free, pesticide-residue-free.

4. Produced from systems which are not harmful for animals, people and the
environment.

Traceability, a well known buzz-word of our time, is merely a tool which, when
used effectively, can guarantee all of the above qualities. For example, looking at
the passport of a bullock in the slaughter house and seeing that he was reared on
Joe Bloggs’ farm tells us nothing about the welfare of the animal during his life
unless linked to other information such as membership of an assurance scheme.

HOW CAN WE EFFECT CHANGE?

Animal welfare is like all other consumer issues, i.e. it competes for the money we
receive each week or month and is as high on the agenda as we choose to put it.
It is useful to consider who this ‘we’ is, and the following list gives some idea of the
different types of people who have influence on this subject:

e Consumers — purchasers of food.

e Citizens — those providing the common ethic.

e Producers of food.

® L cgislators.

e Non-governmental organizations (NGOs).

e Suppliers of goods and services to food producers (e.g. equipment manufactur-
ers, nutritionists, vets, pharmaceutical companies).

It is notable that most of us are consumers of animal products and thus the vast
majority of us fall into two or more categories above. The distinction between con-
sumers and citizens is important, as it might explain the many pieces of research
which show that over 80% of consumers say they are prepared to pay more for
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‘animal welfare friendly’ products, whereas reality proves otherwise. The consumer
or customer of the food retailers is of paramount importance in effecting change,
as purchasing decisions drive the way in which food production operates. There
are various mechanisms which can be employed to influence these vital purchas-
ing decisions:

® [ egislation, e.g. improved labelling laws to prevent misrepresentation.

® Increased understanding by education through schools, TV, farm visits etc.
Where consumers are known to have understanding, purchasing decisions are
seen to reflect this, for example sales of free-range eggs are now over 30% of
the fresh egg market in the UK. Would this extend to further-processed prod-
ucts if there was greater understanding of food production?

e Demonstration of, and research into, improved farming systems which are
shown to consumers and also to farmers and other influential bodies both at first
hand and through the media.

® The sale of improved products to customers which compete with the status quo
— what is next after free-range?

@ Increasing the profile of the ethical aspects of treating animals and the use of
peer pressure to influence both consumers and food producers (lobby organiza-
tions such as Compassion in World Farming do this with some success, e.g.
battery eggs).

CONCLUSIONS

1. Many food production systems were developed at a time of food shortages and
poor knowledge of animal requirements, and thus standards are low compared
with our current ability to pay and our understanding of animal welfare science.
2. Food retailers sell food and are primarily driven to provide value for their cus-
tomers. Most food retailers do not promote a particular type of food, only their
own brand. If customers buy less of a particular type of food then this section of
the brand will simply occupy less shelf space.

3. For change to occur there has to be a societal impetus, and the greatest power
lies in the hands of consumers, i.e. if we buy more products which truly reflect
animal welfare improvements then their market penetration increases. Food pro-
duction is currently poorly understood by consumers.

4. Perhaps there are products which we would like to buy which are currently
unobtainable; for instance, most of us didn’'t know we wanted a microwave oven
so badly until they became available.
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ABSTRACT

In the UK egg industry, there has been widespread adoption of quality assurance
schemes, of which animal welfare is an integral part. Welfare is addressed in terms of
the system of production to be used and with reference to related issues such as beak
trimming and transport time. This chapter considers the relationship between quality
assurance and welfare.

INTRODUCTION

Quality assurance is now fundamental to the production and marketing of eggs in
the UK but it has only recently become so. Twenty years ago the emphasis was
firmly on cost of production and production efficiency. Some 95% of the national
laying flock in the UK was housed in cage systems, and non-cage flocks tended to
be domestic rather than commercial. Eggs were essentially a commodity and there
was little attempt at product differentiation.

The changes that have occurred in recent years emphasize a changing attitude
to food in general. Food purchases are determined not only by the need for nutri-
tion but also by other factors, including animal welfare standards and the physical
appeal of food. As a result, there is now much greater diversity in the systems used
to produce eggs, with commercial free-range and barn systems in widespread use,
in addition to cages. Non-cage systems now account for over 25% of all the eggs
produced in the UK and further growth is predicted. There has also been growth
in organic production and in eggs with modified nutrient content, designed to be
beneficial to human health.

In a competitive market-place, quality assurance has been adopted for eggs
and other foods to meet the more detailed and complex mix of consumer require-
ments as efficiently as possible.

Quality assurance can be defined as ‘a planned and systematic pattern of all
actions necessary to provide adequate confidence that the end product will perform
satisfactorily’. Essentially, quality assurance aims to ensure that the requirements of
the consumer or user are met, and the definition given above can be applied to a
wide range of different production and manufacturing processes.
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Quality assurance requires all inputs to be carefully planned and documented,
with controls and monitoring points in place to ensure that predetermined stan-
dards are achieved. In the UK egg industry, there has been a widespread adoption
of quality assurance schemes in recent years. The standards set within these
schemes often exceed legislation and place more emphasis upon attributes which
directly determine the appeal of the product to the buyer. Animal welfare standards
are important because welfare is an important factor in determining sales of eggs.

The establishment of ‘production standards’ has therefore become a corner-
stone of quality assurance schemes. These specify the way that eggs are to be pro-
duced, in terms of the production system (cage, barn, free-range) and its key
characteristics (e.g. stocking density). Other welfare-related issues such as the need
for good stockmanship, environmental control and transport issues are also
included.

The two most widely adopted schemes for UK egg production at present are
the Freedom Food scheme and the BEIC Lion Code, although multiple retailers
and other organizations also set their own standards. In addition, organic bodies
set production standards relating to the production of organic eggs and these too
incorporate welfare-related issues. Producers who adopt these schemes are subject
to frequent audits to ensure that standards are maintained.

The Freedom Food scheme implements the welfare standards of the RSPCA.
For laying hens, it covers barn and free-range egg production only, and the welfare
standards adopted exceed the minimum requirements of legislation. The scheme is
integrated, in that the standards apply not only to laying farms but also to pullet
rearing premises and hatcheries. They also extend to transportation and to pro-
cessing premises. Whilst the scheme is voluntary, the vast majority of UK barn and
free-range eggs are now produced to Freedom Food or equivalent standards.

Similar requirements for non-cage systems are adopted within the BEIC Lion
Quality Code of Practice, which is also a voluntary, integrated scheme. It now
accounts for some 75% of the UK egg market. A key difference between the Lion
Code and the Freedom Food scheme is that the Lion Code includes specifications
for cage egg production, as well as for alternative systems. Furthermore, in addi-
tion to animal welfare, it covers issues such as food safety, with the compulsory
vaccination of all stock against salmonella species. Eggs produced within the Lion
scheme are marked with the Lion logo and with a ‘best before’ date.

The effects of these schemes have been considerable in altering the nature of
non-cage egg production systems in particular. Key changes have included a reduc-
tion in house stocking density and the introduction of limits on flock and colony
size. A requirement for the provision of litter in houses was also introduced to allow
additional behavioural requirements to be met. Minimum space requirements for
nestboxes were introduced and, for free-range production, minimum pophole sizes
and numbers were specified. In addition to the benefits to animal welfare, these
changes (which were not required within the EU egg marketing regulations at the
time) were also seen as being consistent with consumers’ perceptions of such
systems.

Whilst animal welfare is important, consumers also have a range of other
requirements which affect purchasing decisions. In some cases, the various require-
ments can be difficult to reconcile, as the following examples illustrate.
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EGG FRESHNESS

‘Freshness’ of eggs is important to consumers, and whilst egg packing has tended
to become concentrated at a small number of large centres around the country, the
trend towards smaller unit sizes in non-cage systems means that there are more
production sites in total. The need for frequent collections of eggs from numerous
sites spread over a wide geographical area presents egg packers with a difficult
logistical problem.

EGGSHELL CLEANLINESS

EU egg marketing legislation requires Class A eggs to be ‘clean’, irrespective of the
system of production. The washing of Class A eggs is not permitted. A small tol-
erance may still remain for very minor amounts of shell soiling, but it is generally
accepted that the threshold has become lower in recent years.

In non-cage systems, it is generally more difficult to maintain eggshell cleanliness.
A small percentage of eggs are inevitably laid outside the nestboxes and these are very
likely to become dirty. The inclusion of litter within buildings can increase the risk of
floor laying through the provision of an attractive alternative to the nestbox. Even eggs
which are laid in nestboxes are prone to contamination due to droppings, dust and
other contaminants, and if litter quality is not maintained in a friable condition, then
not only does this become a welfare issue, but some of this contamination on the birds’
feet can also be transferred to nestboxes and ultimately to eggs. By contrast, in con-
ventional cage systems, there are likely to be fewer dirty eggs because droppings fall
through the cage floors and the birds’ feet are generally cleaner.

In free-range systems in particular, the risks to eggs and to animal welfare are
greatest during adverse winter conditions when range areas are wet and where the
difficulties of maintaining litter quality are greatest.

In non-cage systems, the larger price differential between first quality (Class A)
eggs and seconds makes the financial effects of downgrading much more signifi-
cant. Because of this, there may be a temptation to illegally wash some dirty eggs
on the farm. Figures published by DEFRA (2002) report that inspectors found evi-
dence of some eggs having been washed in 9.6% of all batches of home-produced,
non-cage eggs examined between April 2001 and April 2002. By contrast, evi-
dence of egg washing was seen in only 1.6% of all batches of cage-produced eggs
over the same timescale. Given the likelihood that the washing methods used
would have been rudimentary and poorly controlled, the inclusion of washed eggs
in first quality could have important food safety implications.

EGGSHELL COLOUR

Egg shell colour appears to be more difficult to maintain in non-cage systems.
Whilst the EU egg marketing regulations do not require eggshells to be a par-
ticular colour, brown-shelled eggs account for almost all of the UK market.
Uniformity of colour within a batch, together with a certain minimum depth of
colour, are important considerations for buyers. Pale-shelled eggs are often
deemed unacceptable.
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Outdoor flocks are more susceptible to disease challenges which can affect
shell colour and, in recent years, certain free-range flocks have been periodically
affected by a ‘pale egg syndrome’. This has usually occurred during the summer
months and has resulted in a sudden huge increase in the numbers of eggs being
downgraded. Whilst the causes are not clearly understood, anecdotal evidence has
suggested that there is a link between loss of shell colour and outdoor access.

These examples set out some of the conflicts between the desire for traditional
and non-cage systems of production on one hand, and the requirements for a high
quality, uniform food on the other. Meeting the various requirements of today’s
consumer provides a challenge to the industry. The difficulties are not insur-
mountable but, to overcome them, emphasis has to be placed on the design of the
production system and on the abilities of staff to operate it successfully.

REFERENCE
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ABSTRACT

It should not be forgotten that egg producers, whether they produce cage, barn, free-
range or organic eggs, operate commercial businesses subject to the economic pressures
of supply and demand. In terms of the EU’s Common Agricultural Policy (CAP), eggs
are subject to a ‘light’ regime where the only support offered is that of tariffs which are
imposed on imports coming into the EU from countries not in the European Economic
Area (EEA). Success of these businesses is not guaranteed; failure is a real possibility.

There are three important drivers which influence producers’ behaviour. Firstly,
and most importantly, it is consumers who will determine the types and quantities of
eggs produced. It is consumers who decide the ‘what’. The second driver, legislation,
sets the minimum standards — the ‘how’. The weakness of legislation, however, is that
it is not global — for the UK it is either national or EU. In the increasingly globalized
trading environment that exists today it is the third driver, therefore — the World Trade
Agreement — which will determine the ‘where’.

The UK egg industry already has one of the largest alternative market shares in
Europe (mainly free-range) and that is forecast to grow significantly over the next
10 years, again mainly in the free-range sector. Cage eggs represent 70% of the
market currently and whilst this will decline as the alternatives grow, it is still expected
to be the biggest market sector in 2012 at around 50%.

Different pieces of legislation are increasing the cost of all types of egg production
in the EU according to varying timetables. The cost end-game of all the EU Directives
and Regulations is currently due to be achieved at the end of 2011. The welfare stan-
dards (and costs) in Europe far exceed those anywhere else in the world.

At the same time another round of WTO negotiations is under way which will
inevitably reduce our protected status with regard to imports from non-EEA countries.
Under current WTO rules one cannot ban imports from non-EEA countries that do not
meet UK welfare standards. Whilst it is the intention of the EU to introduce welfare
standards into the new WTO proposals, it is the express intention of many of our
trading partners not to allow it.

On a worldwide basis, traded egg is cage egg, and the most price-sensitive market
is for eggs used in processing. In the EU we need a viable low-cost production system,
which the enriched cage offers, for the processed and value markets. It is the outcome
of the WTO negotiations and the 2005 review of the Welfare of Laying Hens
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Directive which will determine whether that egg is produced in the
EU or imported from non-EU countries where welfare standards are much lower than
those currently pertaining in the UK, let alone the new standards we are moving
towards.

LEGISLATION

Normally one would start first with consumers, since the market is the most impor-
tant driver, but in this chapter it is probably better to start with the legislation, since
this is going to have such a profound effect on costs, and therefore also on the
market.

There are many pieces of welfare legislation which impact upon egg produc-
ers. Mainly these arise from EU Directives or Regulations, which may or may not
be ‘gold-plated’ when they are transposed into national legislation. Within the UK
there is an added complication that animal welfare is a devolved issue so that we
have, for example, four pieces of legislation — English, Welsh, Scottish and
Northern Irish — to implement the EU’s Welfare of Laying Hens Directive (WLHD).

Wihilst there is welfare legislation on transport, slaughter and on animal health,
this chapter considers the effect of three pieces of legislation:

o the EU Organic Regulations (EC 1804/99 supplementing EEC 2092/91);
e the EU Egg Marketing Regulations (various);
e the Welfare of Laying Hens Directive (1999/74/EC);

as implemented by the respective national legislations.

Table 8.1, produced by the British Egg Industry Council (BEIC), shows the
impact of the Welfare of Laying Hens Directive on the costs of egg production. It
is worth noting that all costs will rise — cage, barn and free-range — between now
and 2012, when all the measures in the Directive are completed. The enriched
cage will be the cheapest form of egg production in 2012. Also included in Table
8.1 are some figures for multi-tier barn systems. These systems are not currently
used in the UK but do find some favour in certain other EU member States. They

Table 8.1. Impact of the Welfare of Laying Hens Directive on the costs of egg production.

Capital cost Running cost
Stocking density (£ per bird) (pence per dozen)
Cage 350 cm? per bird 10.00 38.0
Cage 450 cm? per bird 14.00 413
Cage 550 cm? per bird 14.25 41.4
Enriched cage 750 cm? per bird 20.30 46.1
Barn — single level (based on 12 birds/m?2 ground floor) 14.73 52.2
Barn — single level (based on 9 birds/m? ground floor) 19.14 57.5
Barn — multi-tier (based on 12 birds/m2 ground floor) 21.03 55.6
Barn — multi-tier (based on 20 birds/m2 ground floor) 21.87 52.3
Free-range — single level (based on 12 birds/m?2 ground floor) 20.61 62.4

Free-range — single level (based on 9 birds/m?2 ground floor) 25.00 69.3
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have been advocated by some welfare organizations as ‘the way forward’ (as com-
pared to enriched cages).

It should be remembered that when non-cage systems were first developed in
the UK - in the early to mid-1980s — several high-density, multi-tier systems were
used. The mindset of the time was ‘Here is a former cage house which used to
contain X thousand birds. How can we design a non-cage system to accommodate
as nearly as possible those X thousand birds?’ This mindset might still apply in
those EU member States where they find favour today. The UK industry, however,
quietly abandoned all their multi-tier systems because they simply did not work, and
went over to the single-tier systems that are virtually universally used today. It is
accepted that today’s multi-tier systems are not the same as the ones previously
abandoned and that one should keep an open mind on these issues, informed via
meaningful research. To propose them as the current panacea for all ills is,
however, reckless in the extreme.

Figure 8.1 shows the cost effects of both the WLHD, the organic regulations
and the egg marketing regulations, along with the operative dates. The costs are
shown in Table 8.2. These cost increases are the farmgate increases in cost of all
the eggs that a hen produces. It is misleading to apply these figures, as certain
welfare organizations do, to annual per capita egg consumption figures (180 in
2002) and then say ‘it would only cost consumers just over £3 to convert from
cage to free-range eggs’.

No new conventional cages.
Stocking density 550 cm?/bird.

Enriched cages 750 cm?/bird —
cages to include nest, perch and All original pullets to be
scratching area organically reared

=&

New organic units
6 birds/m?, max 3000

Diet 100% organic

- ¢

Fig. 8.1. Cost effects of the Welfare of Laying Hens Directive, the organic regulations and egg market-

ing regulations and the operative dates.
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Table 8.2. Cost increases by 2012 due to legislation.

Current cost Cost increase by 2012
(pence per dozen) due to legislation

Cage 414 +4.7
Barn 52.2 +5.3
Free-range 62.4 +6.9
Organic 85.0 +36.7

There are substantial cost differences from farm to the supermarket shelf to
take into account; in particular, the downgrading of premium eggs from premium
egg sales due to their size or quality or due to the variability of market demand,
which means running surpluses to meet peak levels. These surpluses would nor-
mally be cascaded down, subject to sales requirement, into lesser production types,
e.g. organic to free-range, free-range to barn, etc. With the advent of the marking
of production type on the egg this may no longer be possible. The cascade works
for the benefit of alternatives and its loss would damage the economics of non-cage

eggs.

CONSUMERS

Consumers dictate what is produced; and producers should do that to the best of
their ability, whatever system is operated. In 2002 the market split in the UK
according to Department of Environment, Food and Rural Affairs (DEFRA) statis-
tics is shown in Table 8.3. There are three sectors which go towards making up
those figures; retail, food service and processing. Of the eggs consumed in 2002,
64% were from the retail sector, 18% food service and 18% processed.

Table 8.3. Egg production systems in the UK in 2002.

Organic 2%
Free-range 22%
Barn 6%
Cage 70%
Total 100%

Figure 8.2 shows the estimated demand by egg type and market sector in
2001/2002. This shows that currently non-cage-produced egg is only significant
in the retail sector. Penetration of non-cage eggs in the food service and processed
sectors is low and that which exists is due almost exclusively to two companies —
McDonalds UK in food service and Marks & Spencer in processing.

Looking into the crystal ball to see where the market split might be in 2012
(when all the current welfare issues are completed), it is necessary to forecast
changes both within each sector and also the relative sizes of those sectors. A
‘guesstimate’ of the market split in 2012 is shown in Table 8.4.
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Fig. 8.2. Estimated demand by egg type and market sector (2001/02).

What reasoning lies behind these figures? Firstly, for organic egg production
there is a real problem. Whilst all costs of production are going to rise as a result
of legislation, organic production is going to increase at a massively dispropor-
tionate rate. Even though organic egg has been the fastest growing sector over the
last few years, when those ex-farm prices are translated into the retail price
increases that consumers actually pay they may kill off further growth in organics,
and may even lead to an overall decline in the size of the organic egg share of the
market.

Table 8.4. An estimate of the market ‘split’ in 2012.

Change 2003-2012

Organic 2% No change
Free-range 40% +18%
Barn 8% +2%
Cage 50% —20%
Total 100%

With free-range eggs, substantial growth is foreseen. This rate of growth at 2%
per annum is faster than we have seen previously and so this is an optimistic fore-
cast. Free-range growth in the retail sector is not yet complete, although a plateau
will eventually be reached which will vary according to customer profile, but signif-
icant growth is foreseen in the food service and processing sectors. These sectors
are themselves growing, with retail static (but no longer declining).

Barn production is the most difficult product to forecast. The barn egg remains
the ‘Cinderella’ product which consumers do not understand. Most consumers will
have a perception of cage and free-range egg production but cannot envisage what
barn production entails. Personal experience of consumer perceptions of cage and
free-range is that they are wrong in both cases. When showing non-poultry people
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around farms, cage production almost always comes across as ‘nothing like as bad
as they expected’, and with free-range the expectation is of small groups of birds
(under 100) rather than thousands.

Given the buying public’s lack of understanding of the barn sector, there may
be only a very modest increase in barn production by 2012. This growth is all in
the retail sector; there is no barn requirement to speak of in food service or pro-
cessing and that is unlikely to alter.

The forecast for cage eggs by 2012 at 50% is based on it being rather less
than half of retail (approximately 40%) but still predominant in the growing food
service and processing sectors (approximately 70%).

WORLD TRADE AGREEMENT

The big question is ‘will that egg be produced here or will it be imported’? The
answer to that question depends on the outcome of the current World Trade
Organization (WTO) negotiations and the outcome of the review of the WLHD in
2005. Producers cannot complain about competing on the proverbial ‘level
playing field’. The problem is that the playing field is already tilted against them
and the current European welfare legislation disadvantages them yet further. Cage
egg dominates the world scene and on a worldwide basis traded egg is cage egg.
It must also be remembered that it is the EU, not the UK, which sits at the WTO
negotiating table. In the WTO proposals currently on the table, payments for the
additional costs of welfare legislation would be permitted via the ‘Green Box’.
Whether that remains in the final agreement is absolutely key to producers.
However, even if it does, it is by no means certain that any assistance would actu-
ally be forthcoming, due to budgetary constraints both at EU (Common
Agricultural Policy) and UK levels.

There is a very real fear amongst producers that, when it comes down to the
inevitable horse-trading as the current WTO round is concluded, agriculture is
unimportant to both the UK and the EU (as compared, say, with services and man-
ufacturing) and that egg producers will be offered as the sacrificial lamb to secure
a deal in other areas.

To illustrate the problems facing the egg industry, the BEIC, along with the
egg trade associations of Spain, Italy and The Netherlands, commissioned a study
by P. van Horne and N. Bondt of the LEI in The Netherlands (van Horne and
Bondt, 2003). This study looked at the current competitiveness of EU-produced
egg and also how this could change under a variety of scenarios by 2012. There
are, in fact, eight different traded egg product lines, although the study concen-
trated on just two — whole eggs in shell, and whole egg powder. The study looked
at the cost of eggs delivered to Frankfurt.

Figure 8.3 shows the current costs for supplying shell eggs to Frankfurt; it can
be seen that, although the EU’s production costs are the highest of the countries
chosen, when you add in the transport costs and the tariff then the EU egg works
out as the cheapest. The situation for whole egg powder is currently also relatively
safe (see Fig. 8.4) but India is already marginally cheaper.

Under WTO rules there are some reduced tariffs (50% of normal levels)
for limited fixed volumes — the Tariff Rate Quantities (TRQ) — which are meant
to represent 5% of the market. Whilst the current TRQs on shell egg are hardly
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Fig. 8.3. Shell egg prices in Frankfurt in 2001.

ever used, those for powders are, not surprisingly, almost always used to the

full.

The scenario chosen here for 2012 is one which assumes the following:

® EU feed cost down 5% due to the CAP mid-term review.
e Appreciation of the euro by 15% against trading countries’ currencies.

® 36% reduction in tariffs (as per the last WTO round).
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Fig. 8.4. Whole egg powder prices in Frankfurt 2001.



[62

A. Jorét |

100
90 ]
19 ]
"W T
19
701 5 19 —
2 21
5 607
o 11 26 L] Levy on imports
L 50T — ] Transport
S 26 | |[H Cost of EU Directive
o 1| |1 Production cost
40 excluding EU Directive
307 | 60
68 49 51
2077 39 35| |
107 .
T T T T T
EU PL UKR USA BR India

Fig. 8.5. Estimated shell egg prices in Frankfurt in 2012.

The current WTO proposals go further than the scenario above, with an
average 50% reduction envisaged. Under this scenario for shell egg in 2012 there
are some problems. Poland, although cheaper, will then be in the EU and so is not
relevant. Ukraine is competitive. The scenario shown in Fig. 8.5 would suggest
that the TRQs would be used on shell egg in these cases.

This study looked at full costing. In many circumstances, however, export busi-
ness takes place at a loss due to dumping to protect home markets — thus one
might surmise that under this scenario there would also be an element of imports
at full tariffs from countries in surplus.

The situation for whole egg powder under this scenario in 2012 is simply dire,
as shown in Fig. 8.6. At an EU level the processing sector amounts to 25% of EU
production (compared with 18% currently in the UK). Again, on an EU basis, the
processing sector currently comprises approximately 25% powders, the balance of
75% being in fresh or frozen products. This is forecast to reverse by 2012 so that
food manufacturers, who are often pan-European, can take advantage of low-cost
egg powders from around the world. It is not surprising that the egg industry in
both the UK and Europe is making the case as strongly as it can for eggs, partic-
ularly in powdered form, to be treated lightly in the current WTO round.

It is against this background that the EU will have to review the WLHD in
2005. By then, of course, we will be an EU of 25 member States and that in itself
will introduce a whole new set of opinions. There is ‘a head of steam’ building in
the southern member States which says, for cage eggs, ‘550 cm? per hen and no
further’. At the same time we have the gold-plating of Germany, which bans con-
ventional cages at the end of 2006 and enriched cages by 2012. There is now an
increasing view that Germany will alter its position when it reviews its own legisla-
tion in 2005, at the same time as the EU review.

One of the problems caused by the WLHD is the sheer cost of it. Due specif-
ically to the height requirement of 45 cm for an enriched cage, it will require all
cages to be replaced, since it is not feasible, from an engineering point of view, to
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Fig. 8.6. Estimated whole egg powder prices in Frankfurt in 2012.

add height to cages. Interestingly the capital cost is similar, at around £20 per bird
place (excluding land in the case of free-range), for any 2012-compliant system —
enriched cage, barn or free-range single-tier at 9 birds/m and barn multi-tiers at
greater stocking densities. This cost of approximately £20 per bird is, however, for
totally new systems rather than, say, re-caging an existing cage house with
enriched cages.

The BEIC estimate of the capital cost of the WLHD is £431 million, which is
in close agreement with the Government’s figure of £409 million produced in its
regulatory impact assessment. Both these assessments included elements of re-
caging as well as new building.

The question is ‘where is the money going to come from’? There is a capital
bill of approximately £430 million to find over the next 9 years. In a good year egg
producers will make, say, £10 million at farm level, and farm level is the relevant
indicator since the expenditure will be on-farm. How can producers be expected
to find capital at five times their good year profits for the next 9 years to comply
with the Directive? Until now the egg industry has been a subsidy-free zone, but
unless some form of assistance is available to make the transition, then a major
shortfall in domestic egg availability can be foreseen which will throw open the
market to imports, regardless of the outcome of the WTO negotiations.

The UK needs a low-cost egg production system in its portfolio and it seems
that the enriched cage will fulfil that. What is exciting us as producers is the
progress that has been made on enriched cage design in the short time since the
Directive was agreed. In particular, larger enriched cages with colonies of up to 60
birds are showing considerable promise. While the space per bird remains
unchanged at 750 cm?, the larger unit size allows much better organization of
space, with separated nesting, perching and scratching areas. Due to the use of
shared space, many more individual bird behaviours are possible, such as wing
stretching, wing flapping and so on. There is a potential risk of feather pecking
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and cannibalism due to the larger colony sizes, but early information on this is very
encouraging. It is, of course, still a small colony when compared to our barn or
free-range birds, where colonies in their thousands are the norm. These larger
colony cages are an enriched cage system which needs further investigation,
although time is now short if it is to contribute to the 2005 review.
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CHAPTER 9
The laying hen: systems of egg production
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ABSTRACT

Early last century, egg production was based on small flocks kept extensively on mixed
farms alongside other livestock and crop enterprises. As farming became more spe-
cialized, average flock size increased and semi-intensive systems emerged, in which
hens were kept in houses with littered floors, often with outdoor access. Various more
intensive systems incorporating perforated floors to separate hens from their faeces
were developed around the middle of the last century. Laying cages followed, first for
single birds and soon after for small groups of birds.

The debate on animal welfare in many countries and, in particular, the intense crit-
icism of laying cages, the most widely used egg production system, has stimulated many
developments to enhance cage design, improvements to alternatives and the emer-
gence of new systems. These developments have generally been gradual and well
thought out. In recent years, EU Directives for the protection of laying hens, and
accreditation schemes, have further influenced system design and management.

A variety of production systems are currently available, including conventional and
enriched (furnished) laying cages, alternatives such as aviaries, percheries and deep
litter, and free-range production in fixed or mobile houses. Welfare can be satisfactory
in each of these systems, if they are well designed and managed, but currently pullet
chicks destined for alternative systems have to be beak trimmed at under 10 days of
age to minimize the risk of feather pecking and cannibalism. Production costs are
lowest in cages and highest on free-range.

BACKGROUND

Early last century, egg production was based on small flocks of hens kept outdoors
on mixed farms alongside other animal and crop enterprises. As farming became
more specialized, the average flock size increased and hens were kept mainly in
houses with littered or part-littered floors, often with access to an outdoor enclo-
sure. Parasitic disease problems occurred commonly when many hens were kept
on litter or land in confined areas. Various perforated floored systems (mainly
timber slats or wire mesh) were developed in the 1930-1950 period to separate
hens from their faeces and thus minimize the risk of parasitic disease. However,
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these systems often resulted in problems of hysteria, feather pecking and canni-
balism. The deep-litter system, first operated as an all-litter floor and later on two
levels comprising part littered/part raised perforated floor areas, gained popularity
for large-scale egg production.

During the 1930s the first commercial cages for laying hens were developed
in the USA; these were designed to house single birds and consisted of a wooden
framework with wire mesh floors. Feed and water provision, egg collection and
manure removal were all done by hand. Laying cages gradually evolved in Europe
during the 1930s and 1940s and many were constructed almost entirely of metal.
The detailed design of early cages was not ideal and birds were sometimes trapped,
resulting in injury or death. However, hygiene was significantly better than in alter-
native systems, parasitic diseases virtually disappeared and injurious pecking and
cannibalism were reduced considerably. After many years of design improvement,
mortality due to accidents and trapping in modern cages has been reduced to a
very low level.

During the 1940s, many laying flocks moved from free-range and semi-inten-
sive systems to deep-litter houses, wire-floored houses or a combination of the two.
During the 1950s and 1960s there was a rapid and sustained change towards
laying cages. This took place, in particular, to simplify management but was also
prompted by welfare and disease problems which were then prevalent in the
verandah, straw-yard, deep litter and wire floor systems. Initially these cages were
for single birds, but in the early 1950s twin-bird cages became popular and multi-
bird cages soon followed. This trend continued during the 1960s and 1970s (see
Fig. 9.1 for the UK figures). During this period the economic and welfare benefits
of higher winter house temperatures were discovered, and the number of tiers of
cages and stocking density in laying houses therefore increased. Also during this
period the realization that there were production benefits from the use of con-
trolled lighting patterns led to the common adoption of windowless, artificially lit
housing. Improved house insulation was adopted to prevent condensation at

1946
1951
1956
1963
1966
1976
1980
1986
1990
1993
1995
1996
1997
1999
2001

Cages Litter/barn  Free-range

Fig. 9.1. Changes in UK egg production systems, 1946-2001 (adapted from data of MAFF and DEFRA and
the Museum of the British Poultry Industry).
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higher stocking densities and fan-controlled ventilation systems were introduced to
cope with excess heat in summer. The result was the emergence of controlled envi-
ronment housing which has continued in use until the present, but with increasing
automation of control systems.

As cages, in various configurations, came into general use, feed and water pro-
vision, as well as egg and manure removal, were increasingly mechanized. Today
most commercial egg production (well over 90% in the USA and Europe) is derived
from caged hens. However, there is an increasing awareness in many countries
that hens in conventional cages are restricted to some extent in their freedom and
ability to fully express the full range of their normal behaviour patterns. This has
led to increasing public concern in some areas about the continued use of cages in
their present form. European Union (EU) Council Directive 99/74/EC (EU,
1999), which has been implemented by the national laws of most member States,
requires all laying cages in use after 2011 to be enriched by the addition of nest-
boxes, perches, littered pecking and scratching areas etc. It also introduces more
stringent requirements for alternative systems. These requirements could be
amended for some or all systems in the light of new information, when the review
of this Directive is completed by the end of 2004.

The debate on animal welfare and, in particular, the criticism of conventional
laying cages, has stimulated many developments in the enhancement of cages,
improvements to existing alternatives and the emergence of new designs. In all
systems, management as well as design are important for good performance and
bird welfare. For various reasons, production costs are higher in alternative
systems than in laying cages. An indication of these is shown in Table 9.1.

Table 9.1. Egg production costs guide in different systems.

Cost (% of conventional cage:

System Stocking density 450 cm? per hen)
Conventional cage 450 cm? per hen 100
Conventional cage 550 cm? per hen 104

Enriched cage 600 cm? per hen 108-110
Enriched cage 750 cm? per hen 110-112
Aviary/perchery (barn) 12-18 hens/m? 112-115
Aviary/perchery (barn) 9 hens/m?2 116-118
Free-range 1000 hens/ha 140

(After Elson, 1985, 1992; Haartsen and Elson, 1989; van Horne, 1996.)

Over the years, in many European countries, the proportion of hens in cages
increased to a peak in the early 1980s and has since declined. Taking the UK as
an example, the percentage of eggs from hens in different systems were as shown
in Fig. 9.1.
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CONVENTIONAL LAYING CAGES

The conventional laying cage is usually a small enclosure with a sloping wire mesh
floor and ancillary equipment for feeding, drinking and egg collection mounted on
the front. It may appear that little change has taken place during the past half-
century since battery cages took over from traditional non-cage systems as the
most popular method of egg production. However, there have been several
changes in the detail of cage design and construction to improve production and
efficiency and enhance bird welfare.

One of the major points, which has given rise to public concern, is the degree
of confinement of laying hens in cages. In some countries the area allowed per bird
has increased in recent years and EU Directives 88/166/EEC (EU, 1988) and
99/74/EC (EU, 1999) have helped to achieve this. However, a wide range still
exists in multi-bird cages from under 350 cm? per hen in the USA to 450-550 cm?
per hen in most of Europe and 600-700 cm? per hen in Scandinavia. Studies on
the space requirements of laying hens by Faure and Lageric (1989), using an
operant conditioning technique, indicated that the motivation of hens to work for a
space of more than 400 cm? (four hens in 1600 cm?) is low, although some hens
did work for 625 cm?2 each (four hens in 2500 cm?). Since 1988, most manufac-
turers have redesigned their cages and in doing so have produced a cage which is
approximately 50 cm square, giving a cage area of about 2500 cm?.

There is a difference in interpretation in different member States of what con-
stitutes the regulation ‘cage area ... which may be used without restriction’ espe-
cially in relation to the area occupied by a deflection plate. In practice, deflection
plates are fitted immediately behind the feed trough and generally protrude
5-10 cm into the cage. In the national laws of Belgium, Germany, The
Netherlands and the UK, the area occupied by such deflection plates can be
included as cage area, but in those of France and Italy it cannot. The EU Scientific
Veterinary Committee considered this matter and concluded that the area occu-
pied by such deflection plates allows most behaviours found in cages and should
therefore be included in the cage area (Blokhuis et al., 1997).

Increased area per hen is one of two new cage requirements in EU Directive
99/74/EC (EU, 1999). The other is for the provision of a suitable claw shorten-
ing (CS) device. Conventional (unenriched) laying cages must now comply with the
following criteria:

e at least 550 cm? cage area per hen, 65% of which must be over 40 cm high and
all of which must be over 35 cm high;

® at least 10 cm feed trough length per hen;

® at least 10 cm drinker trough length per hen or at least two nipple or cup
drinkers within reach of each cage;

@ a floor with a maximum slope of 14% or 8 degrees, which adequately supports
the forward-facing claws of each foot;

® a suitable CS device.

Extra Area

The increase from the previous requirement (EU Directive 88/166/EEC) of
450 cm? per hen to the current one of at least 550 cm? per hen can be achieved
in one of three ways:



| The laying hen: systems of egg production

71 |

1. Reduce the number of hens per cage — typically in a modern 50 x 50 cm cage
from five to four hens — a reduction of 20%.

2. Double the cage size by opening suitable popholes in alternate side partitions
in 50 x 50 cm cages to accommodate nine hens — a reduction of 10% (Elson,
2001). The disadvantage of this method is that the larger colony size is more dif-
ficult to manage and introduces a greater risk of cannibalism and egg quality prob-
lems.

3. Deepen the cages sufficiently to retain five hens per cage. In most 50 x 50 cm
cages this can be achieved by fitting specially designed bowed-out replacement
cage fronts, which are available to fit most modern cage types (Elson, 2002a). This
is the most popular approach in the UK, since it maintains the current colony size,
performance and house temperature. As with other cage modifications, the fitting
of bowed-out fronts requires careful subsequent observation and management to
ensure that bird welfare is not put at risk.

Suitable Claw Shorteners

It has long been known that, when feeding in cages, birds usually stand with one
foot on the floor and the other on the deflection plate or the back of the feed
trough. This is presumably part of their foraging behaviour that involves pecking
and scratching at or near feed. It is also known that hens’ claws overgrow in cages
because they do not have access to the abrasive materials that are available in
some more natural surroundings. This can result in trapped and/or broken claws.
Work in Sweden, where claw shorteners (CS) have been compulsory in laying
cages for several years, and subsequently in the UK, showed that the application
of a narrow abrasive strip about one-third of the way down the deflection plate
from the back of the feed trough effectively shortens and blunts the claws on the
three forward-facing toes (Tauson, 1986; Elson, 1990). CS of various types, e.g.
abrasive paste, ceramic strip, coined steel plate, tungsten carbide coated plate,
small holes punched in steel plate, emery cloth and abrasive tape, are now avail-
able from several manufacturers (Elson, 2002b); they should be effective, durable,
kind and economic. A recently completed monitoring exercise involving all the
above types indicated that, if correctly fitted, most can be effective and suitable
(Elson, 2002b, 2003). Some CS are more durable than others so this exercise will
continue in order to test their effectiveness during a second laying cycle.

Facilities for Inspection and Removal of Hens

Laying cages may be arranged in various configurations within a battery from flat-
deck (single-tier) through stepped and semi-stepped layouts to vertically stacked
arrangements, usually with cages mounted back to back from three to nine tiers
high. The Annex to EU Directive 99/74/EC (EU, 1999) requires that ‘accommo-
dation comprising two or more tiers must have devices or appropriate measures
must be taken to allow inspection of all tiers without difficulty and facilitate the
removal of hens’. Whilst various items of equipment such as trolleys, steps and rails
have been used to this end, they can be unsatisfactory. A fixed catwalk or gangway
halfway up a six-tier block of cages, for example, making them effectively two sets
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of three-tier cages one above the other, is much more satisfactory. This arrange-
ment, with an appropriate aisle width, could also allow transport containers to be
taken to the cages, thus simplifying housing and depopulation of hens and reduc-
ing handling damage.

ENRICHED LAYING CAGES

Due to welfare concerns over the barren nature of conventional cages in which
some natural behaviours are prevented or modified, efforts have been made to
provide perches, nestboxes, dust baths and/or littered scratching areas, claw short-
eners and more space in laying cages. Such efforts led to studies of get-away cages
(Elson, 1976; Wegner, 1990; Rauch, 1993), terraces (Elson, 1989; van Niekerk
and Reuvekamp, 1995) and modified enriched cages (Appleby, 1993; Elson,
1993; Abrahamsson et al., 1995; van Niekerk and Reuvekamp, 1995). In
research circles the latter are generally described as furnished cages because this is
an objective definition (Abrahamsson, 1996). In legislation they are described as
enriched cages (EU Directive, 1999; WOFAR, 2002).

Enriched cages have been, and are currently being, studied at research centres
in several EU member States. Although the original concept was British, it was
rapidly taken up in Sweden where Research & Development and monitoring
phases under the auspices of the Swedish Board of Agriculture have resulted in
four cage models being approved for commercial use (Tauson and Holm, 2001).
By March 2002 10-15% of the national laying flock in Sweden were housed in
enriched cages on 40 farms (Tauson et al., 2002); since then the proportion has
increased considerably and by the end of 2003 all caged hens in Sweden will be
in enriched cages. The approved Swedish enriched cages are all for small colonies
of about eight to ten hens and most have side nestboxes.

In other countries enriched cages are still at the development stage (Fiks van
Niekerk et al., 2002). There are no large-scale commercial installations in the UK
yet (although at least one is planned) but some commercial-scale testing is ongoing
(Walker et al., 2003). Meanwhile, all installations of enriched cages in the EU must
now meet the criteria required by EU Directive 99/74/EC (EU, 1999), and in
England by WOFAR, 2002. These include a minimum area of 750 cm? per hen,
at least 600 cm? of which will need to have a minimum height of 45 cm. The
remainder, which will probably form a nestbox with possibly a scratching area
above, will have to be at least 20 cm high. Hens must have a nest, litter so that
pecking and scratching are possible, appropriate perches allowing at least 15 cm
per hen, at least 12 cm length of feed trough per hen, an appropriate drinking
system (if nipple or cup drinkers are used at least two must be within reach of each
hen) and a suitable CS. To facilitate inspection, installation and depopulation of
hens, there must be a minimum aisle width of 90 cm and a space of at least 35 cm
between the floor of the building and the bottom tier of cages.

As the design and technology associated with enriched cages evolves, so
research and experience must advance in order to maintain its relevance to the
industry and policy makers. A significant development in enriched cage operating
practice at present is the use of larger colonies. From experience gained from a
German trial, it seems possible that colonies of up to 60 hens in certain designs
may be feasible and easier to manage. However, this approach needs further study
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and has therefore been included in a current UK farm trial on various designs of
enriched cage. In the UK and Sweden most research to date has been conducted
with colony sizes between six and ten hens; there is evidence that in these pro-
ductivity and welfare is as good as, or better than, that of hens in conventional
cages (Appleby et al., 2002; Drakley et al., 2002).

In a recent flock in furnished cages at ADAS Gleadthorpe, UK, an assessment
was made of the effect of stocking density and minimum cage height on bird
welfare and performance. In beak-trimmed hens there were no major differences
in performance or welfare as indicated by production, behavioural or physiological
indicators. As reported by Drakley et al. (2002), there was no significant effect of
cage height on rate of lay but there were significant effects of stocking density on
feed intake and rate of lay (possibly related). This study is currently being repeated
with two hybrids with intact beaks. Stocking densities ranged from about 600 to
about 1000 cm? per hen. The results will be used by the UK Department of
Environment, Food and Rural Affairs (DEFRA) to inform the review of EU
Directive 99/74/EC (EU, 1999), which is due to be completed by the end of
2004, to enable the Commission to report to the Council of Ministers by 1
January 2005, as required.

ALTERNATIVE SYSTEMS OF EGG PRODUCTION

The term ‘alternative systems’ is used in EU Directive 99/74/EC (EU, 1999), to
describe all systems other than laying cages. WOFAR, 2002, which implements
the Directive in England, uses the term ‘non-cage systems’ to describe them.
Several ‘alternative’ systems were in use before the cage system was developed;
these mostly comprised the less intensive ones. Some other more intensive
systems have been developed over the past 25 years or so, e.g. aviaries and
percheries, now often grouped together as barn systems.

It should be noted that all alternative systems are required to provide the birds
with nests, litter and perches as well as appropriate feeders and drinkers. A
summary of the requirements of EU Directive 99/74/EC (EU, 1999), which apply
to new installations and existing ones in due course is:

® at least 10 cm per hen for linear feeders or 4 cm per hen for circular ones;
® 2.5 cm per hen for continuous drinking troughs or 1 cm per hen for circular
ones, or at least one cup or nipple drinker for every ten hens;
e at least one nest for every seven hens or at least 1 m? of group nest space for a
maximum of 120 hens;
@ at least 15 cm per hen of adequate perches without sharp edges;
e at least 250 cm? of littered area per hen, the litter occupying at least one-third
of the ground surface;
e stocking density must not exceed 9 hens/m? of usable area;
e floors constructed to adequately support each of the hens’ forward-facing claws;
® where hens can move freely between different levels:
- there shall be no more than four levels
- the headroom between the levels must be at least 45 cm
- droppings must not fall on the levels below
- drinking and feeding facilities must provide equal access for all hens.
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In the UK, additional welfare standards apply to a large number of egg producers
who are in accredited certification schemes, e.g. Freedom Food Ltd (RSPCA,
2002) and the Lion Quality Code of Practice (BEIC, 2002).

An up-to-date description of various alternative egg production systems follows,
together with relevant information on stocking density and some management and
design considerations. Most of these systems have been illustrated by Elson (1995).

Indoor Systems

Such systems may have one floor, or several levels. McBride (1970) suggested that
‘it should be possible to design houses which have many tiers of lattice floors’. A
few years later such systems were proposed and tested in several countries. They
included aviaries and percheries. Systems in current use include:

® aviaries of various types;

® percheries with a variety of layouts;

® covered straw-yards which are in use on a few general farms;

@ deep litter, usually with a raised perforated floor incorporating perches.

Aviaries

In the late 1970s aviaries were developed from the get-away cage when Elson
(1989) and colleagues in the UK designed a system which enabled hens to make
better use of the volume of the building than is possible with deep litter. Several
tiers of perforated platforms were built into the system, interconnected by ladders
with each other and the littered floor. The platforms were constructed of wire or
plastic mesh, or wooden slats; feed, water and nestboxes were provided at all
levels. Stocking density varied from about 15 to 20 birds/m? of the ground floor
area, depending on the number of tiers of platforms provided.

Detailed studies in The Netherlands during the 1980s led to the development
of a type of aviary called the tiered wire floor (TWF) system for laying hens
(Ehlhardt et al., 1989; Blokhuis and Metz, 1995). In this system the birds had
access to a littered floor from three tiers of wire platforms. Feed was available on
the two lower platforms and water on all three. Perches were mounted over the
top platform. Manure belts ran under the wire platforms to allow the manure to be
removed. Tiered nestboxes were provided between the platforms. Thus the hens
had access to scratching, feeding, drinking, nesting and resting areas. Stocking
density was about 20 birds/m?.

Soon afterwards several types of aviary were also developed in other countries
especially Germany (Wegner, 1986; Rauch, 1991), The Netherlands (Ehlhardt et
al., 1989; van Niekerk and Ehlhardt, 1995), Switzerland (Oester, 1986) and
Sweden (Hultgren, 1989; Tauson et al., 1992; Abrahamsson and Tauson, 1995;
Gunnarsson et al., 1995). In many of these versions, manure belts or scrapers
have been installed under the perforated platforms, so that birds living in the lower
areas are clean, and a better environment can be maintained in the building by
regular manure removal.

These principles have recently been incorporated into a new approach, the
portal aviary (see Fig. 9.2). This improved design was developed in The
Netherlands and is now in commercial use in several European countries. The
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Fig. 9.2. Multi-tier portal aviary for laying hens.

whole of the house floor is littered, and fairly narrow stepped perforated platforms
on each side lead up to a wide main overhead perforated platform under which
operators can walk (see Fig. 9.2). All platforms have manure belts under them to
remove droppings and prevent them falling on to lower levels. Operators can also
walk on the upper platform to which access is gained by steps at the end of the
house. This innovative design provides a good environment and allows hens ready
access to all areas of activity. The system meets the requirements of the Directive
at up to about 18 hens/m? of house floor area; stocking density on the usable
area, including all platforms, is under 9 hens/m?.

Percheries

The perchery system was conceived in Scotland in the 1980s (Michie and Wilson,
1984) and studied also in Germany (Rauch, 1991). It consisted of several tiers of
perches mounted on an A frame and had narrow slatted platforms at the top with
feeders and drinkers at most levels. Litter was provided at floor level and the system
was stocked at 17 hens/m?. Subsequently the Gleadthorpe perchery was devel-
oped and tested in England (Alvey, 1989). In this version, slatted platforms were
eliminated, and care was taken to arrange perches to give easy access to nestboxes
at all levels and to minimize manurial contamination of birds at lower levels. Feed
and water were provided at all levels, and litter on the ground floor level only. It
was stocked at up to 20 hens/m?2.

Multi-level percheries are not easy to manage, tend to have some hens con-
taminated with droppings at lower levels and often have a high proportion of hens
with broken bones (Gregory et al., 1991). The latter may be ameliorated to some
extent by ensuring that the perches are not too far apart and that hens do not jump
at too steep an angle (Scott et al., 1997). However, it is very difficult to design
multi-level percheries to prevent droppings falling on hens below.

The most successful perchery/barn system, which is easy to manage and is
now in widespread use in the UK, is the single-level, part-litter (usually about one-
third), part-raised perforated floor (usually about two-thirds with a manure collec-
tion pit under it). The perches are incorporated into the perforated floor, which has
been accepted by most authorities as meeting perch requirements. This system is
easier to manage than multi-level percheries and there is no problem with manure
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falling from one level to another. It seems to fit the demands of the EU Directive
well but is not necessarily immune from broken bone problems (especially keel
bones). It has traditionally been stocked at just under 12 hens/m?, but this has
been reduced to 9 hens/m? in houses on new establishments and for all houses
with this system from 2012.

Deep litter

The traditional deep-litter system was a single level with litter over most of the floor
surface. It allowed a moderate stocking density of about 7 birds/m?2, which made
litter management difficult in winter and house temperature difficult to maintain in
cold weather. Where perches were used they were generally mounted on frames
frequently moved about over the litter to spread the manure. Nestboxes could be
along the side walls but this tended to encourage floor eggs to be laid under them;
they were generally better sited back-to-back in the centre of the house, preferably
over a raised platform. The traditional deep-litter system cannot meet the require-
ments of the EU Directive (i.e. perches cannot be mounted over litter) so it will be
banned in the future; no new installations can now be made and existing ones
cannot be used after 2006. However, deep litter in combination with raised per-
forated platforms (in or over which perches are provided) remains acceptable and
is generally described as a perchery/barn system.

Outdoor Systems

Free-range systems provide hens with access outside and include fixed houses with
outdoor pens for ranging and foraging, small houses frequently moved over the
land providing sleeping accommodation, shelter and nestboxes, and carefully con-
structed fully furnished mobile houses that can be occasionally moved. Pasture
management is important to control parasitic infestation, and shelter and shade
should be provided outside to encourage hens to range. Fencing should be sound,
and preferably electrified, to provide protection against predators. Housing for
free-range systems can include any of those described above except conventional
and enriched cages.

DESIGN AND MANAGEMENT OF ALTERNATIVE SYSTEMS TO CAGES

Design and management are interactive, and excellence in both is required to
achieve economic performance and good welfare. Layout of equipment within
pens is important, especially where high densities occur, and researchers and
designers have been able to improve access to furniture by careful layout and
design. Water is best provided over raised platforms, where installed, rather than
over litter, especially where manure is regularly removed by conveyors. Perforated
platforms can be kept clean, especially if suitable materials (e.g. plastic mesh) are
used.

The material and design of nestboxes have important influences on the degree
of use by birds and consequently the proportion of floor (and dirty and broken)
eggs. Nestboxes are best closed at night to keep them clean by preventing hens
from sleeping there. Rearing in a non-cage system, preferably with access
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to raised perches, and early removal of eggs laid on the floor, are also important
management factors.

Litter management can be difficult. In hot dry conditions, dust can be a
problem and dust levels are generally much higher than in cages. In cold humid
conditions it is difficult to avoid wet sticky litter developing with areas of hard
‘capping’ especially with low stocking densities, poor insulation or ventilation or a
combination of these factors. High ammonia emissions can also be a problem. A
good depth of a suitable absorbent material, e.g. wood shavings or chopped straw,
is required. If possible it is best to ensure the litter is actively biodegrading faecal
matter and is dry and friable before cold humid weather occurs and a scattering of
grain on the litter will encourage the hens to move and mix it. If ‘caking’ occurs it
may become necessary to turn the litter and remove wet or ‘caked’ patches.

External parasites, especially red mite, are often a problem in non-cage
systems. Thorough cleaning and disinfestation procedures are recommended after
depopulation with a chemical that achieves effective eradication of the parasites.
Particular attention should be paid to small cracks and crevices, e.g. small gaps
between timbers or plastic materials that can harbour the mites or their eggs while
the house is depopulated; otherwise mites will re-emerge as soon as the new flock
is housed. Care should be taken to ensure that infested birds do not arrive from the
rearing farm. If infestations occur during the laying period, areas that harbour mites
must be treated with suitable material; this is best done in the evening when mites
move into more open spaces, since they migrate on to the birds to feed at night.

Another problem that frequently occurs in alternative systems is feather and
injurious pecking, which frequently leads to cannibalism and mortality. The main
methods of control are the avoidance of high or uneven light intensity and beak
trimming. The latter can be painful at and following the time of the operation. The
operation must be done at a young age (under 10 days). Authorities in several
countries have either banned beak trimming or are planning to do so. In the UK
this will take place at the end of 2010. It will make alternative systems to cages
very difficult to manage and suffering and mortality levels will almost certainly
increase unless satisfactory alternative methods of controlling cannibalism can be
found.

WELFARE OF HENS IN VARIOUS SYSTEMS

Hens in non-cage systems generally have more space and greater freedom than
hens in laying cages. This is often considered a welfare benefit. However, various
risks that may reduce welfare, which are lower or absent in cages, do occur in alter-
native systems. The greatest is probably that of injurious pecking leading to body
wounds, cannibalism and, sometimes, severe mortality. Currently pullet chicks des-
tined for alternative systems have to suffer partial beak amputation.

In the UK, the Farm Animal Welfare Council (FAWC) believes that animal
welfare should be considered with reference to its ‘Five Freedoms’ (FAWC, 1997).
These were used to assess bird welfare, and to make recommendations for
improvements in various aspects of egg production systems and their management
in FAWC'’s report on the welfare of laying hens (FAWC, 1997). FAWC also carried
out a welfare assessment of the pros and cons of conventional laying cages.
Numerically the advantages exceeded the disadvantages by seven to five.
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It has been claimed that cages cannot meet one of the five freedoms, i.e.
freedom to express normal behaviour. However, three of the other five freedoms
are compromised to varying degrees in alternative systems, i.e. freedom from dis-
comfort, freedom from pain, injury and disease, and freedom from fear and dis-
tress. Thus, on balance, alternative systems seem unlikely to satisfy the five
freedoms any better than cages. Therefore, banning cages might not be expected
to give an overall improvement in bird welfare. A good case can be made for study-
ing and analysing various systems of egg production in terms of how well they
meet, or could be adjusted to meet, the five freedoms. This could help policy
makers to reach better decisions when formulating directives and regulations.
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CHAPTER 10
Stress and the welfare of laying hens

J.P. Thaxton

Department of Poultry Science, Mississippi State University, MS 39762,
USA

ABSTRACT

Stress occurs when an animal experiences any situation that alters normal body func-
tions. Thus, when a situation endangers the health and well-being of an animal, the
animal may experience distress. Distress, according to the United States Department of
Agriculture (USDA, 2000), is ‘a state in which an animal cannot escape from or adapt
to external stressors or conditions it experiences, resulting in negative effects on its well-
being’. It is clear that stress and animal welfare should not be examined separately.
There have been numerous reviews of stress and welfare in domestic fowl, espe-
cially juvenile birds, as separate subjects (Frankel, 1970; Freeman, 1971, 1976, 1985;
Siegel, 1971, 1980, 1985, 1995; Maxwell, 1993; Jones, 1996; Downing and
Bryden, 1999). However, stress and welfare have not been considered collectively.
Welfare has been studied primarily using behavioural models, while stress studies have
used physiological parameters. In order to properly review these subjects in combina-
tion, there must be a method for establishing a connection between the two types of
research. The work of Puvadolpirod and Thaxton (2000a,b,c,d) and Thaxton and
Puvadolpirod (2000) describing a model of stress in broilers will be used to establish this
connection when and where appropriate. Therefore, the purpose of this chapter is to
review pertinent research literature that describes stress and distress in laying hens.

STRESS AND DISTRESS RESPONSES

Stress and distress responses in laying hens can be assigned to five categories.
These are: morphology, endocrine and blood metabolites, digestion and metabo-
lism, immunity, and reproduction. Stress and distress responses caused by envi-
ronmental, management and behavioural factors will be discussed and categorized
into these five categories.

Morphological Changes

Body weight has been monitored as a response of hens to exposures to elevated
temperatures. Results are not consistent. In two separate studies, hens acclimatized
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to thermoneutral conditions (15-26°C) were moved to a heated environment.
During the first few weeks after the move, no changes in body weight occurred
(Hester et al., 1996a; Scheideler et al., 2001). However, in other studies, loss in
body weight occurred over the next several months in hens reared in hot climatic
conditions (Zulovich and DeShazer, 1987; Samara et al., 1996; Abdel-Rahman,
2000; Garces et al., 2001). Hens maintained in a thermoneutral environment and
exposed to daily cycles of 15.6-35°C did not experience a change in body weight
over an 8-week period (Deaton et al., 1981a,b). Lighting schedule effects on body
weight were also observed in hens maintained in a heated environment. Their body
weight increased when exposed to darkness daily for 2 h, compared with sister
hens maintained on a conventional lighting schedule (Sahin and Kucuk, 2001;
Ertas and Sahin, 2002).

General body condition, including body weight and appearance, was improved
in hens moved from conventional cages to a furnished caging system. Such a
system provided scratch poles, perches, dust baths and rollaway nests, all of which
have been shown to be necessary to ensure the welfare of laying hens (Appleby,
1998; Maria et al., 2001; Appleby et al., 2002). Hen density (i.e. number of hens
per unit of floor space) also influences body weight in laying hens. Specifically, as
hen density was increased, body weight generally decreased (Iscan et al., 1998).

Livability of laying hens is influenced by environment. Exposure to both hot
and cold extremes resulted in a higher mortality rate (Uneo and Komiyama, 1987).
Additionally, in hens acclimatized to thermoneutral temperatures, short episodes
of heat or cold increased mortality (Uneo and Komiyama, 1987; Hester et al.,
1996a; Sahin and Kucuk, 2001; Ertas and Sahin, 2002). Livability of hens in floor
pens compared to those in cages or in free-range environments is a debatable
issue. Adams and Craig (1985) reviewed literature from 1971 to 1983 and con-
cluded that caged hens exhibited greater levels of mortality than hens on floor con-
ditions. Craig et al. (1986) showed that hens at high density in cages experienced
greater mortality than hens on the floor and those at moderate and low cage den-
sities. Moinard et al. (1998) agreed with this conclusion; however, Muir (1996) and
Abrahamsson and Tauson (1997, 1998) reported that hen density did not affect
the mortality rate of hens. Mou and Katle (1990) found no difference in mortality
in hens on the floor versus hens in cages. Hafez et al. (2001) studied livability of
free-ranging hens and those in a perchery. They reported that total mortality of
free-ranging hens after 1 year was 16%, whereas it was 5.5% for hens in a
perchery. Engstrom et al. (1993) showed that cannibalism was the major cause of
mortality in floor-reared hens.

Cage design appears to play a major role in the mortality of hens in cages.
Anderson and Adams (1991) reported that cage front type (vertical versus hori-
zontal) did not affect mortality levels in hens. Moinard et al. (1998) showed that
hens in tall cages experienced more mortality than hens in low cages. Furnished
cage systems, compared with conventional cage systems, are reported to decrease
or not affect mortality rates (Abrahamsson and Tauson, 1997, 1998; Maria et al.,
2001). However, Abrahamsson et al. (1996) reported that when a furnished
system was fitted with getaway cages, mortality rate was greater than that in a fur-
nished system without getaway cages. These authors concluded that increased can-
nibalism was the major cause of death in the getaway system. Several reports
suggest that beak-trimming reduced cannibalism (Craig and Lee, 1989, 1990; Lee
and Craig, 1991; Cunningham, 1992; Craig and Muir, 1996; Bell et al., 1998).
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Various stressors are known to cause changes in several internal organs of
laying hens. Hypertrophy of the adrenal glands occurred when White Leghorn
hens were maintained at high density in floor pens (Siegel, 1959). Keutgen et al.
(1999) demonstrated that acute heating episodes caused hypertrophy of liver.
They diagnosed the condition as fatty liver syndrome. Abdel-Rahman (2000) found
that hens maintained in a high-temperature environment experienced decreased
weight of liver, heart and ovary as time in lay increased.

Skeletal integrity, influenced by stress in laying hens, has been studied exten-
sively. The initial report showed that when caged hens were given daily access to
floor pens, wing breakage terminated (Meyer and Sunde, 1974). Then, in 1986,
conflicting results were presented by Harms and Arafa (1986). Several reports
demonstrate that hens maintained in floor pens possess stronger bones than hens
in cages (Taylor and Hurnik, 1994; Newman and Leeson, 1998; Leyendecker et
al., 2002). However, bone ash and bone calcium concentrations did not differ
between hens maintained in cages and those on the floor (Chepete and Xin,
1999). Additionally, hens in a furnished cage system exhibited better bone integrity
than hens in conventional cages (Wilson et al., 1972; Hughes and Appleby, 1989;
Knowles and Broom, 1990; Engstrom et al., 1993; Tauson and Abrahamsson,
1996; Abrahamsson and Tauson, 1997, 1998). Also, Moinard et al. (1998)
reported that hens in tall cages possessed stronger bones than hens in shorter
cages.

The feet of hens reared in cages, compared to those on the floor, always
showed abnormalities. Primary among these are increased claw length (Appleby et
al., 1993; Taylor and Hurnik, 1994; Abrahamsson and Tauson, 1997) and toe
hyperkeratosis (Engstrom et al., 1993; Abrahamsson and Tauson, 1997, 1998).
Alvey and Tucker (1994) reported that cage floors constructed of a finer mesh wire
reduced the incidence of toe hyperkeratosis.

The keels of hens in cages were more often damaged than the keels of floor-
reared hens (Appleby et al., 1993; Abrahamsson and Tauson, 1997). Several
reports showed that the incidence of all body injuries was reduced when hens were
maintained in furnished cages (Abrahamsson and Tauson, 1997; Moinard et al.,
1998; Appleby et al., 2002; Cloutier and Newberry, 2002).

Plumage condition is affected by housing conditions. The literature is clear that
hens maintained in floor pens have less feather damage than hens maintained in
cages (Craig et al., 1986; Taylor and Hurnik, 1994; Huber-Eicher and Sebo,
2001; McAdie and Keeling, 2002). Additionally, it has been demonstrated that the
greater the density of hens in cages, the greater the degree of feather damage
(Craig et al., 1986; Appleby et al., 1993, 2002; Taylor and Hurnik, 1994). Hens
in furnished cages are reported to possess better feather quality than hens in con-
ventional caging systems (Appleby et al., 1993; Engstrom et al., 1993; Tauson
and Abrahamsson, 1996; El-Lethey et al., 2000; Maria et al., 2001). Tauson and
Abrahamsson (1996) and El-Lethey et al. (2000) concluded that hens with perfect
plumage were generally less stressed than hens with damaged feathers. Hens with
elevated feed troughs were shown to have better plumage than sister hens eating
out of conventional troughs (Freire et al., 1999). Finally, Moinard et al. (1998)
studied cage height and concluded that height did not affect the plumage of laying
hens.
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Endocrine and Blood Metabolite Changes

Plasma corticosterone (CS), the putative stress hormone of fowl, has been studied
in laying hens subjected to various stressors. Results are less than conclusive that
blood CS is a stress response of laying hens. Craig et al. (1986) stated, ‘Not only
may corticoids fail to indicate the presence of stressful situations, but they also may
be misleading by indicating that stressful conditions prevail when they do not’. The
research literature bears out this concern.

Perek and Eckstein (1959) showed that adrenal ascorbic acid levels were
decreased in laying hens that received exogenous adrenocorticotropin (ACTH).
This is indirect evidence that CS is a stress response of laying hens. Wolford and
Ringer (1962) reported that ACTH, cold and handling caused adrenal cholesterol
depletion. This too is indirect evidence that CS is a stress response of laying hens.
Downing and Bryden (1999) demonstrated that acute episodes of heat caused
increased plasma CS, and Hester et al. (1996b) demonstrated that acute episodes
of cold, but not heat, elevated CS.

Several reports, however, suggest that caged hens maintain levels of plasma
CS that do not differ from CS levels in floor-reared hens (Koelebeck and Cain,
1984). Others have reported higher CS levels in floor-reared hens than in caged
hens (Edens et al., 1982; Craig and Craig, 1985; Craig et al., 1986). Mashaly et
al. (1984) and Craig et al. (1986) showed that stocking density had a significant
influence on CS levels. Conversely, Davis et al. (2000) showed that increasing hen
density in cages did not cause elevations in blood CS, triiodothyronine and
tetraiodothyronine. Litten and Cockrem (2001) and Downing and Bryden (1999)
showed that handling the hens elevated plasma CS within 15 min, but that CS
level returned to baseline within 12 h. Beuving et al. (1989) demonstrated that
plasma CS increased in response to fear caused by tonic immobility. Fitko et al.
(1993) confirmed this report and recorded transient increases in both plasma CS
and adrenaline. Chen et al. (2002) showed that intermingling strange hens with
resident hens resulted in elevated plasma CS and dopamine levels. Finally,
Compton et al. (1980) declawed hens and found no effects on blood levels of CS,
progesterone or estradiol.

Gross and Siegel (1983) proposed that elevation in circulating numbers of
heterophils (H) concomitant with decreased circulating numbers of lymphocytes
(L), i.e. increased H:L ratio, is the best indicator of stress in fowl. There is little
doubt that in laying hens this proposal is correct.

Wolford and Ringer (1962) showed that hens given ACTH experienced an
increase in H:L ratio. Exposures of hens to heat or cold (Wolford and Ringer,
1962; Hester et al., 1996c¢; Campo and Davila, 2002), fear induced by handling
or tonic immobility (Wolford and Ringer, 1962; Beuving et al., 1989; Fitko et al.,
1993), poor litter conditions (El-Lethey et al., 2000) and partitions on the ends of
cages versus open-ended cages (Elston et al., 2000a,b) all elevated the H:L ratio.
Hester et al. (1996c¢) showed that increased density of hens in cages resulted in an
increased H:L ratio; however, Davis et al. (2000) reported conflicting results.
Finally, Garcia-Davila and Campo (2001) found that light regimes of 24, 14 and
18.5 h/day did not affect the H:L ratios of hens.

Several blood metabolites in laying hens are affected by stress. Blood Ca2* levels
are decreased when hens are subjected to heated conditions (Sahota et al., 1993;
Mahmoud et al., 1996; Abdel-Rahman, 2000). Additionally, Mahmoud et al.
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(1996) showed that heat reduced the transport of Ca2* from the duodenum into
the bloodstream. When hens were reared in heated conditions and subjected to
feed withdrawal and periods of darkness, increases in pH, pCO, and pHCO; were
recorded (Ertas and Sahin, 2002). Heated hens experienced increased blood con-
centrations of glucose, blood urea nitrogen, uric acid, albumin, triglycerides, cho-
lesterol, Ca2*, P*, Na*, K*, alkaline phosphatase and amylase, although
concentrations of glutamic oxaloacetic transaminase and pyruvic transaminase did
not increase (Sahin and Kucuk, 2001). Heated hens also experienced decreased
levels of circulating haemoglobin (Abdel-Rahman, 2000).

Digestive and Metabolic Changes

The major digestive and metabolic parameters of feed intake and feed efficiency
have been studied in laying hens subjected to stressful situations. When hens accli-
matized within the thermoneutral zone were moved to heated conditions, they
experienced decreased feed intake and feed efficiency (Warren and Schnepel,
1940; Miller and Sunde, 1975; de Andrade et al., 1977; Sykes and Fataftah,
1986; Njoku and Nwazota, 1989; Pierre, 1989; Otten et al., 1989; Samara et
al., 1996; Balnave and Muheereza, 1998; Garces et al., 2001; Najibid and Al-
Yousef, 2001; Scheideler et al., 2001; Ertas and Sahin, 2002). However, Deaton
et al. (1981a,b) showed that hens exposed to a cyclic temperature regime
(15.6-35°C) for 8 weeks did not differ in feed intake or feed efficiency from hens
maintained at 21°C. Additionally, hens reared in a hot climate that were given a
daily period of darkness exhibited better feed intake and digestibility than heated
controls maintained on a continuous lighting scheme (Ertas and Sahin, 2002).

The role of hen density on feed consumption and efficiency is not clear.
Increased density was shown to decrease feed consumption (Lee and Craig, 1991)
and to decrease feed efficiency (Roush et al., 1984). However, others have shown
that density had no effects on feed consumption and efficiency (Brake and Peebles,
1992; Iscan et al., 1998).

Hens maintained in cages exhibited decreased feed consumption compared
with floor-reared hens (Suto et al., 1994). Hens in furnished cage systems con-
sumed more feed than hens in conventional cages (Appleby et al., 2002).
However, another report showed that hens in furnished cages had a feed efficiency
similar to hens in conventional cages (Tauson and Abrahamsson, 1996).

Aspects of cage design including area, configuration of feeders, shape and
angles of fronts, and floor construction are known to affect both feed consumption
and efficiency (Anderson and Adams, 1991; Dun et al., 1991; Sherwin et al.,
1993; Tanaka et al., 1993; Barnett et al., 1997; Appleby, 1998; Appleby et al.,
2002). Additionally, a getaway cage system did not seem to affect feed consump-
tion of hens when compared to hens in conventional cages (Rauch and Sherwin,
1994).

Immune System Changes

A limited amount of research has been published on the effects of stressors on the
immune system of laying hens. Hester et al. (1996¢) showed that when hens
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reared in a thermoneutral environment were exposed to acute heating or cold
episodes they experienced immunosuppression, indicated by reduced circulating
levels of anti-sheep erythrocyte antibodies. Puthpongsiriporn et al. (2001) sub-
jected acclimatized hens to heating episodes and found that lymphocyte prolifera-
tion responses in vitro to the mitogen concanavalin A and a lipopolysaccharide
fraction from Salmonella typhimurium were suppressed. Erhard et al. (2000)
studied humoral immune responsiveness in hens reared in floor pens and cages.
Antibody titres to human IgG were lowest in floor-reared hens. Additionally, these
researchers assessed maternal immunity in the hens by determining total IgY levels
in egg yolks. Yolks from floor-reared hens contained less IgY than yolks from
caged hens. Circulating antibody levels to both sheep erythrocytes and tetanus
toxoid antigens were elevated in hens in floor pens with straw litter compared with
hens without straw (El-Lethey et al., 2000).

Schaar (1996) surveyed laying hens in Germany for incidence of Salmonella
enteriditis. Faecal samples on a flock basis were collected and cultured
for S. enteriditis. Results show that 47.5% of flocks of floor-reared hens possessed
S. enteriditis, while 35% of caged flocks harboured this bacterium.

Reproductive Changes

The role of stress on reproduction in hens has been studied extensively.
Reproduction is not universally accepted as a valid indicator of either stress status
or the general welfare of hens. However, various reproductive functions are
affected by climate, management and behavioural factors known to cause both
stress and distress changes in hens.

Hens exposed to heated environments experience several reproductive
effects. Several reports show that both acute and chronic heating episodes
decreased hen-day egg production (HDP) (Pierre, 1989; Sahota et al., 1993;
Hester et al., 1996a; Samara et al., 1996; Kita et al., 1997; Scheideler et al.,
2001). Conversely, several other reports show that heating episodes had no effect
on HDP (Selmi and Horst, 1983, 1984; Abdel-Rahman, 2000; Ertas and Sahin,
2002). Hester et al. (1996a) demonstrated that exposure to cold also decreased
HDP. Heat decreased egg weight (Selmi and Horst, 1983, 1984; Pierre, 1989;
Samara et al., 1996), specific gravity (Pierre, 1989; Samara et al., 1996; Ertas
and Sahin, 2002) and several eggshell parameters, including weight (Kita et al.,
1997; Sahin and Kucuk, 2001), strength (Kita et al., 1997) and thickness (Sahota
et al., 1993; Samara et al., 1996; Ertas and Sahin, 2002). Heating episodes did
not affect the period of time from one ovulation to the next, nor time from one
oviposition to the next (Samara et al., 1996).

Crowding is known to affect egg production. Pearl and Surface (1904) were the
first to report that crowding of floor-reared hens decreased HDP. Siegel (1959) con-
firmed this finding and described crowding as the first stressor identified in laying
hens. Many reports indicate that crowding hens in cages affects HDP (Marks et al.,
1970; Dorminey and Arscott, 1971; Bell, 1972; Hill and Binns, 1973; Hill, 1977;
Robinson, 1979; Martin and Carter, 1980; Martin et al., 1980; Muir et al., 1980;
Cunningham, 1981, 1982a,b; Cunningham and Ostrander, 1981; Carey, 1982;
Ouart and Adams, 1982; Adams, 1983; Fairfull et al., 1983; Adams and Craig,
1985; Anderson and Adams, 1991; Vanskike and Adams, 1993; Bell et al., 1998).
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Generally, the HDP of hens in furnished cage systems is reported not to differ
from that of hens in conventional cages (Appleby et al., 1993; Tauson and
Abrahamsson, 1996; Abrahamsson and Tauson, 1997, 1998; Maria et al., 2001,
Appleby et al., 2002). However, hens in furnished cages are reported to lay more
abnormal eggs (Tauson and Abrahamsson, 1996; Appleby et al., 2002), produce
increased numbers of cracked eggs (Appleby et al., 1993; Abrahamsson et al.,
1996; Abrahamsson and Tauson, 1997, 1998), with decreased shell strength
(Leyendecker et al., 2002), and fewer dirty eggs (Appleby et al., 1993;
Abrahamsson and Tauson, 1997, 1998). Additionally, Wall and Tauson (2002)
reported that when egg-saver wires were added to furnished cages the numbers of
cracked eggs were greatly reduced.

STRESS CONTROL MEASURES

Measures to lessen stress have been aimed primarily at reducing the effects caused
by exposures to elevated temperatures. Measures to improve the welfare of hens
have primarily been alterations in the design of caging systems.

Dietary additions of vitamins A, C, E and B have been shown to reduce stress
effects in heated hens (Njoku and Nwazota, 1989; Oruwari et al., 1995;
Puthpongsiriporn et al., 2001; Scheideler et al., 2001; Campo and Davila, 2002;
Lin et al., 2002). However, dietary treatments with zinc methionine and sodium
bicarbonate did not reduce the effects of heat on egg production (Kita et al., 1997,
Balnave and Muheereza, 1998). Periods of intermittent light and daily periods of
complete darkness were shown to improve egg production in heated hens (Balnave
and Muheereza, 1998; Ertas and Sahin, 2002). It was also found that sprinkler
systems (Chepete and Xin, 1999; Ikeguchi and Xin, 2001) and water-cooled roosts
(Oftten et al., 1989; Muiruri and Harrison, 1991) reduced stress effects caused by
heat.

The systems of management for laying hens include free-range, floor pens and
various caging systems. For each of these, there is published literature suggesting
that it is best for the general welfare of laying hens. However, most of the research
literature favours the furnished cage system for general welfare of laying hens
(Appleby and Hughes, 1991, 1995; Baxter, 1994; Rauch and Sherwin, 1994;
Ekstrand and Keeling, 1995; Hoffmann and Anderson, 1996; Tauson and
Abrahamsson, 1996; Tengvall, 1996; Abrahamsson and Tauson, 1997; van der
Weghe and van der Weghe, 2000; Appleby, 2001; Duncan, 2001; Maria et al.,
2001; Appleby et al., 2002).

CONCLUSIONS

Laying hens experience both stress and distress responses when subjected to
various environmental, management and behavioural stressors. Avian research sci-
entists generally accept distress responses as an integral part of the recognition
process of an imposing stressor. However, behaviourists have described distress
responses independent of physiological stress. This chapter has attempted to
present the various stress and distress changes as adaptive responses in stressed
laying hens.
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Stress and distress changes in laying hens are generally the same as those of
broilers, with the exception of reproductive alterations. As expected, the temporal
and kinetic patterns of these responses vary between layers and broilers. The H:L
ratio is the most predictable stress and distress response in layers. Many avian
physiologists contend that this parameter is also the best stress indicator in broil-
ers. However, Thaxton and Puvadolpirod (2000) proposed a method to quantify
stress responses in chickens and reported that CS was the most sensitive stress
response in broilers.

One can argue that reproductive alterations are not physiological stress or dis-
tress responses. Alternatively, arguments that reproductive changes are a part of
physiological stress have been put forth. It is clear, however, that more research is
required to complete the physiological profile of stress and distress responses for
all ages, sexes and types of domestic fowl.
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ABSTRACT

Numerous behavioural traits vary substantially between and within breeds of poultry.
Many of these traits respond rapidly to genetic selection and show moderate to high
heritability, illustrating the potential for selective breeding to promote welfare-friendly
traits and to minimize deleterious ones. Selection criteria must fulfil certain require-
ments to achieve practical relevance: ideally the selected character must be relevant to
conditions in all housing systems and the selection process must be affordable.
Furthermore, breeding programmes intended to improve adaptability and welfare
should aim to modify the underlying motivational states which trigger the unwanted
physiological traits rather than merely minimizing their symptoms. Strain differences in
the use of various resources (e.g. nestboxes, dust baths, perches) by laying hens indi-
cate a genetic basis for the corresponding behaviours. However, selection for the use
of specific resources may have limited value because of the rapid evolution of housing
systems. On the other hand, low levels of fearfulness and stress susceptibility are clearly
desirable for domestic animals. Genetic selection of Japanese quail for long or short
tonic immobility fear reactions and for high or low adrenocortical responses to restraint
exerted non-specific, beneficial effects on fearfulness and stress susceptibility and
revealed parallel evolution of the two characters. Furthermore, following selective
breeding for high rather than low social reinstatement behaviour, which increased the
underlying sociality of the birds, the quail showed more affiliative and sexual behaviour.
However, higher levels of non-aggressive pecking and feather pecking in these birds
indicate the need for caution. More encouragingly, domestic chicks that ran a T-maze
quickly to regain social contact showed greater sociality, faster growth, accelerated
puberty and lower adrenocortical responses to an acute stressor than their slower coun-
terparts. These findings suggest that selection for reduced fearfulness and stress sus-
ceptibility, and maybe also appropriate sociality, is likely to improve adaptability and
welfare.

INTRODUCTION

In the ongoing debate about the welfare of farm animals, the most frequently iden-
tified remedial measures involve developing practical improvements to housing
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systems or increasing the animal’s ability to adapt to its environment (Faure,
1980). Sadly, they are often wrongly regarded as alternative rather than comple-
mentary strategies. Thus, whereas alternative ‘welfare-friendly’ systems are con-
sidered desirable, genetic selection for increased adaptability often raises ethical
objections, largely centred on unfounded claims that it would change the animals’
‘nature’ or transform them into brainless pieces of meat. However, behavioural
changes accompanying selection are quantitative rather than qualitative, i.e. it is
thresholds of response rather than the responses themselves that are changed
(Price, 1999). Ideally, we should integrate environmental and genetic approaches
to maximize welfare, productivity and product quality (Faure, 1980; Jones and
Hocking, 1999). In this chapter, we focus on genetic influences on various behav-
iour patterns as a prerequisite to selective breeding.

Most domesticated species share common characteristics, e.g. living in large
hierarchical groups, promiscuous mating, precocial young, low fear, and accept-
ance of diverse foods. The efficiency of selecting for an exaggeration of favourable
characters during domestication is clearly demonstrated by comparisons with wild
ancestors or feral counterparts. The most commonly reported behavioural effects
of domestication in poultry include reductions in aggression and fear (Jones, 1996;
Faure et al., 2003). Practical relevance demands that selection criteria must fulfil
at least two requirements: (i) the selected characteristic must not be specific to a
particular environment otherwise its relevance may be overtaken by the rapid evo-
lution of housing systems; and (i) the selection process must be affordable (this
depends on the complexity and cost of the behavioural tests and the heritability of
the character (see Faure, 1981)).

Numerous behavioural and physiological traits respond to genetic selection in
poultry, and many show moderate to high heritability (Faure et al., 2003). In a
broad-brush approach we consider their welfare significance. Behavioural traits
such as fearfulness (the predisposition to be easily frightened) and sociality (the
motivation to be near conspecifics) can exert profound effects on welfare (Jones,
1996; Faure and Mills, 1998; Jones and Hocking, 1999). We also pay close atten-
tion to physiological measures of stress susceptibility as well as to the birds’ moti-
vation to use particular resources. The latter aspect clearly illustrates the
complementarity of genetic and environmental approaches.

RESOURCE USE

Nests

Relatively little research has focused on the genetics of resource usage by laying
hens, and their welfare implications. Furthermore, the few studies have been
spread across various resources — nests, space, dust baths, perches, enrichment
stimuli. We discuss genetic determinism and the potential welfare consequences of
selection for expression of behaviour patterns associated with these resources.

The nest provides a place for the hen to lay its egg and perhaps incubate it.
Incubation behaviour is almost absent in modern strains. It has not been eliminated
but its threshold has increased to such an extent that its expression is rare (Faure
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et al., 2003). In the wild, a hen usually lays her egg in a sheltered place on the
ground. Apart from traditional battery cages, all systems incorporate nestboxes
that offer some shelter and seclusion during pre-laying and oviposition; these are
usually raised off the ground to facilitate egg collection and nest cleaning.
However, eggs are sometimes laid on the floor, perhaps because a human’s pre-
conception of a suitable nest site may differ from a hen’s and because the evalua-
tion of nest quality may vary across birds. Failure to use nestboxes may have no
direct welfare implications but it is an economic problem because egg collection
becomes labour-intensive and the eggs are often broken or dirty, thereby reducing
value and hatchability (Appleby et al., 1992). Early experience can influence the
hens’ use of nestboxes but there may also be a genetic component. Until the
1960s, breeding hens were provided with trap nests and floor layers were dis-
carded. However, subsequent housing in battery cages and the associated relax-
ation of selection pressure against floor laying may explain the observed increase
in floor eggs. Strain differences also imply that the use of nestboxes is under
genetic control. Behaviours expressed in the absence of a nest, such as vacuum
nest building and stereotyped pacing, may cause concern. Selective breeding could
minimize their occurrence but, since the relationships between these behaviours
and welfare is not sufficiently clear, it is difficult to identify the most beneficial selec-
tion programme (Mills et al., 1985).

Activity, Time and Space

Strain differences in activity are common (Savory and Mann, 1997), with heavy
birds being the least active. Although genetic correlations between body weight
and activity revealed the reverse relationship and heritabilities of activity were rel-
atively low (0.10-0.20: Jezierski and Bessei, 1978), the genetic control of activity
may merit further research because the increases in activity (paces, wing flaps)
from cages to percheries to Elson terraces or deep litter were associated with
increased bone strength (Knowles and Broom, 1990). However, differences in
activity between housing systems might exceed those achievable through selection.
Time budgets also vary substantially between strains, e.g. wild or feral fowl spend
longer foraging than modern laying strains (Vilarifio et al., 1996). In free-range
layers, a Leghorn cross also ventured on to the range oftener and moved greater
distances than a Rhode Island cross (von Borell et al., 2002).

Genetic differences in food intake and nutrient selection are evident, but effort has
focused either on comparisons of broiler strains or of broilers versus layers. For
example, heavy lines of broilers ate more and oftener than either lighter ones or
layers, and broilers balanced their intake of energy- and protein-rich diets, whereas
layers ate a higher proportion of proteins (Yo, 1996). However, such strain dif-
ferences have little direct relevance to welfare if the birds are provided with suffi-
cient amounts of a balanced diet.

Food
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Dust Baths

Dust bathing (DB) is a genetically fixed, invariable comfort behaviour in which hens
work dust or other loose material into the feathers, where it helps to remove oily
secretions and control parasites (Appleby et al., 1992). Since standard battery
cages do not provide the necessary substrate it was assumed that hens might
suffer, although the ‘out of sight, out of mind’ argument could also apply. In this
context, vacuum dust bathing could be variously interpreted in terms of high moti-
vation, deprivation-induced frustration, or simply a low behavioural threshold
(Appleby et al., 1992).

Divergent selection of two lines of Japanese quail showing high and low DB
(heritability of 0.28) indicated that the behaviour is under tight genetic control
(Gerken, 1991). Realized heritabilities of 0.18 and 0.38 in the high and low lines
indicated an asymmetrical response to selection. However, these quail had never
experienced dust before so the line differences may have reflected contrasting
levels of novelty-induced fear (Jones and Hocking, 1999). Regardless of the under-
pinning mechanism, plumage condition was better in high DB quail but the direc-
tion and value of any selection programme is unclear. For example, decreased
motivation for DB in the low line might reduce their need for a specialized sub-
strate but a lower threshold might mean that vacuum DB would satisfy those of the
high line. Moreover, the welfare benefits of selection are debatable, given the
apparently equivocal nature of dust-bathing motivation (Appleby et al., 1992).

Perches

Light

Perches will be incorporated into all new European housing systems for laying
hens but little attention has been paid to the role of the background genome
despite early reports of sex differences and of variation between and within strains
for perching behaviour (Faure and Jones, 1982a,b). Reports that both pen- and
cage-housed hens (Hughes and Elson, 1977; Lambe and Scott, 1998) also showed
considerable individual variation in perching should sound further cautionary notes
concerning the design of alternative systems, particularly in view of marked differ-
ences in the ability of laying hens to negotiate downward jumps from perches and
the attendant increased risk of injury (Moinard et al., 2004). Although perch pro-
vision will become mandatory in Europe (EU), this only represents 10% of the
world’s laying hen population so it is unlikely that commercial selection will be
undertaken on this character.

Light is a critical environmental variable; its many facets and the search for optimal
lighting systems are fully described elsewhere in this book (see chapters by Perry
and Prescott et al.). Therefore, we restrict comment to the fact that eight genera-
tions of selection for choices between blue and red light in quail also modified their
responses to other colour combinations (Kovach, 1978). However, the potential
of this type of genetic selection for improving welfare seems limited.
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Environmental Stimulation

Chickens’ development and welfare are profoundly affected by environmental
dynamics as well as the genome (Jones, 2002) but the importance of genotype x
environment interactions is sometimes underestimated (Jones and Hocking,
1999). Most relevant studies have used the Japanese quail. For example, the fear-
reducing effects of early environmental enrichment and regular handling were
more pronounced in quail bred for short (STI) rather than long (LTI) tonic immo-
bility fear reactions (Jones et al., 1991; Mills and Faure, 1991), suggesting that
sensitivity to early stimulation was related to differences in fearfulness. Unlike LTI
quail, STI birds did not form a conditioned aversion to coloured mildly toxic food
(Faure et al., 2003). Quail selected for high (HSR) or low (LSR) social reinstate-
ment motivation also differed in their use of conspecific cues. Birds of both lines
showed similar responses to a novel food when tested alone but HSR birds fed
sooner and ate more when they could see other quail eating this food, whereas
LSR quail were unaffected (Faure and Mills, 1998).

FEAR AND SUSCEPTIBILITY TO STRESS

Fear is a major emotion governing an animal’s life. Ideally it is adaptive but in
reality the restrictions imposed by many farming systems can interfere with the
birds’ ability to respond adaptively. For example, caged hens cannot run away
from danger. Inappropriate fear responses, such as panic, can waste energy and
cause injury, pain or death (Jones, 1996). Fearful chickens also show poorer pro-
ductivity and product quality than less fearful ones (Mills and Faure, 1990; Jones,
1996; Jones and Hocking, 1999). Fear inhibits all other behavioural states (Jones,
1996) so its elicitation compromises the bird’s ability to interact successfully with
its companions or the stockperson, to utilize new resources and to adapt to
changes in the environment. Similarly, despite their ideally adaptive role in main-
taining bodily homeostasis, the corticosteroids may counter-regulate and exert
harmful effects such as immunosuppression and decreased reproductive perform-
ance (Jones, 1996). Chronically elevated levels of corticosterone also increase
underlying fearfulness, thereby exacerbating the adrenocortical stress response and
establishing a vicious circle (Jones et al., 1988).

Although domestication has resulted in increased docility, individual and
strain differences in fear and adrenocortical activation illustrate the scope for
further genetic improvement (Jones and Hocking, 1999; Faure et al., 2003).
Selection for high ambulation in a novel arena was associated with reduced
fearfulness in domestic chicks (Faure, 1981). However, most studies used the
Japanese quail because it is a good low-cost model for the domestic fowl as well
as an important agricultural species in many countries (Faure and Mills, 1998).
Thus, quail were selected for long (LTI) or short (STI) durations of tonic immobil-
ity (TI) reactions to manual restraint (Mills and Faure, 1991) and for exaggerated
(high stress, HS) or reduced (low stress, LS) plasma corticosterone (C) responses
to mechanical immobilization (Satterlee and Johnson, 1988). Significant differ-
ences between the TI lines were apparent in the first generation and the absence
of overlap between the standard deviations from G8 onwards suggests that
they had become distinct genetic lines. Despite occasional relaxation of selection
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pressure, divergence was also maintained between the HS and LS quail (Jones and
Satterlee, 1996).

These selection programmes would have little relevance if the selected
responses were specific to the test situations. Encouragingly, though, selection
modified the quail’s responses to a wide range of intuitively frightening and other-
wise stressful events. Thus, compared with LTI and HS quail, the STI and LS birds
showed attenuated TI reactions, less behavioural inhibition, reduced avoidance of
novel objects and human beings, and accelerated emergence into exposed envi-
ronments (Jones et al., 1991, 2000; Jones and Satterlee, 1996). Thus, selection
of the STI and LS lines was accompanied by reductions in fearfulness. Elevations
in plasma C levels were lower in LS than in HS quail in response to a range of
stressful events, including manual restraint, cold, crating, social tension, and fasting
(Satterlee and Johnson, 1988; Jones et al., 2000). Fluctuating asymmetry, an
indicator of chronic stress, was also lower in LS quail, suggesting that selection for
reduced fear and distress may increase the birds’ ability to produce stable pheno-
types (Satterlee et al., 2000). Unlike LS quail, which showed no detectable effects
of repeated restraint, the HS birds showed experience-dependent sensitization
(Jones et al., 2000). This finding has far-reaching implications because chronic
elevation of plasma C can increase fearfulness and damage disease resistance
(Gross and Siegel, 1993; Jones et al., 1988). Thus, if a proportion of the laying
hen population showed similar sensitization of the C response, this could increase
their susceptibility to stress and thereby compromise their health, productivity and
product quality. In this context, stress-induced reductions in meat quality were less
pronounced in STI than LTI quail (Faure and Mills, 1998), growth rate and bone
strength were less severely reduced in stressed LS than HS quail (Satterlee and
Roberts, 1990), and puberty was accelerated in LS birds (Marin et al., 2002).

Traits can be affected by different genes during ontogeny and this may com-
promise their stability (Nol et al., 1996). However, because divergence was still
apparent in 10-week-old STI and LTI quail and at 30 weeks in LS and HS birds,
the selected traits are probably stable (Faure et al., 2003).

These findings provide a platform for future studies in more commercially
important species, and these could lead to marker-assisted selection to maintain or
remove specific gene alleles. The overall objective is to increase the birds’ ability to
adapt to challenge and thereby improve welfare and performance. Since adapt-
ability is shaped by the environment as well as the genome, environmental enrich-
ment and selective breeding approaches should be integrated (Jones and Hocking,
1999).

SOCIALITY

Early selection programmes focused heavily on aggression and social dominance
(see Craig et al., 1965) but positive social behaviours are receiving growing inter-
est, with selection oriented to social attraction to an imprinting stimulus in chick-
ens (Graves and Siegel, 1969) and conspecifics in Japanese quail (Mills and Faure,
1991). In the latter case, quail were selected for distance run on a treadmill to
maintain close contact with conspecifics, i.e. reinstatement. Line divergence
between quail showing low (LSR) or high (HSR) social reinstatement was soon
evident. The HSR quail also showed more jumping and peeping and greater
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elevations of plasma C levels and heterophil/lymphocyte ratios upon isolation than
LSR birds (Mills et al., 1993). They also spent longer in visual or physical contact
than LSR birds up to 3-4 weeks of age, although these effects were apparent at
5-6 weeks only when physical contact was prevented (Faure et al., 2003). HSR
males and females also copulated sooner, more often and with greater efficiency
than the LSR group (Burns et al., 1998). Furthermore, HSR birds were easier to
capture, perhaps because they were less frightened of humans (Faure et al.,
2003). One interpretation of line differences in social reinstatement, sexual behav-
iour and fear of humans is that selection has altered the birds’ general ability to
imprint. At first it was thought that HSR birds would adapt more easily to normal
rearing conditions (large, high-density groups) but observations that adult HSR
quail showed greater reinstatement only if social contact was prevented and that
they show more non-aggressive pecking and feather pecking (Faure et al., 2003)
indicate the need for caution.

Although no selection programme was conducted, a simple T-maze test pro-
vided a quick, robust measure of social motivation in broiler chicks (see Jones et
al., 1999; Marin et al., 2003). Chicks that negotiated the T-maze quickly in order
to regain social contact showed lower plasma C responses to an acute stressor and
put on more weight than their slower counterparts, both in the laboratory and at
a commercial farm (see Marin and Jones, 1999; Marin et al., 2003). If T-maze
behaviour was open to selection it might offer a quick and cheap alternative to the
treadmill test and thereby offer a useful technique to select for appropriate levels
of social motivation.

DISCUSSION

A common question is whether genetic selection for increased adaptability in
poultry will affect productivity. There are three possible scenarios. First, selection
for adaptability might damage production. However, as far as we know, this has
never been reported. Neither is it likely because increased adaptability implies a
greater likelihood of coping successfully with extraneous challenges that might oth-
erwise impair performance. Second, selection for adaptability may have no effect
on production. This could be the case if selection for production was unconsciously
associated with indirect selection for adaptability. For example, the indirect selec-
tion for reduced fear that accompanied domestication may have combated the
reduction in reproductive performance that highly fearful wild animals would have
otherwise shown in captivity. Third, selection for adaptability may unconsciously
improve productivity. Examples include the alleviation of stress-induced reductions
in product quality and bone strength in STI and LS quail (see above). Furthermore,
appropriate levels of sociality might improve all aspects of social interaction,
reduce social stress, and thereby increase welfare and performance (Jones and
Hocking, 1999; Jones and Mills, 1999). It is pertinent to note that birds are
housed individually in many breeding programmes rather than in social situations
that would allow the expression of (and selection for) aspects of social behaviour.

Rapid responses were observed in all the selection experiments described here
and the associated heritabilities were moderate to high, illustrating the potential for
further genetic improvement. Some rapid tests have already either been used or
identified as selection criteria for breeding programmes (see Jones and Hocking,
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1999; Faure et al., 2003). Their execution takes longer than the measurement of
body weight but much less time than the assessment of laying rates. Moreover,
appropriate automation could easily reduce the time required to carry out these
tests and thereby decrease the associated costs.

Breeding programmes intended to improve adaptation and welfare should
focus on characters that are likely to be influential in all current and future housing
systems. Thus, in order for artificial selection to effectively improve welfare it
should be directed at changing underlying motivational states rather than simply
suppressing undesirable symptoms of those motivations. The significant reduction
in underlying fearfulness that accompanied selection of quail for shorter TI fear
reactions or for decreased adrenocortical responses to mechanical restraint (Faure
and Mills, 1998; Jones and Hocking, 1999; Jones et al., 1991, 2000) suggests
that such breeding programmes could meet these criteria, as may the modification
of sociality. Conversely, selection for resource use has limited interest, particularly
since rearing environments are changing quickly because of technical or legal con-
straints, whereas selection is a long-term process.

To conclude, genetic selection is becoming widely accepted as a quick, reliable
method of eliminating harmful traits and promoting desirable ones in farm animals
(see Faure and Mills, 1998; Jones and Hocking, 1999). Selection should aim to
improve adaptability to a wide range of environments rather than to a specific one.
In some cases, selection for increased adaptability could be applied immediately,
whereas others require further research on the associated effects of selection and
the relative benefits of environmental alternatives. In view of the beneficial effects
of practicable environmental enrichment, an approach that integrates genetic and
environmental strategies is the most likely to satisfy the birds’, the farmers’ and the
public’s requirements.
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ABSTRACT

Feather pecking and cannibalism are important welfare issues in the battery cage
system and even more of a problem in alternative systems of egg production. Interest
in the genetics of feather pecking and cannibalism has grown in the last few decades
and a genetic solution might be more sustainable, efficacious and cost-effective than
environmental modifications. Strain differences in the plumage condition of laying hens
and feather pecking behaviour have been reported. More recently within-line genetic
components of feather pecking and cannibalism have been quantified. Estimates of the
heritability of plumage condition range from moderate (0.22) to high (0.54) and the
heritability of observations of pecking behaviour from 0.06 to 0.38. Some selection
experiments have produced little or no evidence of a response. However, in one exper-
iment, group selection was very effective in reducing the incidence of beak-inflicted
injuries in caged hens and realized family heritability was 0.65 + 0.13. Divergent selec-
tion for high and low feather pecking resulted in significant differences in feather
pecking behaviour and plumage condition. There is uncertainty about the correlated
responses to selection for low feather pecking and cannibalism, and this justifies more
research. Molecular approaches may offer the opportunity for selection to decrease
feather pecking and cannibalism without compromising the welfare of birds in the
selected flock. However, the evidence so far is not encouraging, and future opportuni-
ties to change the propensity for damaging feather pecking and cannibalism in com-
mercial laying hens will probably rely on conventional selection in appropriate
environments.

INTRODUCTION

Interest in the genetics of feather pecking and cannibalism has grown in the last
few decades in connection with major changes in production systems. Genotypes
specialized in a very high egg output have been developed (Flock and Heil, 2002).
Concurrently, changes in housing and management, such as keeping birds in very
large groups, at high stocking densities, in barren environments, and feeding a
mash diet with a very high nutrient concentration, have been introduced. This has
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been associated with behavioural problems such as feather pecking and cannibal-
ism, and remedial measures such as beak trimming have been implemented to
overcome them. Beak trimming introduces welfare problems of its own by inflict-
ing pain in the short and long term (Gentle, 1986; Gentle et al., 1990, 1997).
Production systems and methods can be changed to reduce problems, but often
with severe economic consequences. In the longer term, a genetic solution might
be more effective, and this chapter will examine the feasibility of this proposal.

This chapter includes a review of research that investigates the genetic back-
ground of feather pecking and cannibalism. It should be noted, however, that there
are many ways of defining these traits or, alternatively, there might be several traits
covered under the same term of feather pecking and cannibalism. It is therefore
necessary to define these terms.

WHAT IS FEATHER PECKING AND WHAT IS CANNIBALISM?

In general, one can differentiate between self-pecking and allo-pecking. If a bird
pecks itself, it will normally be preening its feathers, but if the plumage, toes or
skin are damaged it is referred to as self-pecking or self-mutilation. Preening
other birds (allo-preening) is pecking the plumage of other birds without doing
harm, and is often done in a non-aggressive social context (Harrison, 1965).
Pecking harmfully at other birds is referred to as allo-pecking. Aggressive pecking
is forceful allo-pecking usually directed at the facial region (Kruijt, 1964). Feathers
can be damaged, but it is generally acknowledged that aggressive pecking is not a
major cause of feather loss.

The typical ‘feather pecking act’ has been described and illustrated by
Wennrich (1975). The hen performing feather pecking slowly approaches the
target hen (recipient) from behind or from the side, focusing on the feathers of the
recipient. The recipient will in most cases pay no attention to the performer at first,
but will often move away after having received some feather pecks, the response
depending on the severity of the pecks. The following types of pecking have been
reported: pecking without removal of feathers, causing little damage, such as barb
pulling (Hughes, 1973); barb pecking (Savory, 1995); gentle pecking (Keeling,
1995); and stereotypic pecking (Bessei, 1983; Kjaer and Vestergaard, 1999) or
pecking causing damage such as feather removal (Hughes, 1973), feather pulling
(Savory, 1995) and severe pecking (Keeling, 1995). Feather pulling can result in
severe damage of the integument, including bleeding from feather follicles (Hughes
and Duncan, 1972). Distinguishing between damaging and non-damaging pecking
can in certain cases be very subjective, and objective methods of classification are
still needed.

Birds may be wounded by allo-pecking and even pecked to death. This is
called cannibalism and is regarded by some authors as the final phase of severe
feather pecking (e.g. Bessei, 1983; Blokhuis and Arkes, 1984; Savory and Mann,
1997). Cannibalism can occur without previous feather pecking and may involve
damaging pecking at non-feathered areas like the feet. However, this form of
pecking is mostly directed at the cloaca and is referred to as cloacal cannibalism,
‘vent-pecking’ (Hughes and Duncan, 1972; Allen and Perry, 1975), ‘bloody
cloaca’ (Madsen, 1966) and ‘pick-outs’ (Neal, 1956). Cloacal pecking may be
related to prolapse occurring at the beginning of the laying period or simply to
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normal exposure of the proximal end of the oviduct or vent at the end of the laying
process. Feather pecking is not necessarily a precursor of cannibalism, but high
rates of feather pecking do increase the risk of cannibalism (Huber-Eicher, 1997,
Wechsler et al., 1998; Kjaer and Serensen, 2002).

STRAIN DIFFERENCES

Strain and cross differences were reported in an early study by Richter (1954). He
crossed different strains with partridge-coloured Leghorns, known to feather peck.
These crosses gave very different results: one cross showed hardly any feather
pecking, whereas the other demonstrated high rates of feather pecking. He also
concluded that feather pecking was transmitted to the offspring as ‘a hereditary
factor’. Since then a large number of authors have reported strain differences in
plumage condition of laying hens, e.g. Ambrosen and Petersen (1997),
Abrahamsson and Tauson (1995), Bessei (1984a), Conson and Petersen (1986),
Damme and Pirchner (1984), Grashorn and Flock (1987), Hughes and Duncan
(1972), Ouart and Adams (1982) and Tind and Ambrosen (1988). Strain differ-
ences in observed feather pecking behaviour have also been reported (Tind and
Ambrosen, 1988; Blokhuis et al., 1993).

In a multi-strain comparison of 12 commercial layer and 13 unselected tradi-
tional lines, we have shown that there is considerable between-breed genetic vari-
ation for feather scores, skin lesions and cannibalism (P.M. Hocking et al.,
unpublished, see Table 12.1). Comparatively little breed variation was observed for
time spent on general behaviours and measures of fear and sociality suggesting, in
contrast to feather pecking and cannibalism, that these behaviours were relatively
unaffected by different selection strategies. Interestingly, feather pecking and can-
nibalism occurred in traditional and commercial lines and genetic variation in the
two categories was similar to the overall estimate (Table 12.1). The important con-
clusions are that although selection for high productivity may have increased the
prevalence of feather pecking and cannibalism, this is not inevitable, and that these
behaviours commonly occur in traditional as well as current, highly productive,
selected lines. Furthermore, some lines showed feather loss with little cannibalism

Table 12.1. Between-breed intraclass correlations for the proportion of birds culled or dying from
cannibalism (mortality), proportion with feather damage, and the proportion with skin lesions in 25 lines
of chickens at 30 weeks of age. The intraclass correlations were determined over all 25 lines (f;) or with
category (commercial or traditional) included in the statistical model (%,,). Means for commercial and
traditional lines are presented as back-transformed means. (From Hocking et al., 2004.)

Category means
Commercial  Traditional  Significance

Trait t t

W
Mortality (probability of death) 0.30* 0.15 0.19 0.06 *
Severe skin score (probability) 0.73* 0.69* 0.26 0.08 NS
Severe feather damage (probability) 0.51* 0.52* 0.14 0.19 NS

* P<0.05; NS = not significant.
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and others with high mortality and little or no evidence of feather loss. Mortality in
some lines was associated with toe and foot pecking and not with the usual target
areas of the tail, vent and the base of the wings.

BIOMETRICAL STUDIES

The nature of the genetic components of feather pecking and cannibalism has not
received much attention until recently. The relatively small literature on the quan-
titative genetics of feather pecking and cannibalism will be reviewed in this section.

Experiments designed for the estimation of genetic parameters have to be
extensive. This is due to the properties of variance components, which are the
bases of estimating genetic parameters such as heritability. In order to obtain esti-
mates with a reasonable precision, the number of animals has to be large and sys-
tematically distributed among sires (males) and dams (females). Individual pedigrees
have to be available and observations carried out on individuals or groups of closely
related birds.

Plumage condition is relatively easy to score on a large number of birds and
various subjective measurements have been used, some including only feather
scoring (e.g. Tauson et al., 1984), some only skin condition (e.g. Abrahamsson
and Tauson, 1995) and some including both in the same score (e.g. Hughes and
Duncan, 1972). One should be cautious, however, in the use of plumage condi-
tion as an indicator of feather pecking, due to the existence of social facilitation of
feather pecking (Savory and Mann, 1997; McAdie and Keeling, 1999). This
means that birds have to be kept in family groups, for example consisting of half-
sibs, and then the average plumage score of the group will be the data point used
for further analyses. If individual scores of these sibs are used there is a risk of
introducing a bias due to interdependencies between birds within a group, i.e. the
birds are not independent observations but are correlated, and this should be
included in the statistical model. Another way of introducing bias is by using full-
sib analyses instead of half-sib analyses. This will introduce a possible positive bias
due to the method of calculating the variance components (Falconer, 1989).
Thirdly, feather pecking can in some cases not be distinguishable from abrasion
(Tind, 1985).

Some estimates of heritability of plumage condition are given in Table 12.2.
Estimates range from moderate (0.22) to high (0.54). Craig et al. (1983) reported
that heritability estimates of plumage condition in two White Leghorn strains
kept in high-density cages were not significantly different from zero. Grashorn
and Flock (1987) found the heritability of plumage condition was very low at the
beginning of the laying period and increased with time, suggesting that genetic
variability was expressed at greater ages only. This fits well with estimates of
heritability obtained directly on feather pecking behaviour at various ages (see
below).

Direct observation of pecking behaviour is a more precise method of assess-
ing the tendency to perform feather pecking in individuals and has been used in a
few experiments to estimate the heritability of feather pecking. The tendency to
receive feather pecking can be measured and heritability estimates for this trait also
exist (Table 12.3).

Cuthbertson (1980) reported estimates of heritabilities in a group of
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Table 12.2. Estimates of the heritability of plumage condition in strains of layers.

Heritability + s Age (weeks) Genetic model®  Breed® Reference

0.54 £ 0.20 42 Sire SS Damme and Pirchner (1984)
0.23+0.13 42 Sire RIR Damme and Pirchner (1984)
0.37 £ 0.10 55 Sire+dam WL Craig and Muir (1989)

0.34 £0.16 59 Sire SS Damme and Pirchner (1984)
0.29 £ 0.15 59 Sire RIR Damme and Pirchner (1984)
0.37 £0.15 60 Sire WL Grashorn and Flock (1987)
0.22 £0.12 60 Sire RIR+SS Grashorn and Flock (1987)
0.22 +0.13 67 Sire RIR Damme and Pirchner (1984)
0.30+0.15 67 Sire SS Damme and Pirchner (1984)

aSire refers to a sire model; sire+dam to a genetic model that includes the dam.
bSussex (SS), Rhode Island Red (RIR), White Leghorn (WL).

approximately 500 chickens of 0.09 + 0.09 at 3 weeks of age. When she dis-
carded animals that were not observed performing or receiving feather pecking
(about 50%) the estimate was higher (0.56 + 0.26). Bessei (1984a) found a heri-
tability (based on sire and dam components of variance) of 0.20 for performing
feather pecking, and 0.25 for being pecked, in 8- to 20-week-old pullets of a strain
laying tinted eggs. Estimates of the apparent heritability of performing feather
pecking in pullets of a two-line cross (RIR and Sussex) at 18 weeks of age were
reported to be only 0.07 £ 0.09, and estimates on receiving feather pecking were
also not significantly different from zero (Bessei, 1984b). More recently, Kjaer and
Saerensen (1997) reported estimates of performing feather pecking in a White
Leghorn strain (310 chickens), using the sire component and animal model.
Estimates were of low to moderate size (0.06-0.14 + 0.07) at 6 and 38 weeks and
a little higher (0.35-0.38 + 0.12) at 69 weeks of age (Table 12.3). Estimates for
receiving feather pecking were 0.15 + 0.07 at 6 weeks of age, but were not sig-
nificantly different from zero at 38 and 69 weeks of age.

Table 12.3. Estimates of heritability of feather pecking based on direct observations of a single genera-
tion of birds.

Heritability + se Age (weeks) Trait Reference

0.06 + 0.07 6 No. of pecks Kjaer and Sgrensen (1997)
0.13 £ 0.07 6 No. of bouts Kjaer and Serensen (1997)
0.09 £ 0.09 10 No. of pecks Cuthbertson (1980)

0.07 £ 0.09 18 No. of pecks Bessei (1984b)

0.14 £ 0.07 38 No. of pecks Kjaer and Sgrensen (1997)
0.13 £ 0.07 38 No. of bouts Kjaer and Sgrensen (1997)
0.33+0.12 69 No. of pecks Kjaer and Sgrensen (1997)
0.38 £ 0.12 69 No. of bouts Kjaer and Sgrensen (1997)
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SELECTION EXPERIMENTS

Group selection has been very effective in reducing the incidence of beak-inflicted
injuries in caged hens. The selection criterion, in a study by Craig and Muir (1993),
was ‘hen days without beak-inflicted injuries’ which could be regarded as a com-
bined selection against cannibalism, aggression and feather pecking. Each sire
family was held in a multiple-bird cage and selected as a group. After two genera-
tions of selection, realized family heritability was estimated to be 0.65 + 0.13.
Mortality decreased from 68% to 9% in generation 3 (Muir, 1996), indicating that
a major gene may have been involved, and plumage condition improved (Craig and
Muir, 1996).

Divergent selection on individual rate of severe feather pecking for two gen-
erations on a base population of a commercial laying hybrid produced high and
low feather pecking lines significantly different in level of severe feather pecking in
generation 1, but in generation 2 there was no significant difference between lines
in any type of pecking (gentle or severe feather pecking and aggressive pecking,
Keeling and Wilhelmson, 1997).

At the University of Hohenheim, Germany, strains of laying hens were
selected for or against pecking at a target connected to an automated recording
system, the ‘peck-o-meter’ (Bessei et al., 1999). This is an electronic device, which
measures pecks or pulls to a bundle of feathers or an alternative pecking target
(e.g. a bunch of white string) attached to a strain gauge. The founder line was a
medium-heavy strain laying brown-shelled eggs. Initially, birds from 64 families
were screened. Around 200-300 birds from each line were tested in each gener-
ation. Selection over three generations showed the expected change in pecking at
the target in the two lines. In generation 2 the levels of pecking to the feather
bunch were 34 and 16 bouts/bird/20 min, respectively, in the high and low line.
In generation 3 the corresponding levels were 28 and 5 bouts/bird/20 min and
the lines therefore appeared to be diverging. The very preliminary estimates of her-
itability in generations 1, 2 and 3, respectively, were 0.18, 0.22 and 0.26 (Bessei
et al., 2003, personal communication). With regard to feather pecking, the line
selected for a high level of pecking at the feathers of the peck-o-meter showed less
feather pecking compared with the line selected for a low level of pecking. This
negative phenotypic correlation, estimated to be about —0.30, between pecking at
the peck-o-meter and feather pecking is the opposite of the expected relationship
according to correlations obtained by Bessei et al. (1999). Those results, however,
were based on family means and not on individual animals. A possible explanation
for this negative correlation could be that pecking at a bunch of feathers might
be regarded as pecking an inanimate target. It has been hypothesized that
feather pecking is connected more or less specifically with coping strategy, feather-
pecking birds predominantly being active copers and non-feather-pecking
birds being passive copers (Korte et al., 1997; Koolhaas et al., 1999). From
this it follows that feather-pecking birds will be more intrinsically driven and
therefore less motivated to investigate inanimate stimuli, i.e. feather bunches.
Conversely, non-feather-pecking birds will be more interested in pecking
at feather bunches. In line with this hypothesis, Rodenburg and Koene
(2000) found a negative relation between feather pecking and pecking
at a bunch of feathers. Therefore, selection might prove to be successful in
generating high and low feather-pecking lines, indirectly, and the
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average level of feather pecking in the lines will be negatively correlated to the level
of pecking recorded by the peck-o-meter.

At the Danish Institute of Agricultural Sciences in Foulum, high and low
feather-pecking lines were developed on the basis of a random-bred White
Leghorn strain maintained as a control line (C). The selection criterion was based
on the number of bouts of feather pecking (with no distinction between gentle or
severe pecks) recorded during a 3-h observation session in which hens were kept
in littered floor pens in groups of 20, consisting of 10 birds from the high pecking
line (HP) and 10 from the low pecking line (LP). Breeding values were calculated
using an Animal Model procedure. After three generations of selection, significant
differences in feather pecking behaviour and plumage condition were found
between the low and the high pecking line (Kjaer et al., 2001). The average rate
of feather pecking in HP and LP, respectively, was 4.6 versus 0.6 bouts per bird
per hour (P<0.001) equivalent to 13.9 versus 2.5 pecks per bird per hour
(P<0.001) and the proportion of hens recorded as feather pecking in a 180-min
observation period was 75 versus 49% (P<0.001). Estimates of heritability are
given in Table 12.4.

Table 12.4. Estimates of heritability of feather pecking based on selected lines.

Generations of

Heritability + se selection Comments Reference

0.202 3 On combined data from low and  Kjaer et al. (2001)
high feather-pecking lines

0.18 £ 0.08 5 Low feather-pecking line Su et al. (2003)

0.14 + 0.07 5 High feather-pecking line Su et al. (2003)

0.65+0.13 2 Feather pecking, cannibalism Craig and Muir (1993)

and aggression in a combined trait

aRealized heritability, no se given.

CORRELATED RESPONSES

Genetic correlations are essential in relation to selective breeding in order to
understand the effects of selection on one trait, e.g. feather pecking, and the cor-
related effect on production and other traits (egg production, sexual maturity, etc.).
Due to the statistical methods of calculation, genetic correlations mostly have rel-
atively large standard errors and should be treated accordingly.

It has been assumed in earlier studies on feather pecking that selection for high
egg production increases the tendency for feather pecking. This relationship is not
very clear-cut, however. Kjaer and Sarensen (1997) found a negative genetic cor-
relation between body weight at 52 weeks and the prevalence of feather pecking.
This could indicate that selection for smaller body size, which has occurred in com-
mercial breeding programmes for layers, may have contributed to feather pecking
problems. Furthermore, the genetic correlation between feather pecking activity in
pullets (average of observations from 6 to 18 weeks) and body weights at 2 days,
8 and 20 weeks were 0.20, 0.66 and 0.57, respectively (Bessei, 1984a). In
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contrast to this, selection for and against feather pecking reduced body weight in
the low pecking line compared with the high pecking line in generation 3 (Kjaer
et al., 2000). Probably the higher body weight was the main cause of higher egg
weight and higher egg mass production in the high pecking line. Preliminary,
unpublished results for generation 4 showed no difference between lines with
regard to body weight at 25 weeks of age. Taken together, further studies are
needed in order to make conclusions on this correlation. However, the evidence
from the multi-strain experiment suggests that there is little correlation between
body weight and feather pecking or cannibalism: the absolute values of the
between-breed genetic correlation for body weight and egg numbers, respectively,
with feather score, skin lesions and mortality were less than 0.15 and 0.11.

Craig et al. (1975) reported an associated increase in feather pecking and can-
nibalism in White Leghorns selected for early sexual maturity and Muir (1996)
found that selection of survivor groups in multiple bird cages decreased mortality
very significantly. As selection in individual cages and selection for earlier sexual
maturity were introduced in some commercial breeding programmes in the late
1980s, these changed selection practices may represent one of the underlying
causes of an apparent increase in the propensity for cannibalism to occur in caged
layers. Selection for decreased body weight and residual feed consumption might
also be implicated in any rise in the propensity for feather pecking and cannibal-
ism in commercial flocks.

In a recent experiment at DIAS, Foulum, an international commercial hybrid
was compared to a Danish commercial hybrid, Hellevad, and the two pure lines of
this cross (Kjaer and Serensen, 2002). The birds were kept in 24 flocks in a small-
scale (40 hens per flock) free-range system. The international hybrid birds clearly
performed best with regard to egg production, but they also had the highest mor-
tality from cannibalism: 16% versus 0-1.4% in the less productive strains.
Nevertheless the local hybrid, Hellevad, is becoming more popular in organic egg
production in Denmark, because welfare-related factors, such as an absence of
cannibalism and feather pecking, are becoming more important. Five commercial
hybrids are under evaluation in the same experimental conditions at the time of
writing (J.B. Kjaer and P. Serensen, unpublished), and the same correlation
between productivity and injurious pecking behaviour also appears to exist among
these hybrids.

MOLECULAR STUDIES

Biometric studies suggest that the genetic background of feather pecking is poly-
genic (Kjaer and Serensen, 1997) whereas cannibalism and aggression combined
(beak-inflicted injuries) may be influenced by a major gene (Muir, 1996). New
molecular techniques have been applied by a group of researchers in The
Netherlands (Buitenhuis et al., 1999) aiming to identify relevant genetic regions or
genes that cause differences in feather pecking. Two White Leghorn lines differing
in rate of feather pecking, probably due to responses correlated to selection on
production parameters (Blokhuis and Beutler, 1992) were the base lines in a two-
pronged investigation. A candidate gene and comparative mapping approach
addressed specific genes and supplement the main search for quantitative trait loci
(QTL) associated with the target behaviour. Based on the suggestion of Korte et
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al. (1997), the glucocorticoid receptor (GR) gene is a candidate gene. The position
of this gene is unknown in the chicken, but the position on human chromosome
5 is known (5q31). The fact that several other genes in this region are known to
occur in a specific chicken linkage group, makes this human linkage group a likely
candidate for the location of the chicken GR gene. In the complementary QTL
analysis, a screening of 180 microsatellite markers on over 600 F, birds has been
done. Phenotypic recordings on these birds include corticosterone response to
manual restraint and observations of feather pecking behaviour in a social test at
6 and 30 weeks of age. Suggestive QTL for gentle feather pecking at 6 and
30 weeks of age were identified and a significant QTL for severe feather pecking
at 30 weeks was detected (Buitenhuis et al., 2003). The results suggested that
feather pecking behaviour at 6 and 30 weeks may be regulated by different genes
and, more importantly, that indirect selection to decrease feather pecking and can-
nibalism by marker-assisted selection may be possible.

In a Swedish study (Jensen et al., 2003) no QTL for performing feather
pecking were detected in an F, population of 751 intercross birds from one Red
Jungle Fowl sire and four White Leghorn dams. However, a significant QTL was
associated with plumage condition, reflecting exposure to feather pecking, and this
QTL coincided with the colour gene ‘dominant white’. Animals homozygous for
the Jungle Fowl allele had significantly poorer plumage condition.

The validity of the search for QTL associated with a complex behavioural trait
such as feather pecking and cannibalism is illustrated by the search for genes for
fear and anxiety in laboratory mice (Flint et al., 1995). Two lines of mice that dif-
fered in several measures of fear were crossed and six QTL for ‘open field activity’
(a measure of fear) were detected that accounted for all of the additive genetic vari-
ation in this trait. The authors concluded that relatively few genes (strictly QTL)
acting additively and independently were responsible for the differences in fearful-
ness between the two lines, the heritability of which was only 0.26.

DISCUSSION

Differences in the rate of feather pecking, quality of plumage and mortality from
cannibalism between populations of domestic fowl are well documented. The
nature of the genetic background of these differences is less well known. Several
studies have addressed this question during the past few decades. There is accu-
mulating evidence supporting the existence of additive genetic effects underlying
feather pecking behaviour, with heritability estimates ranging from 0.1 to 0.4.
With regard to cannibalistic pecking there is evidence that one or a few major
genes may influence the trait. Selection lines differing in the propensity to perform
feather pecking or cannibalistic pecking have been developed. Realized heritabili-
ties, respectively of 0.2 to 0.7, have been reported. Correlations between feather
pecking behaviour and cannibalistic pecking and traits related to egg production,
feed consumption and egg quality need further investigation but are unlikely to be
sufficiently high to severely compromise selection for production traits.

One of the major problems of genetic change is the difficulty in measuring the
trait: feather pecking and cannibalism are infrequent and their expression is vari-
able even in lines that are predisposed to them. It is also possible that there are a
number of genetic behavioural traits that give rise to the same end-point. In
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support of this contention, several of the lines in the multi-strain experiment had
extensive feather loss with no mortality and vice versa. Other lines suffered high
culling rates because of self-pecking at the toes and legs, or pecking at the tail area
with no other signs of feather loss or damage. Furthermore, the type of pecking
was similar in the two different pens in which each line was represented.

The ‘different genetic behaviours’” hypothesis of feather pecking and cannibal-
ism is constant with one of the diathesis—stress models of schizophrenia in humans
(Meehl (1962), cited in Heinrichs (2001)). One can imagine the existence of one
or a few major genes, with low penetration, leading to a developmental disorder
of the brain causing vulnerability for the development of feather pecking and can-
nibalism. These major genes may in turn be influenced by numerous ‘moderator’
genes as well as by rewards (positive feedback from feather pecking) and punish-
ments (lack of stimulation) from the environment. These ‘moderator’ genes can,
without the existence of the major feather pecking genes but in combination with
environmental stress, lead to behavioural disorders that resemble feather pecking
from a clinical standpoint but differ in their aetiology and neurogenesis.

These difficulties of trait definition may inhibit the estimation of robust genetic
parameters because different behavioural traits that result in the same outcome
may be segregating in different populations. These considerations suggest that
‘blunt instruments’ such as selection in group housing conditions (Muir, 1996)
might generally be the most likely to succeed in changing the propensity for feather
pecking and cannibalism in commercial flocks of laying hens.
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ABSTRACT

Over the past five decades the art of animal breeding has rapidly advanced into an
exacting science including such advanced tools as Best Linear Unbiased Prediction
(BLUP) and Restricted Maximum Likelihood (REML) estimation of variance compo-
nents. Unfortunately, in most selection programmes only traits directly related to pro-
ductivity are considered and, as a result, those breeding programmes ignore traits that
impact on animal welfare. The consequences of ignoring animal welfare in breeding
programmes are threefold: (i) if higher-producing animals tend to be more competitive,
then the effect of selection is to increase competition, which worsens the animals’
welfare; (i) increased competition has the effect of lowering productivity of other
animals that are in direct contention, thus resulting in reduced (or negative) gains for
productivity; and (iii) genotype—genotype interaction (competition) invalidates the tradi-
tional BLUP animal model and negates many advantages of this technology and could
in fact make it a liability. This chapter reviews recent advances that allow selection on
production traits but take into account competitive interactions. Those advances fall
into two categories: (i) group selection and (ii) advanced mixed models with a second
random effect for indirect genetic effects (competition). Both methods have been veri-
fied in poultry breeding applications and have resulted in dramatic improvements in liv-
ability, productivity and welfare.

INTRODUCTION

Historically, animal well-being issues were not considered in breeding programmes
for a number of reasons. From a practical standpoint, nearly every trait that has ever
been selected for shows some genetic variability and response to selection. However,
breeders are careful to minimize the number of traits in a breeding programme
because each additional trait added to the selection objective dilutes the selection
intensity on the primary trait. Thus, in order to convince breeders to include animal
well-being in section programmes, there needs to be an economic incentive.

Over the course of the past 20 years, research has shown that alternative
methods of selection are possible which increase both productivity and animal well-
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being without measuring any new traits. As such, the methods benefit both the
producer and the animal. Because the methods improve well-being as a by-
product, they are indirect. This chapter reviews the state of the art of selection pro-
grammes that indirectly improve animal well-being. In addition to productivity and
mortality, it will also examine correlated physiological changes in the bird to
support these conclusions.

GROUP SELECTION

Group selection is an indirect method of selection that benefits the group. Group
selection was first hypothesized as a mechanism of evolution to account for altru-
istic behaviour. However, the term ‘group selection’” has many different meanings
and has sparked numerous debates. In the 1960s ‘group selection rivalled
Lamarkianism as the most thoroughly repudiated idea in evolutionary theory’
(Wilson, 1983). Later experiments with laboratory insects clearly showed the
power of group selection to improve survival (Wade, 1976, 1977, 1978;
McCauley and Wade, 1980; Wade and McCauley, 1980; Craig, 1982). The entire
controversy is partly a matter of semantics. What some call group selection is really
selection among individuals for those who benefit the group (Individual-Group or
[:G). What others call group selection is selection among groups, where the entire
group is selected or culled based on the performance of the group as a whole
(Group—Group or G:G). The controversy stems from I[:G selection or, as Wilson
(1983) states,

... if natural selection favors individuals that leave the most offspring, then indi-
viduals that benefit themselves at the expense of others should be very fit indeed.
Individuals that benefit others, presumably at some expense to themselves, would
be selected against as surely as if they had bad eyes or faulty teeth.

Hence I:G selection is problematic from a theoretical perspective. On the other
hand, G:G selection requires that natural populations be subdivided into groups
such that selection could be among those groups. Controversy persists because
group-level adaptations require natural selection among alternative groups, but
natural selection within groups will be opposed to that level of selection (Williams,
1966). Which force is stronger is still a subject of debate. Further controversy exists
as to whether such grouping really occurs in nature, given that migration frequently
occurs between groups (Wilson, 1983).

Nevertheless, it is clear to all that group-level adaptations require a higher level
of selection than that among individuals. How group selection occurs in nature is
a matter for debate and of academic interest, but in an agricultural setting the
breeder can establish the groups (pens or cages), minimize mixing between groups,
and selection can be based on the group mean. Of greater importance is that
behaviour is a group-level adaptation, which means that it is impossible to improve
behaviour at the individual level without directly selecting for behaviour traits, i.e.
selection for increased individual productivity only maximizes individual productiv-
ity, not necessarily that of the group.

The quantitative relationship between individual and group productivity
was first presented by Griffing (1967) when he extended classic population genetic
models to include competitive effects. Griffing (1967) recognized that with
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competition, the usual gene model for a given genotype must be extended to
include not only the direct effects of its own genes, but also the associated contri-
butions from other genotypes in the group. Griffing (1967) termed the associated
effect of one plant on another as the ‘associative’ effect of that plant; in animals
the associative effect is generally referred to as being due to competition, compe-
tition being for either limited food or space, or for social status (pecking order).
Thus, in theoretical treatments of the subject, the conceptual biological model must
first be extended to define the group and, second, the usual gene model must be
extended to include not only the direct effect of the individual’s own genes, but also
associated contributions from other genotypes in the group.

Griffing (1967) showed that in the presence of interacting genotypes, the
expected change in the mean (Ap) from individual selection of intensity i in a pop-
ulation with a phenotypic standard deviation of ¢ is

Ap =(i/<5)[d0£ + (da)o-AJ

where dcsg is the additive variance of the direct effects and (4,6, is the additive
covariance between direct and associative effects. If the covariance is negative, as
occurs when there is competition for a limited resource, then selection based on
individual performance can have a reverse effect on the mean; i.e. positive selec-
tion will reduce rather than increase the mean. This results because a gene that has
a positive direct advantage for the individual has a negative associate effect on the
group. These results are contrary to those predicted by classic quantitative genet-
ics, but verify Williams’ (1966) conclusion that individual selection can oppose pro-
ductivity of the group. In contrast, if the group is defined as the unit selection, then

AM =(V(5)LG‘% + (da)q% + acﬂ

where acﬁ is the additive variance for associative effects. In this case, because all
the individual terms are squared, Au is always positive. Thus, transferring selection
from the individual to the group ensures that the population mean will not
decrease.

Griffing (1967) also showed that with group selection, it is possible to select
for an allele that has a negative direct effect but positive associative effect, i.e. altru-
istic or self-sacrificing traits. This conclusion also supports the notion that adapt-
ability at the group level requires selection on a different unit of selection; that of
the group rather than the individual.

Griffing (1967) further notes that as group size increases, associate effects take
on an increasingly dominant role in determining the consequences of selection,
and implies that as cage or pen size increases, group performance is dominated by
associative effects, rather than direct effects. For a breeding programme, this
means that in large group sizes, more response may be achieved by reducing com-
petitive effects than by selecting for direct effects.

These theories also extend to among-family-group selection. Griffing (1976)
showed that the efficiency of group selection is greatly increased if the group is
composed of related individuals, particularly as group size increases. This form of
family selection should not be confused with traditional family selection. In order
to clarify this issue, a distinction needs to be made based on what information is
used to determine the genetic merit of an animal, and how those individuals are
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housed. With traditional family selection, as defined by Falconer (1981), individu-
als are housed either singly or in random groups. In some species, such as swine,
maternal effects are recognized as an important source of confounding between
individual merit and maternal environment, and requires within-family selection to
remove the effect, while for other traits where the heritability is low, such as fertil-
ity, between-family selection on sire family averages is used to increase the heri-
tability of the trait. Clearly both sources of information are useful, but of different
value under alternative situations depending on the heritability of the trait and the
importance of permanent environmental effects, and an ‘optimal’ index is usually
used to weight individual versus family information. However, the index is devel-
oped by assuming individuals do not interact, i.e. that the index maximizes gain for
individual performance, not that of the group. Extension of family selection to
include information from all relatives leads to development of Best Linear Unbiased
Prediction (BLUP), but suffers from the same limitations as traditional family selec-
tion and will be discussed later in the chapter.

EXPERIMENTAL EXAMINATION OF GROUP SELECTION IN POULTRY

The first successful experiment with group selection in poultry or any organisms
other than insects was initiated in 1981 using a synthetic line of White Leghorns
(Craig and Muir, 1996a,b; Muir, 1996, 2003b; Muir and Craig, 1998). With this
procedure, each sire family was housed as a group in a multiple-bird cage and
selected or rejected as a group. In the first two generations group size was 9
(413 cm? per bird) while in the next four (G3, G4, G5 and G6) group size was 12
(362 cm? per bird). Beaks were not trimmed and lighting was at a high intensity
so as to allow expression of genetic variation for aggression, feather pecking and
cannibalism. Production was measured to 60 weeks of age in the first four gener-
ations and to 72 weeks in the last two. The criterion of selection was initially egg
mass (EM), which was computed as the product of eggs per hen housed (EHH) and
egg weight (EWT). In later generations an index giving equal weight to eggs per
hen per day (EHD) and days survival (DS) was used.

Muir (1996) reported that, after six generations, in comparison with the un-
selected control (C), annual percentage mortality of the selected line (Kinder
Gentler Bird, KGB) in multiple-bird cages decreased from 68% in the initial gen-
eration to 8.8% in the sixth generation (Fig. 13.1). Percentage mortality in the sixth
generation of the selected line in multiple-bird cages was similar to that of the non-
selected control in single-bird cages (9.1%). The dramatic improvement in
livability demonstrates that adaptability and well-being of these birds were
improved by group selection. The similar survival of the selected line in multiple-
bird cages and the control in single-bird cages suggests that beak trimming
of the selected line would not further reduce mortalities, which implies that group
selection can eliminate the need to beak trim. Corresponding improvements in
eggs per hen housed (Fig. 13.2) demonstrated that such changes can also be prof-
itable.

Craig and Muir (1996a) compared the selected and control lines to a com-
mercial line, Dekalb XL (DXL), in generation 7 that were housed in either single-
or 12-bird cages. Performance was measured from 20 to 58 weeks of age. In
single-bird cages, as expected, the DXL commercial bird significantly exceeded the
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Fig. 13.1. Percentage mortality in colony cages in each generation of selection.

KGB and control lines in terms of eggs per hen housed, eggs per hen per day, egg
weight and egg mass. However, in 12-bird cages the reverse was seen, with the
KGB line superior to the DXL and control line for these same traits. These results
demonstrate a classic genotype—environment interaction. Such interactions are
predicted by the theories of Griffing (1967) and the arguments of Williams (1966),
whereby group adaptations require group selection and individual adaptations will
be opposed to those of the group.
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Fig. 13.2. Eggs per hen housed for the group-selected (KGB) chickens.

The most remarkable difference was for mortality (Fig. 13.3). By the termina-
tion of the experiment, the DXL line had 89% mortality at 58 weeks of age as
compared to the KGB line with 20% and C with 54%. The comparison to the DXL
line is particularly important because this line constituted one of the resources used
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Fig. 13.3. Percentage mortality of the commercial, control and KGB chickens.

to establish the control line from which the KGB was established. The DXL
line was the result of continued selection for improved productivity based on indi-
vidual bird performance. While the comparison is not exact, productivity and sur-
vival in relation to the control line demonstrates that continued selection on
individual productivity will improve productivity when competitive interactions are
absent, as in a single-bird cage, but can result in a negative response to selection
in a group setting. These results clearly demonstrate that continued selection
based on individual bird productivity is antagonistic to the well-being of the laying
hen.

CORRELATED PHYSIOLOGICAL AND BEHAVIOURAL RESPONSE TO GROUP
SELECTION

Following 52 weeks of housing in colony cages, Craig and Muir (1996a) observed
that the KGB line had significantly better feather score than either control or com-
mercial lines. Observations of hens’ agonistic activity in the 12-bird home cage
environment revealed that the KGB stock had fewer agonistic acts than the control
stock from which it was derived, and both control and KGB lines had less agonis-
tic activity than the commercial stock. These results clearly demonstrated that
group selection at the family level turns ‘survival of the fittest’ emphasized on the
individual to ‘survival of the adequate’ emphasized on the group, by which antiso-
cial behaviours are overcome.

Hester et al. (1996a) showed that the KGB line had a lower blood packed cell
volume (PCV) and a lower heterophil: lymphocyte (H:L) ratio than either the
control or DXL lines in response to handling, transportation and re-caging (Table
13.1). Both PCV and ratio of H:L have been used as stress indicators in animals
including chickens (Gross and Siegel, 1983; Maxwell, 1993; Woolaston et al.,
1996; Hohenhaus et al., 1998). Compared to the control and DXL lines, KGB
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Table 13.1. Selection-related alterations of haematological parameters and physical index of hens in
response to social or heat stress

Haematological parameters* Physical index
PCV H L H/Lratio Mortality* Egg production*
Group (%) (%) (%) (%) (%) (%)
KGB 100.0 103.3 103.0 105.12 9.72 75.32
Control  101.4 121.1 102.1 130.8° 17.4¢ 63.9¢
DXL 102.1 124.2 109.0 136.9¢ 15.3b 70.3b

*Data were presented as percentage of mean of 12-bird cage/single-bird cage at 33 weeks of age.

# Data were collected from hens maintained in 12-bird cages at 44 weeks of age after heat stress.

+ Data were present as percentage of hen-day egg production after/before heat stress from 12-bird
cages.

a,b.¢ Means within a row with no common superscript differ significantly.

PCV, packed cell volume; H, heterophil; L, lymphocyte; DXL, Dekalb XL commercial chicken line (see
Hester ef al., 1996a—c).

line also had better coping capability to cold and heat stressors with a higher pro-
ductivity and lower mortality (Table 13.1; Hester et al., 1996b,c). These results
demonstrated that selection has created lines with different phenotypes, each of
which has unique characteristics in physical indices, behavioural style and resist-
ance to stressors. The unique line’s characteristics could account for selection-
induced differential plasticity of the physiological buffering systems, including the
neuroendocrine and immunological systems.

Animal behaviour, including agonistic activity, is controlled by both internal
and external factors. Internal factors are mainly neuroendocrine and immunologi-
cal events. In humans and rodents, abnormal regulation of biogenic amines and
hormones, such as catecholamines (dopamine, DA; epinephrine, EP; and norepi-
nephrine, NE), corticosterone (CORT) or their derivatives, have been associated
with abnormal behaviour (Bell and Hepper, 1987; Popova et al., 1997; Berman
and Coccaro, 1998), change in coping capability (Driscoll et al., 1998) and
altered reproduction (Sirotkin and Schaeffer, 1997). Concentrations of DA, EP
and NE, as well as the ratio of EP:NE, have been used as indicators of the organ-
ism’s well-being and ability to cope with stress (Dillon et al., 1992; Bell and
Hobson, 1994; Popova et al., 1997). In addition, changes in neuroendocrine
homeostasis may result in immunosuppression that then affects the animals’ sur-
vivability and productivity (Dohms and Metz, 1991). Several immune parameters
have been used as indicators to evaluate animals’ immunity, such as ratio of
CD4+:CD8* T cells (Levinson and Jawetz, 1996), or capability to respond to
stress, such as heterophil: lymphocyte ratio (Gross and Siegel, 1983) and numbers
of circulating eosinophils (Malyshev et al., 1993).

The functions of the avian neuroendocrine and immune systems in response
to stimulation are analogous to those in humans and rodents (Covelli et al., 1981;
Harvey et al., 1984; Wambebe, 1986). In addition, there are similar distributions
of neurotransmitter receptors, such as DA, in avian and mammal species (Richfield
et al., 1987; Ferrari and Giuliani, 1993; Cardinaud et al., 1997; Dietl and
Palacios, 1998; Jiao et al., 2000). As in mammals, there are measurable changes
in the neuroendocrine and immunological systems in response to stress. These
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changes can be used as physiological indicator(s) of an animal’s well-being and as
guideline(s) in selections of animals with greater resistance to stress.

In order to examine the molecular and cellular mechanism(s) underlying selec-
tion-related behavioural and neuroendocrine plasticity, a reverse selected line
(MBB) was developed (Cheng et al., 2001a—c). To establish the MBB line, after
52 weeks of production, hens from 12 cages (total 144 hens) with the lowest
group productivity and the highest mortality, along with their full- and half-sib
brothers, were selected. The 9th generation birds of the KGB line and MBB lines
were housed in 12 bird cages, and performance was measured from 20 to
58 weeks of age. The KGB line, as expected, had higher productivity and surviv-
ability than the MBB line (Table 13.2; Cheng et al., 2001b). The remarkable dif-
ferences in productivity and survivability between KGB and MBB lines provide an
effective model with which to examine the effect of genotype—environment inter-
actions on animal well-being.

Table 13.2. Selection-induced alterations in the productivity and survivability in hens.

Trait KGB line MBB line
Mortality (%) 130+ 0.1 8.62+ 0.5
Longevity (days) 363 + 0.4 1932 + 21
Egg number per hen 2950 + 11 1082 + 12
Egg mass per hen (g/day) 48D + 2 172+£1.8
Egg weight (g) 59.42+ 0.6 58.92+ 0.8

a.b Means within a row with no common superscript differ significantly (P < 0.05).

Cheng et al. (2001a) first compared the KGB and MBB lines housed in single-
bird cages (542 cm?/bird). At 21 weeks of ages, the KGB line had higher per-
centages of blood lymphocytes and CD4+:CD8* ratio of circulating T cells (1.9 vs.
1.1; Table 13.3). The normal ratio of CD4+:CD8* T cells should be higher than
1.5, otherwise cellular immune mechanisms are greatly impaired and survivability
is damaged (Levinson and Jawetz, 1996). Compared to the MBB line, the KGB
line may have a more efficient cell-mediated immunity, as the percentage of several
cell types involved in the cell-mediated immunity also tended to be greater in the
KGB line, such as monocytes (124%) and y6 T cells (131%) (Table 13.4). In

Table 13.3. Selection-induced alterations in the subpopulations of T cells in the hens.

CD4+ cells CD8* cells CD4+:CD8* vo cells
Group (% positive) (% positive) (ratio) (% positive)
KGB 33.0+241 18.20+ 1.8 1.92 16.1+2.1
MBB 29.3+3.3 25.82£15 1.10 122+238
KGB:MBB 113% 71% 173% 131%

a.b Means within a column with no common superscript differ significantly (P < 0.01).
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Fig. 13.4. Quantitative analysis of chicken IgG on SDS-PAGE gel electrophoresis. (A) separated proteins
on the gels were stained with Coomassie blue, and (B) separated protein on the gels were detected by
Western blot analysis plus enhanced chemiluminescence. Lane 1, prestained broad-range molecular
weight marker; Lane 2, commercial chicken IgG; Lanes 3-5, samples from KGB hens; Lanes 6-8,
samples from MBB hens. Note that the band from the samples was identical with the band prepared
with commercial chicken IgG, and the size of 1gG was identified approximately at 67 kDa (arrow).

addition, the KGB line had a lower H:L ratio and lower numbers of circulating
eosinophils. In contrast, MBB hens had higher concentrations of plasma IgG (Fig.
13.4). The negative correlation between total IgG concentrations and productivity
and survivability has been found in other studies using various chicken strains
(Siegel and Gross, 1980; Siegel et al., 1982; Gross and Siegel, 1988) and in other
species, such as rodents (Ozherelkov et al., 1985) and dairy cattle (Detilleux et al.,
1991; Weigel et al., 1992). The present and previous results suggest that selec-
tion for productivity and survivability also alters the immunological and haemato-
logical systems. The improved immunity may indicate that the KGB line has
greater adaptive capability to stress than the MBB line. This hypothesis is consis-
tent with the results of Craig and Muir (1996a,b), who showed that the KGB line
exhibited better feather score, lower mortality and higher reproduction in a socially
crowded environment.

Table 13.4. Selection-induced alterations in the differential leucocyte counts in the hens.

Heterophils Lymphocytes  H:L ratio

Line (H) (L) (x100) Monocytes Eosinophils ~ Basophils
KGB 10.7°£113  83.43+13 13.0b 26+04 170+ 0.2 1611
MBB 2042 +£1.8 723"+ 1.8 29.4a 2104 382+£04 14+02
KGB: MBB  53% 115% 44% 124% 45% 114%

a.b Means within a column with no common superscript differ significantly (P < 0.01).

Cheng et al. (2001b) also showed that, in the single-bird cage, the KGB line
had significantly lower blood concentrations of DA and EP as well as a lower ratio
of EP:NE (Table 13.5). Compared to the MBB line, the lower concentrations of
catecholamines in the KGB line could be associated with sedate and passive behav-
iours (Craig and Muir, 1996a,b), and related to better and quicker adaptation to
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Table 13.5. Selection-induced alterations in blood concentrations of catecholamines in hens.

Dopamine Epinephrine (EP) Norepinephrine (NE) EP:NE
Group (ng/ml) (ng/ml) (ng/ml) (%)
KGB 0.59 + 0.082 0.30 + 0.062 0.86 + 0.12 34.02
MBB 2.42 +0.76P 0.59+0.13 0.84 £+ 0.13 7250
KGB: MBB 24.4% 50.8% 102.3% 46.9%

ab Means within a column with different superscript are statistically different (P < 0.01).

various stressors in caged production systems (Hester et al., 1996a,b).
Furthermore, the high blood concentrations of DA in the MBB line with lower pro-
ductivity are consistent with the hypothesis that the dopaminergic system is one of
the main inhibitory neuronal systems that controls the development of the repro-
ductive systems (Becu-Villalobos and Libertun, 1995) and productivity (Sotowska-
Brochocka et al., 1994).

Similar findings to the present conclusions are found in at least two other
studies. Higher concentrations of DA were found in Japanese quail that exhibited
aggressive behaviour (Edens, 1987), and an upregulation of EP concentration was
found in turkeys that were selected for higher adrenal response to cold stress (HL
line) (Brown and Nestor, 1974). Turkeys of the HL line also laid significantly fewer
eggs and were hyperactive, as was the case in the MBB line. Based on the present
and previous observations, the selection-induced differences in the concentrations
of catecholamines, survivability and productivity could be interpreted as evidence
that coping strategies of the selected strains are based on an inheritance basis and
phenotypic correlations of behavioural, physiological and neuroendocrine vari-
ables. In the present strains, selection may directly or indirectly influence regula-
tion of the neuroendocrine system, resulting in better survival behaviour and
productive performance in the KGB line.

Compared to the MBB line, the KGB line tended to have greater concentra-
tions of corticosterone (CORT) in single-bird cages (1.87 vs. 1.49 ng/ml, P=0.08;
Cheng et al., 2001a). The upregulation of CORT in the KGB line is consistent
with previous findings that the KGB hens had greater adrenal weights compared
to those of the control line (Hester et al., 1996a) and could indicate that they have
a hyperactive CORT system. Alternatively, the KGB bird, being adapted to a mul-
tiple-bird environment, could be stressed in single-bird cages, and is better adapted
to multiple-bird cages. Cheng et al. (2003a, and unpublished results) compared
measures of stress in one-, four- and ten-bird cages and found that the order of
stressors, from least to most, was four-, one- and then ten-bird. In general, chick-
ens are social animals, and the results are consistent with the conclusion that they
prefer an environment that consists of small group sizes.

The changes of the adrenal system of the KGB line could also be a part of
defence mechanisms permitting animals to remain alert and keep physiological
homeostasis in response to environmental challenges, which may underlie their
better capability to cope with social, handling and environmental stressors (Craig
and Muir, 1996a,b; Hester et al., 1996a,b). A tendency for greater concentrations
of CORT could also be related to the KGB hens’ higher productivity (Muir and
Craig, 1998; Cheng et al., 2001b). Previous studies have reported that the effects
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of CORT on productivity could be involved in regulating ovarian function (Etches
et al., 1984; Lang et al., 1984) and/or controlling ingestion and metabolism
(Tempel and Leibowitz, 1994).

Cheng et al. (2003a,b) further reported there were strain-specific interactions
between hierarchies and environmental effects in response to various social stres-
sors between the selected lines. In the ten-bird cages, a crowded social environ-
ment, the KGB line had lower levels of plasma DA and heavier adrenal glands than
those of the MBB line, but concentrations of CORT from the two lines were not
significantly different (Table 13.6). Similar to the current findings, Hester et al.
(19964a) reported that KGB hens had hypertropic adrenal glands compared to the
control and DXL hens. When paired with DXL hens, an aggressive competitor, the
MBB line had significantly higher concentrations of CORT than the KGB line
(Table 13.6; Cheng et al., 2002). These results further suggested that mainte-
nance in a crowded social environment, or social encounters with aggressive com-
petitors, were physiologically more stressful in the MBB than KGB line.

Table 13.6. Effect of genetic—environmental interactions on plasma dopamine and corticosterone con-

centrations in laying hens.

Ten-bird cages Paired with a DXL hen
CORT AGW DA CORT
Treatment (ng/ml) (mg/kg of BW) (ng/ml) (ng/ml)
KGB 104 £1.7 52+0.22 0.15 £ 0.092 6.5+0.82
MBB 92+14 47+02P 0.44 + 0.16P 11.3 £ 1.5

a.b.c Means within a column with different superscript were statistically different (P < 0.05)

Collectively, these results indicate that selection for group productivity and
survivability with reduced cannibalism and flightiness alters the regulation of the
neuroendocrine and immune systems in maintaining behavioural and physiological
homeostasis. The differential functions of the neuroendocrine and immune systems
are correlated with the line’s unique coping ability to caging environments and
resistance to stressors. The KGB hens, in contrast to the MBB hens, could re-
establish a peaceful social order after re-caging. These data further suggest that
group selection is a useful method and that its adoption in the poultry industry will
result in improved livability, productivity and welfare.

ADVANCED MIXED MODEL METHOD TO IMPROVE WELL-BEING

Having concluded that it is impossible to improve the well-being of animals based
on individual performance without directly selecting for behaviour traits, we will
now show that this goal is possible without measuring behaviour. We will take
advantage of the fact that aggressive and competitive behaviour is reflected in the
performance of other animals, i.e. those at the bottom of the pecking order have
poorer productivity and suffer higher mortality. In this way the impact of one bird
on others can be measured indirectly from the performance of the cage mates.
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Using this indirect estimate of the impact on other birds (termed associative effects
by Griffing (1976)) it is possible to use a selection index with the goal of improv-
ing the productivity of the group. The essential feature is that a second random
effect is incorporated into the mixed model equations to account for the associa-
tive effects of cage mates as well as the usual direct effects of the animal’s own
genes (Muir and Schinckel, 2002). One can therefore select on behaviour traits
without actually measuring those traits, i.e. the associative effects are a result of
competition and behaviour.

The efficacy of the method was tested using Japanese quail. The quail were
selected for 6-week weight based on either standard Animal Model Best Linear
Unbiased Prediction (AM-BLUP), or one incorporating Competitive Effects (CE-
BLUP), for 28 cycles (hatches). Results showed that using AM-BLUP failed to yield
any response to selection and actually had a negative, but non-significant, trend.
In contrast, CE-BLUP gave positive results with significant genetic gains. The lack
of response to AM-BLUP was a result of a negative correlated response of associ-
ated effects, indicating an increase in competitive effects. Selection based on CE-
BLUP increased direct, while reducing associative, effects.

AM-BLUP is considered to be state-of-the-art in animal breeding, but the
failure of this method to realize any gain, and reduce viability clearly shows that the
method is deficient. AM-BLUP is deficient because it fails to account for geno-
type—genotype interactions (competition) and invalidates the traditional BLUP
animal model, negating the advantages of this technology, and making it a poten-
tial liability. As seen from the quail experiment, the solution is simply to expand
the model to include associative effects. Unfortunately this solution will only help
if individual productivity can be measured, as with growth traits in broilers, or indi-
vidual egg production using trap nests in layers. For layers in colony cages, identi-
fication of which bird produced which eggs cannot be determined and group
selection is the only alternative in this system.
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CHAPTER 14
Sensory perception: chemoreception

D.E.F. McKeegan
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ABSTRACT

The detection of environmental chemical stimulants (chemoreception) has relevance for
the welfare of laying hens because they are exposed to a range of chemical environ-
ments of varying strength, duration and toxicity during their lifetime in commercial egg-
production systems. Behavioural and physiological evidence that chickens have
well-developed systems allowing perception of the chemical environment (via olfactory,
trigeminal and gustatory systems) has been available for some time. Only recently,
however, has this knowledge been applied and extended to investigate how current
husbandry practices might activate or disrupt chemosensory systems. For example,
there is growing evidence to suggest that chickens can detect aerial pollutants such as
ammonia at concentrations routinely encountered commercially, that exposure to
ammoniated environments is aversive, and that chronic pollutant exposure may affect
olfactory processing. Current work is assessing the chemosensory consequences of
controlled atmosphere stunning, particularly where mixtures containing carbon dioxide
are used, since CO, causes nasal pain in humans above a threshold concentration. The
potential role of olfactory and gustatory cues in the development of behavioural prob-
lems that have an adverse effect on welfare, such as feather pecking and cannibalism,
also merit further study. Mounting evidence that chemosensory cues are of importance
to the chicken means that we must consider the impact of the chemical environment
when making welfare recommendations in modern production systems.

INTRODUCTION

The detection of environmental chemical stimulants (chemoreception) has rele-
vance for the welfare of laying hens because they are exposed to a range of chem-
ical environments of varying strength, duration and toxicity during their lifetime in
commercial egg production systems. In the past, the importance of chemical sen-
sitivity in the life of domestic fowl has been largely neglected, primarily as a result
of historical scepticism regarding the existence of specialized chemoreception in
birds in general (Jones and Roper, 1997). Over recent years however, a gradual
accumulation of convincing anatomical, neurophysiological and behavioural evi-
dence has clearly demonstrated the existence of functional chemical senses in a
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wide range of bird species, including the domestic fowl (Wenzel, 1973; Jones and
Roper, 1997; Roper, 1999; Mason and Clark, 2000). The anatomical, physio-
logical and behavioural aspects of the three main chemical senses possessed by
domestic fowl (olfaction, trigeminal chemoreception and gustation) are briefly
reviewed here. Later, the welfare implications of keeping hens in commercial con-
ditions are discussed in terms of these sensory capabilities.

CHEMOSENSORY SYSTEMS

Olfaction

The olfactory system (or sense of smell) has received greater study in birds than the
other specialized chemical senses (reviewed in Roper, 1999). Early unsuccessful
attempts to demonstrate avian olfactory responsiveness contributed to the gener-
ally held belief that birds had little, if any, olfactory abilities. On the other hand,
numerous anatomical reports demonstrated the presence of well-developed olfac-
tory apparatus (Bang, 1971; Wenzel, 1971, 1973, 1987), indicating a functional
role. Although it is no longer disputed that many avians have good olfactory abili-
ties, these are still considered less well developed than in other vertebrate groups,
especially mammals. The principal features of the olfactory system of the domes-
tic fowl are described below.

Entrance to the nasal cavity is through paired external nares at the base of the
bill, after which inspired air and odorants enter three successive chambers
arranged in sequence on each side of the medial septum; the rostral concha,
middle concha and caudal concha (Wenzel, 1987). In the hen the rostral concha is
a simple convex flap (Bang and Wenzel, 1985) which, along with the middle
concha, serves to warm and humidify incoming air. An opening to the buccal
cavity in the middle concha allows inspired air to pass into the lungs for respira-
tion and the remaining air travels to the caudal concha, the only region to contain
olfactory epithelium (Wenzel, 1987). This is supported on cartilages and is ultra-
structurally similar to other vertebrates, containing olfactory receptor neurones,
basal cells, sustenacular cells and a mucus layer in which odorants dissolve (Wenzel,
1971). The dendrites of olfactory receptor neurones terminate at cilia in the mucus
layer and their axons form the paired olfactory (1st cranial) nerves (Wenzel, 1987).
Each olfactory nerve projects to an ipsilateral olfactory bulb, positioned at the ante-
rior end of the brain. Anatomical studies reveal a strong similarity between the
olfactory bulb structure of birds and other vertebrate groups, with the avian bulb
following the basic vertebrate structure of concentric cell layers surrounding a ven-
tricle (Wenzel, 1971, 1987). Five layers are present in hens: the olfactory nerve,
glomerular, external plexiform, mitral cell and the granule cell layers, respectively
(Hummel, 1979; McKeegan, 2002). Little is known about connections between
the olfactory bulb and higher centres, but it has been recognized that the lateral
olfactory tract projects to the ipsilateral piriform cortex on the lateral surface of the
telencephalon (Rieke and Wenzel, 1978), with reciprocal projections to dien-
cephalon and limbic system (Wenzel, 1987).

Among birds, there is much variation in the position, configuration and size of
the olfactory bulbs in relation to the rest of the brain, as indicated in the ‘relative
olfactory bulb size’ index (Bang and Cobb, 1968). The precise extent to which
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relative olfactory bulb size relates to olfactory capabilities is not clear, but this
measure has been used to rank avian species on a continuum of olfactory prowess
(Bang and Cobb, 1968; Bang, 1971). Accordingly, the intermediate olfactory bulb
size of the domestic fowl suggests a moderately well-developed system, just below
the midpoint in a rank order of 124 avian species (Bang, 1971).

Despite good anatomical information, there has been very little detailed neu-
rophysiological study of avian olfactory systems. Although electrical activity in the
olfactory nerves of various birds was first demonstrated in the 1960s (Tucker,
1965), only recently did a study provide the first detailed physiological evidence of
a well-developed avian olfactory system (McKeegan, 2002). Single olfactory bulb
neurones of anaesthetized hens exhibited a range of spontaneous temporal firing
patterns (McKeegan, 2002) with mean firing rates between those of mammals and
reptiles (Mathews, 1972; Harrison and Scott, 1986; McKeegan, 2002).
Responses to odorants (inhibition or excitation of spontaneous firing), also resem-
bled those seen in other vertebrate groups (Kauer, 1974; Reinken and Schmidt,
1986). Further studies confirm the complexity of the system with hen olfactory
bulb neurones capable of responding to small-step changes in odour concentration
(McKeegan et al., 2002a) and exhibiting adaptation to prolonged (2 min) odour
stimulation (McKeegan and Lippens, 2003).

Numerous behavioural studies have provided compelling evidence that chick-
ens at various stages of development can detect and respond to a wide range of
olfactory stimulants in diverse contexts (reviewed in Jones and Roper, 1997).
Olfaction has been implicated in the formation of attachments, the elicitation of
fear responses by alarm and predator-related odours, the control of feeding and
drinking and avoidance of noxious substances.

Trigeminal Chemoreception

Early indications of the importance and biological relevance of trigeminal chemore-
ception in birds were provided by studies of birds with bilateral olfactory nerve
section (e.g. Walker et al., 1979). These anosmic birds could still complete detec-
tion and discrimination tasks, albeit not at the pre-operative level of sensitivity.
Such non-olfactory responses are mediated, as in other vertebrates, via the mucous
membranes of the eyes, nasal cavity and mouth that are innervated by chemically
sensitive free nerve endings (Silver and Finger, 1991). These arise from the trigem-
inal nerve (principal somatosensory nerve of the head) and form part of the
‘common chemical sense’, particularly associated with reflex and protective
responses to irritating or painful chemical stimuli.

Anatomically, the trigeminal system of birds parallels that of mammals
(Dubbledam and Karten, 1978; Kare and Mason, 1986; Silver and Finger, 1991;
Mason and Clark, 2000). In the chicken, the trigeminal (5th cranial) nerve emerges
from the rostrocaudal medulla and enters the trigeminal ganglion on the floor of
the cranial cavity. The ganglion gives rise to various nerve branches serving the dif-
ferent mucosal regions of the head. The ophthalmic nerve innervates parts of the
eye and the rostral part of the nasal cavity, the nasopalatine nerve (a branch of the
maxilliary nerve) serves the floor and medial wall of the nasal cavity and the palate,
and the mandibular branch provides sensory input to the rest of the mouth (Mason
and Clark, 2000). Trigeminal free nerve endings lie in close proximity to olfactory
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receptors in the nasal cavity, while trigeminal and gustatory receptors are associ-
ated in the mouth (Kare and Mason, 1986).

Although the chemoreceptive properties of the trigeminal system are well
known (Tucker, 1971; Silver and Finger, 1991), the physiological characteristics
of individual receptors responding to chemical stimulation have not been well char-
acterized. In the only avian study of single afferents, McKeegan et al. (2002b)
described the firing characteristics, thresholds and stimulus response curves of
nasal receptors to noxious gaseous stimulation. These were essentially similar to
those of mammals, consisting of unmyelinated C-type and A-delta polymodal noci-
ceptors (Lucier and Egizii, 1989; Mason and Clark, 2000).

Despite clear morphological and physiological similarities, important func-
tional differences exist between the trigeminal systems of birds and mammals. For
example, birds are insensitive to capsaicin (found in chilli peppers), a potent noci-
ceptive stimulant in mammals (Kare and Mason, 1986; Mason and Clark, 2000)
but they avoid other compounds that are not irritating to mammals (Mason and
Silver, 1983). These differences may affect the way that birds perceive potentially
noxious chemicals in their environment.

Gustation

The role of gustation (taste) is to encourage the ingestion of food, discriminate
between available foods and probably to avoid intake of noxious compounds (Kare
and Mason, 1986). Generally, close contact between appropriate receptors (taste
buds) and the source of chemical stimulation is required. Many studies have
demonstrated an acute sense of taste in the domestic fowl.

The sensory cells that respond to different tastants are located in taste buds,
which in chickens are ovoid structures consisting of a central core of sensory and
sustenacular cells surrounded by follicular (sheath) cells (Berkhoudt, 1985). Reports
of the number of taste buds possessed by chickens vary, probably because of dif-
ferences in measurement technique, age and strain. A maximum of 250-350 taste
buds have been found in adults (Berkhoudt, 1985), up to double the number found
in day-old chicks. This age-related increase in sensitivity contrasts with the reduc-
tion in mammalian taste bud numbers with age. Nevertheless, the number of taste
buds is small compared to mammals (e.g. humans have 9000 taste buds (Kare and
Mason, 1986)), with the result that birds are attributed with poor gustatory acuity.

The chicken'’s taste buds are located in the palate, on the tongue and on the
floor of the mouth, and they may be freely distributed in the oral mucosa or, more
commonly, in close association with the salivary glands (Gentle, 1971). Their ori-
entation in narrow rings around salivary gland openings highlights the importance
of saliva in mediating taste responses (Berkhoudt, 1985). This notion is supported
by reports that changes in salivary flow (as a result of zinc deficiency) affect taste-
mediated behaviour (Gentle et al., 1981).

The innervation of taste buds is complex, with different nerves serving differ-
ent areas of the mouth. In the chicken, the lingual branch of the glossopharyngeal
nerve (Berkhoudt, 1985), the palatine branch of the facial nerve (Krol and
Dubbeldam, 1979) and the chorda tympani (Gentle, 1984) all carry taste (and cuta-
neous) information. Physiological and behavioural studies of tastants (usually pre-
sented in aqueous solution) show that chickens detect and respond to the main
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taste categories: sweet, salt, sour and bitter. Unfortunately, very few studies have
applied biologically relevant taste stimuli.

Naturally granivorous birds, like chickens, seem indifferent to sugars presented
in food (dextrose and sucrose up to 25%; Kare and Medway, 1959) and reject
strong (30%) solutions of sucrose, fructose and glucose (Gentle, 1972) and sac-
charin (Kare and Mason, 1986). However, modest preferences have been reported
for natural sugar solutions over water (Gunther and Wagner, 1971; Gentle, 1972,
1975; Kare and Mason, 1986). Domestic fowl can taste salts and will not drink
sodium chloride solutions hypertonic to their body fluids, having a low tolerance
compared to species with nasal salt glands (Berkhoudt, 1985). Young chicks are
even more sensitive, and will only accept NaCl solutions up to 0.9% (Pick and
Kare, 1962). Domestic fowl maintained on deficient diets exhibit specific appetites
for sodium or calcium to correct their intake (Hughes and Wood-Gush, 1971),
which are presumably at least partly mediated by taste. These abilities are poorer
in domestic fowl than in their wild ancestors, the jungle fowl (Kare and Maller,
1967). Chickens also detect sourness, produced by acid or alkaline solutions
(Gentle, 1983); mineral acids are tolerated more than organic ones (Fuerst and
Kare, 1962); and aversion to acid solutions can be diminished by the addition of
glucose (Gentle, 1972). Many bitter compounds are unpleasant at low concentra-
tions, and quinine hydrochloride, a commonly used standard bitter stimulus in
mammals, is also rejected by chickens and provokes a strong neural response
(Gentle, 1975, 1976). However, some tastants perceived as bitter by man, e.g.
sucrose octacetate, are accepted by chickens, while dimethyl anthranilate, a
flavouring used in human foods, is aversive and reduces food intake (Kare and
Mason, 1986). Although no clear characteristic responses to neutral or palatable
taste stimuli have been observed (Gentle and Harkin, 1979), aversive oral stimu-
lants produce characteristic responses including head shaking, bill wiping and
repetitive tongue and beak movements (Gentle, 1975).

Interestingly, temperature affects chickens’ ingestive behaviour. They readily
accept cold water, but liquids above ambient temperature cause hesitance and
those above body temperature are rejected (Gentle, 1979; Kare and Mason,
1986). It should be borne in mind that birds’ selection of food may be strongly
influenced by temperature, visual properties and surface texture (Mason and
Reidinger, 1983; Kare and Mason, 1986). Furthermore, individual variations in
taste preferences and test context can also affect the observed response (Kare and
Mason, 1986; Mason and Clark, 2000). Clearly chickens can taste, but they may
not perceive similar sensations to humans, as illustrated by the dissimilar responses
to sweet and bitter compounds. The presence and position of the choana, a large
opening in the palate leading directly to the nasal cavity, implies a possible role for
retrograde olfaction in the avian taste experience (Berkhoudt, 1985; Mason and
Clark, 2000).

WELFARE IMPLICATIONS

Clearly, the laying hen possesses sensory systems that detect and distinguish chem-
ical cues in its environment. It seems reasonable to assume that factors that
activate or disrupt these systems (particularly over long periods) might impact
on welfare. Studies related to welfare have concentrated on two issues, aerial
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pollution in poultry houses (mainly ammonia exposure) and gas (controlled atmos-
phere) stunning. These are reviewed below. The possible role of olfaction and/or
gustation in the development of feather pecking is also briefly discussed. Studies of
the role of ‘olfactory therapy’ in environmental enrichment are more fully
described elsewhere (Jones and Roper, 1997; R.B. Jones, 2002, see also Chapter
20 in this volume).

Aerial Pollution in Poultry Housing

Poor air quality in poultry housing can be generally attributed to an emphasis on
ventilation systems which control the thermal environment but fail to prevent accu-
mulation of aerial pollution consisting of particulate, gaseous and biologically active
components (Wathes et al., 1983, 1997). Pollutants are the products of animal
respiration, microbiological decomposition of manure and airborne dust from litter,
food and the animals (Harry, 1978, Wathes et al., 1983). Gaseous aerial pollu-
tants are diverse and include carbon dioxide, methane, nitrous oxide, hydrogen sul-
phide and ammonia (Wathes et al., 1991; Wathes, 1998). Of these, ammonia is
the most abundant and, arguably, the most harmful. A potent water-soluble irri-
tant, airborne ammonia is rapidly absorbed in the upper airways; at higher con-
centrations it can also adversely affect the lower respiratory system. Dermal and
ocular irritation, decreased food intake, reduced growth and increased propensity
to respiratory disease have all been associated with keeping poultry in highly
ammoniated environments (Kristensen and Wathes, 2000).

The amount of ammonia experienced by laying hens may depend on several
factors such as the housing system, management, and, to a certain extent, the
point in the production cycle (Groot Koerkamp et al., 1998). Typical ammonia
measurements vary, but in cage systems have been reported in the range 9-4 parts
per million (ppm) (Maghirang et al., 1991) and 33-53 ppm (McQuitty et al.,
1985). Generally, somewhat higher average concentrations are found in broiler
houses (mean 27.1 ppm, max 56.3 ppm) than layer accommodation (mean 11.9,
max 67.1 ppm, cage system; mean 8.3, max 63.9 ppm, perchery/deep litter),
although these figures show that laying hens may have to endure higher maximum
levels, presumably short-term exposures (Groot Koerkamp et al., 1998).

Current guidelines and limits for aerial pollutants such as ammonia are
designed to help control environmental emissions and protect poultry workers and
there are no specific livestock recommendations. Recommended human occupa-
tional exposure limits for ammonia are 25 ppm for up to 8 h and 35 ppm for
short-term exposures up to 15 min (Health and Safety Executive, 2002). In addi-
tion to welfare insults such as respiratory disease or severe keratoconjunctivitis
(Kristensen and Wathes, 2000), the general implications of keeping poultry in
heavily polluted environments are a growing concern. Before these can be
assessed, it must be determined whether pollutants can be detected by chickens
and, crucially, if acute or chronic exposure to them is aversive or even painful.
These questions are particularly pertinent for laying hens that, compared to broil-
ers or even finishing pigs, have a relatively long production life.

There is good evidence that both broilers and layers can detect, and avoid,
ammoniated environments. When given free choice between identical chambers
nominally containing 0, 25 or 45 ppm ammonia, adult laying hens displayed a
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relative preference for the fresh air compartment but they did not differentiate
between the 25 and 45 ppm atmospheres and aversion to the polluted compart-
ments was not immediate (Kristensen et al., 2000). Using broilers, Jones (2002)
showed that mean visit duration in a series of chambers containing different
ammoniated environments was directly related to ammonia concentration (0 ppm,
37 min; 10 ppm, 28 min; 20 ppm, 20 min; 40 ppm, 15 min). These delayed pref-
erences suggest that ammonia concentrations as low as 10 ppm are perceived (and
avoided), but the fact that birds spent any time at all in polluted compartments
throws doubt on the role of immediate chemosensory perception and protective
reflexes in mediating these responses. Although occupancy of all the available
aerial environments may be related to exploratory tendencies and the costs of
moving between compartments, delayed aversion may result from feelings of
‘malaise’, perhaps as a result of alterations to blood acid-base balance (Kristensen
et al., 2000; Jones, 2002). McKeegan et al. (2004) examined the overt behav-
ioural responses of hens to acute (7 s) pulses of ammonia at (5, 10, 20, 40 and
100 ppm), and found evidence of chemoreception (e.g. interruption of ongoing
behaviour, mandibulation) at 5 ppm, and avoidance reactions (e.g. struggling, eye
shutting) at 20 ppm and above. In the light of these findings (and the electrophys-
iological results detailed below), it seems unlikely that the ammoniated compart-
ments in the above choice chamber experiments were not instantly perceived.
Whatever the mechanism, these findings provide clear evidence of aversion to
ammonia at relatively low levels (by commercial standards). Further, the report
that chickens moved through an increasingly weighted door to leave an ammoni-
ated (40 ppm) environment and that aversion responses were unaffected by
previous experience of ammonia adds weight to the welfare argument (Jones,
2002).

While behavioural studies are very useful in determining birds’ preferences,
they do not identify the sensory systems mediating perception and avoidance.
Odorous, irritant gases such as ammonia have the potential to be olfactory, trigem-
inal or combining stimulants (or may even be perceived as a tastant, particularly at
high concentrations). Recent electrophysiological studies allowed us, for the first
time, to begin identifying the precise physiological systems involved in hens’
responses to biologically (and commercially) relevant gases. For example,
McKeegan et al. (2002a) determined hens’ olfactory responses by recording the
activity of single olfactory bulb neurones to a range of ammonia concentrations.
Response thresholds ranged from 2.5 to 60 ppm, with a median of 3.75 ppm,
well within ammonia concentrations reported commercially. Variations in response
magnitude of single neurones with even small step changes in ammonia concen-
tration were also observed, illustrating the sensitivity of the system. In an attempt
to mimic the chronic exposure experienced by hens in polluted housing systems,
the experiment was repeated using birds that had been continuously exposed to
20 ppm ammonia for 12 days. While overall response types and magnitudes were
similar to those seen in ‘naive’ birds, the median olfactory bulb neurone response
threshold increased from 3.75 to 10 ppm (D.E.F. McKeegan et al., unpublished).
Although the mechanism behind this increase can only be speculated upon, such
changes show that prolonged ammonia exposure alters olfactory processing and
could affect welfare.

Nasal trigeminal thresholds have been determined by recording the responses
of single polymodal nociceptors from the ethmoidal nerve to acute ammonia
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exposure. Nociceptors preferentially respond to noxious (potentially tissue-damag-
ing) stimuli. These receptors exhibited a range of thresholds (from 190 to
6250 ppm, mean 2320 ppm), and the clear concentration-related responses indi-
cated that information about both the presence and the amount of ammonia in the
environment is transmitted (McKeegan et al., 2002b). However, the thresholds
recorded here suggest that ammonia pollution in poultry houses is unlikely to cause
nasal pain. Ongoing studies suggests that trigeminal nociceptive thresholds for
ammonia in the buccal cavity are considerably higher than nasal thresholds (D.E.F.
McKeegan and M.J. Gentle, unpublished). The ocular mucosa, however, may have
a lower nociceptive threshold than the nose (Comettomuniz and Cain, 1995), and
eye irritation and pain resulting from pollutant exposure cannot be ruled out.

Although the trigeminal system is the source of irritation responses, it is not
clear whether irritation is caused by low-level activation of nociceptors or whether
a separate group of receptors is involved. Although ‘irritation receptors’ have
never been described in any species, available nociceptive thresholds in various
studies seem high compared to the levels of irritants known from psychophysical
studies to cause discomfort to humans. A few neurones responding to ammonia in
the range 5-100 ppm have been recorded from the ethmoidal nerve of the hen
(D.E.F. McKeegan et al., unpublished), and these merit further investigation as a
potential source of irritation responses.

Collectively, available behavioural and electrophysiological findings strongly
suggest that keeping laying hens in environments polluted with ammonia is likely
to harm their welfare. Ammoniated environments appear to be aversive, and pro-
longed supra-threshold pollutant exposure may be associated with loss of olfactory
ability, either by damage to the olfactory epithelium, by an increase in mucus secre-
tion, or simply as a result of ammonia preferentially occupying olfactory receptors
and masking other odours. These effects could disrupt essential behaviours such as
food location, the identification of familiar environments, and even social interac-
tions. In the absence of specific recommendations for poultry, the only current
route for improvement is to reduce human occupational exposure limits and
thereby effectively reduce livestock pollutant exposure. Even to protect human
health, there is evidence that current exposure limits are too high and should be
revised downwards, with levels of 10 ppm ammonia and lower (Jones, 2002;
Wathes et al., 2003) considered desirable to promote poultry (and poultry worker)
welfare.

Controlled Atmosphere Stunning

Controlled atmosphere (gas) stunning is an attractive prospect for improving the
welfare of poultry at slaughter, as it avoids the need for live shackling, a stressful
and painful procedure (Gentle and Tilston, 2000). Instead, the birds are conveyed
directly from their transport crates into the gas environment and are then shack-
led when unconscious. Gas stunning also eliminates the possibility that some birds
will not be stunned adequately before bleed-out as well as the negative effects of
electrical stunning on carcass quality, e.g. muscle haemorrhages and broken bones
(Hoen and Lankhaar, 1999).

The gas stunning methodologies available can be summarized as follows:
anoxia — the replacement of oxygen by argon or nitrogen; hypercapnic anoxia —
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application of mixtures of argon and carbon dioxide (CO,); hypercapnic hypoxia
— use of high levels of CO, (>80%); and hypercapnic hyperoxygenation — a com-
bination of high levels of oxygen and CO, (e.g. 40% CO, and 30% oxygen) (Raj
and Tserveni-Gousi, 2000, Barton Gade et al., 2001). Some ‘multiphase’ systems
use combinations of these approaches, such as hypercapnic hyperoxygenation to
induce unconsciousness in an anaesthetic phase, followed by hypercapnic hypoxia
to prevent consciousness being regained (Barton Gade et al., 2001). In the UK,
most attention has been given to anoxia-based systems, whereas multiphase
systems have received more interest in continental Europe. Generally, these
systems have been developed for broiler processing but they could also be applied
to the slaughter of spent hens.

While these systems offer several welfare and meat quality benefits, the extent
to which conscious birds are exposed to potentially aversive gaseous environments
in these systems remains unclear. This uncertainty has contributed to legislative
inertia and means that while gas stunning is not forbidden, it is yet to be specifi-
cally approved in many European countries. Knowledge of chemoreceptive
responses in poultry is essential to ensure that one potentially painful and distress-
ing slaughter method is not replaced with another.

Unlike exposure to pollutants such as ammonia, any negative chemosensory
sensations induced by gas stunning are likely to be transient, and in any case before
the bird loses consciousness. Behavioural responses to gas stunning mixtures
include gasping, headshaking, loss of posture (sometimes associated with attempts
to regain balance) and convulsions; their incidence varies between individuals and
the type of gases applied (Poole and Fletcher, 1995; Lambooij et al., 1999;
Gerritzen et al., 2000; Webster and Fletcher, 2001). For example, anoxic mix-
tures have been associated with increased wing flapping and convulsions (Lambooij
et al., 1999), while there is evidence that oxygen supplementation during hyper-
capnia minimizes signs of agitation and asphyxia (Coenen et al., 2000). It is diffi-
cult to define perception and to identify the precise sensory systems involved from
measurement of the above behavioural responses. Another complicating factor is
that reflexes such as gasping and respiratory distress indicate the involvement of
lower airway receptors, in addition to the potential activation of olfactory, trigem-
inal and gustatory receptors.

The use of CO, in gas stunning mixtures continues to be debated, since expo-
sure to this gas above certain levels is known to be painful in humans (Kobal,
1985). Although CO, is not an irritant, it is a commonly used nasal nociceptive
stimulus eliciting painful sensations in humans at thresholds of between 40% and
55% (Anton et al., 1992). The thresholds of hen nasal and buccal trigeminal noci-
ceptors to CO, are currently being investigated (McKeegan et al., 2002b; D.E.F.
McKeegan and M.J. Gentle, unpublished). Preliminary results suggest buccal
thresholds of 40-50%, similar to human experiences.

To eliminate the confounding factors of respiratory distress and eventual loss
of consciousness, a recent behavioural study examined hens’ responses to acute
(7 s) CO, exposure. Evidence of detection (interruption of behaviour, mandibula-
tion) was seen at low levels (10%), with gasping and headshaking appearing at
higher levels. Unlike their responses to ammonia, the hens seemed less able to
orient to the source of CO,, and did not avoid even high concentrations (80%)
Like all gases used for controlled atmosphere stunning, CO, is odourless and a lack
of olfactory sensitivity to CO, and argon has been confirmed electrophysiologically
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(no response in olfactory bulb neurones; D.E.F. McKeegan et al., unpublished). It
would seem that acute CO, exposure activates only the trigeminal (and possibly
gustatory) system, and that accurate orientation and avoidance depends on olfac-
tory cues (McKeegan et al., 2004).

While available information is incomplete, it would appear that gaseous envi-
ronments, especially those containing high levels of CO, (>40%), might reduce
welfare in the initial part of the gas stunning procedure. A full welfare assessment
of controlled atmosphere stunning cannot be made until pain and aversion thresh-
olds to a range of gas mixtures are defined. This work is under way.

Feather Pecking and Cannibalism

Feather pecking and cannibalism in laying hens remains a serious welfare and eco-
nomic problem in the egg industry, which is likely to be exacerbated by the planned
EU phase-out of traditional battery cages, since pecking problems tend to be more
difficult to control in alternative systems. Outbreaks of this damaging behaviour are
unpredictable and despite a large number of studies its complex, multifactorial cau-
sation is still not fully understood.

Savory and Mann (1997) first suggested that ingestion of feathers pulled from
other birds or moulted loose feathers from the floor might be related to the devel-
opment of damaging pecking. Feather eating is common in pen-housed pullets
during the growing period and this behaviour was positively correlated with the
extent of feather pecking and cannibalism after the onset of lay (McKeegan, 1999;
McKeegan and Savory, 1999). In an attempt to ascertain what makes the feathers
of other birds attractive as a substrate for pecking, and what encourages feather
ingestion (eaten feathers are not digested and have no nutritive value), McKeegan
and Savory (2001) asked if the presence of odoriferous preen (uropygial) oil on the
surface of the feathers was influential. In support of this idea, feathers around the
preen gland seem to be particularly targeted when pecking first takes place (Savory
and Mann, 1997, 1999). When hens were offered loose conspecific feathers that
were either untreated or washed (to remove preen oil), individuals both with and
without a previous history of feather pecking ate more unwashed feathers
(McKeegan and Savory, 2001). Thus, preen oil on feathers may provide attractive
olfactory and/or gustatory cues. Recently, Sandilands et al. (2004) found differ-
ences in the fatty acid composition of preen oil from pecked and non-pecked hens.
It is conceivable that such differences might explain the common observation that
some birds are targeted for pecking while others remain unharmed (Savory, 1995).
Further studies are necessary to determine what aspects of preen oil, if any, con-
tribute to the attractiveness of conspecific feathers, and whether this information
can be used to improve our understanding of how feather pecking develops.

CONCLUSIONS

Behavioural and physiological evidence that chickens have well-developed systems
allowing perception of the chemical environment (particularly via olfactory and
gustatory cues) has been available for some time. Only recently, however, has this
knowledge been applied and extended to investigate how current husbandry
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practices might activate or disrupt chemosensory systems. The examples described
here illustrate that all the chemical senses can respond to stimuli experienced in
routine commercial contexts. Mounting evidence that chemosensory cues are of
importance to the chicken means that we must consider the impact of the chemi-
cal environment when making welfare recommendations in modern production
systems.
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CHAPTER 15
Vision in the laying hen

N.B. Prescott, J.R. Jarvis and C.M. Wathes
Silsoe Research Institute, Wrest Park, Silsoe, Bedfordshire MK45 4HS, UK

ABSTRACT

It is important to consider the hen’s vision when judging how dim artificial lighting may
affect her welfare. Inappropriate lighting might constrain the quantity or quality of
visual information available to the bird or adversely affect the functional development
of vision. It seems reasonable to suggest that lighting in poultry houses should allow the
development of normal vision and allow hens to see well enough to carry out critical
visual tasks. Understanding vision will highlight variances between the hen’s visual abil-
ities and the light environment provided. Various visual abilities are important. The
colour (spectral) sensitivity of the hen is known and this has implications: first, for how
brightness is measured in units relevant to a hen; second, how hens perceive notionally
(to humans) white light; and third, implies that the provision of ultraviolet light in poultry
houses may be beneficial. Some have argued that the 100 Hz flicker from fluorescent
lights might affect poultry welfare in a similar manner to the effects that visible flicker
have on humans, but in fact it is known that hens do not perceive the flicker from flu-
orescent lights. Ocular accommodation, buphthalmus or other abnormalities may be
affected by the brightness and photoperiod of the rearing light environment, although
the extent of these in laying hens housed under commercial lighting regimes is unclear.
The effect of the light environment on spatial acuity is unknown, although it will deter-
mine the level of structural information that can be extracted from a visual scene.
Whether or not hens possess any sensitivity to polarized light is also unknown, although
its existence in other bird species is contentious. Artificial light is not polarized, but if
hens have some sensitivity to it, its inclusion in poultry houses may have some bene-
fits. Recent work indicates that pupil size fluctuations may indicate the salience of
images to a hen and could provide a novel means for behavioural and welfare research.
While knowledge of vision in the laying hen is deep in places, other areas need further
exploration to understand fully the consequences, if any, of currently operated, com-
mercial light environments.

INTRODUCTION

This chapter considers pertinent features of the avian visual system that may have
relevance to welfare. The interaction between lighting, vision and welfare has been
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reviewed recently by Prescott et al. (2003). A review of the structure of the
chicken’s eye can be found in King-Smith (1971).

THE HEN’S EYE, VISUAL FIELDS AND VISUAL ASYMMETRY

The chicken’s field of view is approximately 300° with only a 30° overlap in which
binocular vision could occur; this is characteristic of prey rather than predator
animals. A hen’s eye is relatively immobile in its socket, so large changes in view
are attained by swift head movements aided by a long, flexible neck and lightweight
head. Monocular (lateral) and binocular (frontal) vision project to the brain along
the retino-thalamic and retino-tectal pathways, respectively (Giinturkiin, 1993).
Since there is little cross-over of the retino-thalamic pathways from each eye, and
since the brain’s hemispheres are relatively poorly connected, monocular images
from the right eye arrive and are processed in the left hemisphere and vice versa.
Binocular vision, via the tectofugal pathway, probably involves both hemispheres
utilizing specific ‘cross-over’ projections.

Hens also exhibit specialized lateralization of visual function. The left eye (right
brain hemisphere) is preferentially involved in the analysis of novelty and spatial
configuration of the environment (Rashid and Andrew, 1989; Vallortigara and
Andrew, 1991), which is more noticeable in males than females (e.g. Workman
and Andrew, 1989). The right eye (left hemisphere) appears to be involved in con-
specific recognition (Andrew and Dharmaretnam, 1993).

The hen’s eyes are comparatively large and of similar weight to the brain. The
visible portion belies their actual size and shape; an adult hen’s eye is approxi-
mately 17 mm wide, 14 mm deep and is surprisingly ‘flattened’. This flattening
may allow an image to be focused across a wider area of the retina than for
‘rounder’ eyes (King-Smith, 1971) or may simply be a space- and weight-saving
adaptation (Martin, 1993). However, a flattened shape has the potential problem
of creating a small, albeit bright, image and as light levels dim, Martin (1982)
argued that pooling of signals (summation) from individual photoreceptors
becomes less effective than for larger eyes. This is because the image is projected
over a greater number of receptors in larger eyes and summation becomes more
effective as the number of available photoreceptors increases. One consequence
may be that although the human eye works over an astonishing 11 orders of mag-
nitude, the dimmest orders may be unavailable to hens.

VISUAL FUNCTION
Spectral Sensitivity

Hens have a number of adaptations to their colour perception apparatus that are
not shared by humans. First, they have three types of photoreceptor compared
with just rods and cones in humans (King-Smith, 1971). The additional photore-
ceptor is a double cone; its function is unclear though it does respond to incident
light. Second, hens have four photoreactive pigments associated with cone cells,
which are responsible for photopic colour vision (Yoshizawa, 1992), compared
with three in humans; these are maximally sensitive at wavelengths of 415, 455,
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508 and 571 nm versus 419, 531 and 558 nm in humans (Dartnall et al., 1983).
Third, coloured oil droplets in the tips of the hen’s cone cells filter incident light
before it reaches the photoreactive pigments, and these are associated variously
with individual cone cell species (Bowmaker and Knowles, 1977). The spectral sen-
sitivity curve derived for chickens by Prescott and Wathes (1999) using a behav-
ioural test differs from that of the human: the relative response is broader and
ultraviolet A radiation (UV,; 320 < A < 400 nm) can be perceived (Fig. 15.1).
The overall effect of these anatomical differences is a visual system that is well
adapted to collecting spectral information. However, the penalty may be that a
high illuminance is required for the system to work to its full potential.

The implications of the chicken’s spectral sensitivity are threefold. First, the
unit with which we have traditionally measured illuminance in poultry houses, the
lux, is inaccurate because it will not correlate well with the perceived brightness of
different light sources, since it uses human spectral sensitivity. Using the traditional
view that brightness perception is based upon the sum of the individual cone
responses, we calculate that for typical fluorescent and incandescent luminaires illu-
minated to the same lux level — and consequently iso-luminant for humans — chick-
ens would perceive the incandescent bulb as ~20% brighter than the fluorescent
tube. Alternative units for measuring chicken-perceived illuminance, the ‘clux’ or
‘galluminance’, were derived by Prescott and Wathes (1999) and Nuboer et al.
(1992a), respectively. However, it is also conceivable that the double cone has a
more prominent role in luminance perception (Osorio et al., 1999). Second, the
range of available wavelengths emitted from luminaires may constrain the flow of
colour-mediated information, e.g. if social information is imparted by the redness
of a bird’s comb, such as fitness as a mate, then a fluorescent light that emits little
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red light would hinder transmission of this visual cue. Incandescent luminaires,
however, would allow efficient transmission. Third, artificial luminaires produce
little, if any, UV, radiation, which is biologically relevant in poultry species; its
inclusion in conventional lighting along with other measures may help control
feather pecking in turkey stags (Lewis et al., 2000) and mediate mating behaviour
and mate choice in broiler breeder fowl (Jones et al., 2001).

Flicker Sensitivity

Flicker sensitivity is less well understood than spectral sensitivity. Both conventional
and compact fluorescent luminaires flicker at either 100 or 120 Hz in Europe and
North America, respectively. The light flux change is approximately symmetrically
sinusoidal in response to the alternating current (AC) supply, but often becomes
progressively less symmetrical as the luminaire is dimmed, which is possible for all
conventional but only some compact luminaires. Using a psychophysical method,
Nuboer et al. (1992b) found that some hens perceived blue light (A = 476 nm) flick-
ering up to 105 Hz but were less sensitive for other colours. The maximum fre-
quencies perceived by humans are usually around 50-60 Hz (Brundrett, 1974).
Recently, Jarvis et al. (2002) found that hens cannot detect 100 Hz flicker at
100 Ix, but may be able to at much higher illuminances. In a tightly controlled
experiment, Boshouwers and Nicaise (1992) found that at 90 Ix, broilers exposed
to 100 Hz flicker exhibited less ‘activity’ than controls exposed to 26 kHz. This
finding is contrary to the work of Jarvis et al. (2002) but may reflect supra-thresh-
old effects, significant deviations from sine-wave flicker or some other effect. At an
illuminance of approximately 14 Ix, however, Widowski and Duncan (1996) found
that hens had no preference for fluorescent light flickering at a low (120 Hz) or
high frequency (20-60 kHz). In two other studies, hens preferred dim fluorescent
over dim incandescent lighting (Widowski et al., 1992; Sherwin, 1999), although
their preferences may have been influenced by the different colour characteristics
of the light sources. From the limited information available, we see no reason to
recommend a change from low to high frequency fluorescent lighting with respect
to the bird’s comfort, for two reasons. First, hens have no sensitivity to 100 Hz
flicker at the illuminances and modulation depths typically found commercially.
Second, three out of four preference tests showed no evidence of aversion, and
the interpretation of the remaining one is not clear.

An interesting feature of the Jarvis et al. (2003) study is that the mechanistic
modelling approach adopted allows the various components that combine to deter-
mine the hen’s overall flicker sensitivity to be quantified and compared with other
species. This study showed that, like all animals studied in such depth, the hen’s
sensitivity is characteristically ‘tuned’ to frequencies around 10 Hz, with decreas-
ing sensitivity in either direction from this value (Fig. 15.2). It is difficult to under-
stand why this tuning is so developed, but since flicker sensitivity is closely related
to motion perception, it may be some artefact of that system.

Compared to humans, the generally reduced sensitivity at all frequencies indi-
cates inferior post-retinal signal-to-noise performance. The comparable high fre-
quency sensitivity indicates that the peripheral (retinal and optical) properties of the
eye function similarly in this respect. The degree of tuning, higher for chickens
than humans, and the preservation of high frequency sensitivity indicates an animal
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attuned to transience or movement in its visual environment, presumably a useful
adaptation for one whose ancestors may have flown or who is predated upon by
a wide array of predators.

Accommodation

In order to focus images on the retina, the eye must refract light rays. A greater
degree of refraction is necessary to view near than distant objects: the degree to
which an eye can adjust its refractive power is called the accommodative range
(usually measured in dioptres, D). In poultry, because the eye is relatively small and
the viewing distance is often very short (50-60 mm perhaps), the refraction of the
eye must be very powerful if the image is to be clearly focused upon the retina.
Two mechanisms may facilitate this. In humans and hens the lens can thicken via
the action of the ciliary muscle, accounting for around a +8 D change in refractive
power. In hens, but not humans, the cornea can also ‘bulge’, increasing the refrac-
tive power by a further +8 D (hens: Schaeffel and Howland, 1987; humans: Pugh,
1988).

In hens, accommodative range is enhanced by lower field myopia, allowing
objects in this field to be focused upon the retina at small viewing distances, e.g.
potential food items on the ground, as well as distant objects in the upper visual
field, e.g. predators (Schaeffel et al., 1994). This effect amounts to a difference
between lower and upper field refractive power of around 8 D for 6-day-old chicks,
declining to around 4 D by 28 days.

The interaction between lighting and accommodation is important because



[160

N.B. Prescott et al. |

light stimulation during rearing can affect the ability of the eye to accommodate. As
animals grow, their eyes enlarge, which means that their refractive power must also
change to maintain emmetropia (the absence of refractive error). One theory sug-
gests that the regulation of eye growth is involved with diurnal rhythms of ocular
elongation, perhaps mediated through the retinal neuromodulator dopamine (Nickla
et al., 1998). Abnormal photoperiods can cause very high refractive errors to
appear in chickens (e.g. Stone et al., 1995) as well as cataracts and other retinal
damage. Clearly, poultry that are reared in conditions that could induce refractive
error will be less able to extract important visual information from their surround-
ings. For example, they may be unable to navigate around a large poultry shed or
recognize a threat in time to take evasive action. Equally, rearing environments that
induce abnormal sensory development or damage are ethically questionable.

Spatial Acuity

Acuity is a measure of spatial resolution or the level of detail detected in visual
images. It is determined largely by the clarity and precision of the optical system
and the density of rod and cone cells in the retina. Acuity falls rapidly once the far
and near limits of accommodation are exceeded. In chicken, acuity is poorer (e.g.
DeMello et al., 1992) than for humans (Spence, 1934). In crude terms, at the
human'’s near-point (approx. 12.5 cm from the eye), black bars of 70 um in diam-
eter, and separated by 70 um, could only just be resolved against a white back-
ground. At the hen’s near-point (assumed to be approximately 5 cm), black bars
of 170 um diameter could just be discriminated. The two- or threefold better
human acuity at the near-point reflects the action of the specialized fovea which,
however, only accounts for a small fraction of the retina. Non-foveal acuity in
humans falls rapidly as distance from the fovea increases. Hens also possess an
area of high cone cell density (area centralis), that probably discerns detail,
although it is less specialized than a fovea (Morris, 1982). This area has two exten-
sions as mapped from the subserving ganglion cell density. The central extension
receives images from just above the central point of that eye’s hemispheric field of
view (the central field) and may be used for detailed imaging of objects in the upper
visual field, e.g. potential predators. The lateral extension extends from this, receiv-
ing images from a band running slightly downwards towards the beak (into the
infero-frontal field), and it may image objects in the lower myopic field, e.g. food
(Ehrlich, 1981). The limited reduction in ganglion cell density with increasing
eccentricity from this region implies a less severe reduction in acuity than that
encountered in humans. This may mean that although the maximum spatial acuity
is very much higher for humans than hens, the mean spatial acuity around the
whole field of view may be similar for the two species or even better for chickens.
This, coupled perhaps with a much wider, focused visual field, suggests a radically
different means of monitoring the environment.

Polarized Light Sensitivity

Light becomes polarized when the randomly oriented electric fields of the photons
are selectively filtered. This occurs as unpolarized sunlight passes through
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the earth’s atmosphere or is reflected from a non-metallic shiny surface. Sensitivity
to the polarization of light may help an animal to orient, since the pattern of polar-
ization in the sky alters predictably as the position of the sun changes and is even
visible through cloud (Land and Nilsson, 2002). Equally, the glare from water, wet
or shiny surfaces can be reduced with a polarizing filter and this can aid the dis-
crimination of cryptically hidden prey (Shashar et al., 1998). Humans have no dif-
ferential sensitivity to the orientation of polarized light, although good evidence
exists for its presence in invertebrates. The evidence is more controversial in birds,
e.g. Kreithen and Keeton’s (1974) claim that pigeons are sensitive to polarization
was not supported elsewhere (Vos Hzn et al., 1995). It has been hypothesized that
the double cone, ubiquitous amongst fish, reptiles, amphibians and birds, could
offer a mechanism for the detection of polarized light (Cameron and Pugh, 1991).
Artificially lit environments contain little polarized light, but if hens can be shown
to possess such sensitivity then its inclusion in poultry sheds may confer some
welfare advantage to them.

The Role of the Pupil

One role of the pupil is to control the light flux reaching the retina, which is medi-
ated through mid-brain pathways. In hens, however, its role in controlling light flux
seems relatively modest (Barbur et al., 2002), with large changes in light flux gen-
erating only small changes in pupil size. The response, though, is approximately
four times faster in chickens than humans, probably due to the ‘fast’, striated iris
muscle type in birds versus the ‘slow’, smooth iris muscle in humans. In humans
and other animals, however, there is also some control of pupil size through
‘higher’ pathways, e.g. fluctuations were reported in response to structure, colour
and movement, independent of brightness changes (Barbur et al., 1992) and can
be seen in response to potent emotion (surprise, fear, lust). We do not know how
the pupil changes in response to emotion but this evidence of higher-order control
suggests that simple pupillometric techniques may be a readily quantifiable means
of measuring the significance of visual stimuli to hens.

CONCLUSIONS

Light is an important stimulus in the confines of environmentally controlled hen
houses. Although production consequences of various lighting regimes have been
extensively studied, corresponding work on welfare of the hen is lacking. One
concern is that current light environments may impose some sensory deprivation
on the hen, rendering aspects of her vision redundant. The harmful consequences
of brighter lighting on feather pecking and cannibalism are well known but it may
be possible, with a better understanding of the hen’s vision and of feather pecking,
to provide light environments that minimize feather pecking while safeguarding
other aspects of welfare. If hens could be reared under natural light, perhaps with
some supplementation for those times of the year when the photoperiod is
not conducive to development or laying, then most lighting concerns could be
alleviated.
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CHAPTER 16
Pain and the laying hen

M. Gentle and S. Wilson
Roslin Institute (Edinburgh), Roslin, Midlothian EH25 9PS, UK

ABSTRACT

Pain in animals can best be defined as ‘an aversive sensory experience caused by actual
or potential injury that elicits protective motor and vegetative reactions, results in
learned avoidance, and may modify species-specific behaviour, including social behav-
iour’. Freedom from pain is essential for animal welfare. The ability to respond in an
appropriate manner to aversive environmental stimuli is a basic characteristic of
animals. Noxious stimuli excite cutaneous receptors (nociceptors), leading to reflex or
non-reflex behavioural responses. While nociceptor activity cannot in isolation be con-
sidered indicative of pain, there is a clear relationship between nociceptor responses
and pain experienced in humans. In animal studies of pain, it is necessary to combine
nociceptive information with a range of behavioural and physiological measurements in
order to estimate the probability of pain. In the life of a modern commercial hen, pain
is likely to arise from acute traumatic injury caused by shackling, beak trimming or
skeletal fracture, or from chronic pain caused by disease.

Nociceptors, the most common of which were mechanothermal nociceptors, have
been identified and physiologically characterized in the chicken beak, wattles, scaly
skin, joints, mouth and nasal cavity. These send information to the CNS via small
unmyelinated nerve fibres (C-fibres) and have differing properties according to location;
those in the beak have lower thermal but higher mechanical thresholds than those in
the scaly skin. A second group of mechanothermal nociceptors, the small myelinated
A-delta fibres, occur in both the scaly skin and joints of the chicken and are similar to
those only previously reported in the hairy skin of humans and primates. The combi-
nation of these nociceptors is thought to be responsible for a double pain sensation;
the A-delta fibres being responsible for the immediate pain sensation and rapid reflex
response to the stimulus while the second, qualitatively different pain sensation modu-
lated by the slower C-fibres would prevent repetition. The nociceptors in the chicken
ankle joint show little spontaneous activity or response to normal flexion or extension
but respond to excessive lateral or rotational movements, thus serving as protection
against joint damage.

The forces applied to the legs of chickens during shackling have been shown to
exceed the mechanical threshold required to excite the C-fibre mechanothermal noci-
ceptors in the skin of the leg. Stimulus response curves for these nociceptors demon-
strated that the maximum response in 63% of these was below the force applied in
shackling, providing evidence that the process is likely to be painful.
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The initial pain resulting from beak trimming probably lasts for between 2 and 48 s
and is followed by a pain-free period of several hours. Thereafter, the painful conse-
quences of beak trimming vary according to the age at which the procedure was con-
ducted. If beak trimming occurs before 10 days of age, pain-related behavioural
changes do not occur immediately; pecking is not reduced 6 h post-procedure but is
reduced significantly by 26 h. Beak trimming in adults has more pronounced effects.
Both beak-related and non-beak-related activities are affected for at least 5 weeks post-
procedure. Electrophysiological recordings from the beak stump support this; in the
weeks following beak trimming, large numbers of spontaneously active nerve fibres
were recorded. There was no beak regeneration and extensive neuroma formation was
observed adjacent to the scar tissue at the end of the beak.

While skeletal fracture is common in laying hens, and pain following fracture in
humans is common, there is no published information on the electrophysiological or
behavioural responses to fracture. In view of the proposed ban on conventional cages,
and with the fact that skeletal fracture is more common in aviary systems, there is a
clear requirement for research on the welfare consequences of fracture in laying hens.

Although widespread spontaneous arthropathies leading to loss of locomotor func-
tion are more common in meat-type poultry than layers, the latter do develop gout,
bacterial and mycoplasma infections. The painful consequences of these conditions in
the chicken have been investigated in experiments involving intra-articular injection of
sodium urate or mycoplasma. After the injection of sodium urate, joint capsule C-fibre
nociceptors became sensitized and birds exhibited behavioural changes indicative of
pain, including one-legged standing, limping and sitting dozing, but rapidly returned to
normal following the injection of local anaesthetic into the treated joint. Injection of
killed Mycobacterium tuberculosis into the ankle joint produced a severe inflammatory
arthropathy with a pronounced synovitis together with destructive cartilage damage.
Recordings from the sensory receptors in the ankle joint showed that they were clearly
sensitized and that inflammatory arthropathies found in the chicken are likely to be
painful. This technique, when combined with quantitative gait analysis, showed that his-
tological and electrophysiological changes were accompanied by a quantifiable, severe
limp in the early stages (7-21 days after infection). At the more chronic stage of the
disease (49-56 days after infection), while pathological changes were still observed in
the joint capsule, the sensory fibres responded normally to mechanical stimulation and
joint movement, and gait analysis showed that the birds were not lame.

INTRODUCTION

Freedom from pain is essential for animal welfare, and this is especially important
in the laying hen when large numbers of animals are kept for long periods of time
in intensive husbandry conditions. The ability to respond in an appropriate manner
to aversive environmental stimuli is a basic characteristic of animals. Noxious
stimuli excite cutaneous receptors, which are preferentially sensitive to tissue-dam-
aging, or potentially tissue-damaging, stimuli and are referred to as nociceptors.
Their stimulation leads to reflex behaviour (Sherrington, 1947) or non-reflex
behavioural responses. The activity induced in nociceptors or in nociceptive neural
pathways should not always be considered as indicative of pain, but recordings
from cutaneous nociceptors in humans have shown a clear relationship between
the neural responses of cutaneous nociceptors and the pain experienced
(Torebjork et al., 1996). Pain has been defined by the International Association
for the Study of Pain (IASP, 1979) as: ‘An unpleasant sensory and emotional
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experience associated with actual or potential tissue damage or described in terms
of such damage’. Pain, therefore, is always subjective and, while it is a sensation
in part of the body, it is also an emotional experience. The subjective nature of
pain makes it a difficult concept to apply to animals because of the problem of
animal awareness and conscious feelings associated with it. Recent work in the
chicken (Gentle, 2001) has, however, provided information about the cognitive
perception of pain as well as evidence for consciousness. The detection and assess-
ment of pain in the bird does present a number of difficulties, not least of which is
that there is no universal indicator of pain. What can be done, however, is to
compare a range of physiological and behavioural measures with those changes
associated with pain in humans, and thereby arrive at an estimate of the probabil-
ity of pain in any given situation. Zimmermann (1986) proposed a working defini-
tion of pain in animals as:

An aversive sensory experience caused by actual or potential injury that elicits
protective motor and vegetative reactions, results in learned avoidance, and may
modify species-specific behaviour, including social behaviour.

This definition is not sufficiently comprehensive to help us to unambiguously deter-
mine whether or not an animal is in pain, but it minimizes subjectivity and provides
a framework for experimental studies of pain detection. The results of such studies
can be used to assess the painful consequences of current husbandry practices.
This chapter summarizes current behavioural and physiological evidence for
acute and chronic pain following traumatic injury and disease, together with pain
modulation through the use of analgesic drugs and endogenous mechanisms.

ACUTE TRAUMATIC INJURY

Nociceptors have been identified and physiologically characterized in a number of
different locations in the body of the chicken, including the beak (Gentle, 1989),
joints (Gentle, 1992), wattles (Gentle and Hunter, 1993), scaly skin (Gentle et al.,
2001), mouth (Gentle, 1979) and nasal cavity (McKeegan et al., 2002). The most
common type of nociceptor encountered in cutaneous tissues was the mechan-
othermal (polymodal) nociceptor. These receptors send their information to the
central nervous system in small nerve fibres lacking a myelin sheath (C-fibres),
probably arising from cutaneous free-nerve endings. They respond to both
mechanical deformation of the skin and heating by giving a slowly adapting
response. There also appears to be some functional specialization in that poly-
modal nociceptors have different properties in different areas of the body. For
example, those in the beak have lower thermal thresholds but higher mechanical
thresholds than those in the scaly skin of the leg (Gentle et al., 2001). In general,
however, mechanothermal nociceptors found in the chicken have physiological
properties which are similar to nociceptors found in mammals (Beck et al., 1974;
Beitel and Dubner, 1976; Lynn and Carpenter, 1982; Treede et al., 1995; Garell
et al., 1996).

More recently, a second group of mechanothermal nociceptors were identified
in the scaly skin (Gentle et al., 2001), which consisted of small myelinated nerve
fibres (A-delta fibres) with similar properties to the A-delta mechanothermal noci-
ceptors that have previously only been reported in the hairy skin of humans and
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primates (Campbell and LaMotte, 1983; Torebjork et al., 1996). The presence of
A-delta mechanothermal nociceptors in the bird has implications for the possible
pain experienced by the animal. In man, heat stimuli evoke a double pain sensa-
tion, with the first sensation being felt as a sharp pricking and the second as a
burning feeling (Lewis and Pochin, 1937; Campbell and LaMotte, 1983). The
latency to respond to first pain is too quick to be carried by the slowly conducting
C-fibres, and so the A-delta fibres are thought to signal first pain. The presence of
similar fibres in the chicken raises the possibility of double pain. The A-delta noci-
ceptors would be responsible for the leg withdrawal reflex, with an obvious func-
tion of maintaining the integrity of the leg. The second pain, modulated by the
C-fibres, would be qualitatively different and would prevent the animal from repeat-
ing the damaging action, thus reducing motility and promoting resting and healing.

Both C- and A-delta fibre nociceptors have been identified in the ankle joint
of the chicken (Gentle, 1992); they respond to mechanical stimulation of the joint
capsule but show little or no response to normal joint movement. If, however, the
joint is moved in a noxious range, especially lateral or rotational movements, then
these receptors respond with a prolonged, slowly adapting discharge. Like all noci-
ceptors, they show little or no spontaneous activity. These nociceptors therefore
do not signal movements of flexion or extension but rather signal rotational or
extreme lateral movements for which the joint is not designed and which could
result in joint damage.

Shackling

The shackling of commercial poultry prior to slaughter involves the insertion of
each leg into parallel metal slots and holding the bird inverted for a time. Sparrey
(1994) calculated that the resultant force on each leg of the bird, when inserted
into the shackle, could be 180 N applied over an area of 1 cm?. In broiler birds
the pressure required to compress the legs into shackles increases exponentially
with deformation and it requires four times as much pressure to compress a
14.5 mm diameter leg by 20% to fit into a 11.5 mm shackle, as it does to com-
press the same leg by 10% to fit into a 13 mm shackle. These forces acting over
relatively small areas of the leg may cause pain and distress to the bird (Sparrey
and Kettlewell, 1994). Measurement of the mechanical thresholds required to
excite the C-fibre mechanothermal nociceptors in the skin of the leg showed that
all of them responded below the forces present during shackling. Stimulus
response curves were obtained for a number of these receptors and in 63% of the
fibres tested the maximum response was below the force applied in shackling. In
conclusion, this level of activity in peripheral nociceptors would mean that shack-
ling is likely to be very painful (Gentle and Tilston, 2000).

Beak trimming

The partial amputation of the chicken’s beak (beak trimming), which is accom-
plished by a combination of cutting and cautery, is performed in commercially
reared poultry to prevent or control cannibalism and feather pecking.
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Acute pain following beak trimming

The initial pain resulting from the beak removal probably only lasts for about
2-48 s (Gentle, 1991) and this is followed by a pain-free period lasting several
hours (Gentle et al., 1991). Any prolonged painful effect of beak trimming
depends on the age at which the birds are trimmed. In an experiment where birds
were trimmed at 1 or 10 days of age, all of the beaks healed quickly, no scar tissue
was seen, and there was extensive regeneration of the beak tissue (Gentle et al.,
1997). In the first week after trimming there were some significant behavioural
changes observed but these differences were not large or consistent. For example,
trimmed birds were seen sitting/sleeping more often than control birds but there
were no differences in standing or walking and beak-related behaviours were very
variable (Gentle et al., 1997).

Pain-related behaviours do not develop immediately after trimming. Beak
guarding behaviour was measured by counting the number of pecks the birds deliv-
ered to an attractive visual stimulus before and again 6, 26 and 32 h after beak
trimming (Gentle et al., 1991). At 6 h after trimming the birds continued to peck
the same number of times at the stimulus but by 26 h after trimming there was a
significant reduction in pecking. These results indicated a pain-free period of
several hours immediately after trimming and this was confirmed by physiological
evidence. Electrophysiological recordings from sensory nerve fibres in the beak,
during and immediately after trimming with a heated blade, has shown that just
before the blade makes contact with the beak the sensory fibres begin to respond
(Gentle, 1991). During beak removal and for a period of 2-48 s after removal
there was a massive injury discharge in the nerve fibres, which is likely to be
responsible for the acute pain experienced at the time of removal. For several
hours after this injury discharge there was no further abnormal neural activity in
the nerve running to the amputated beak stump. This probably explains the pain-
free period observed in the behavioural experiments. Similar pain-free periods are
seen in humans after major traumatic burn injuries especially after full-thickness
burns (Stein and Stein, 1983; Robertson et al., 1985).

Chronic pain following beak trimming

Beak trimming in adult hens presents a very different picture to trimming in young
chicks. Behavioural changes, which could be interpreted as indicative of chronic
pain, have been observed for long periods after trimming. For at least 5 weeks
after trimming there was a significant reduction in the use of the beak for non-
essential activities such as preening and exploratory pecking (Duncan et al.,
1989). Other non-beak-related activities were also affected, with the birds showing
persistent increases in time spent inactive (Duncan et al., 1989). Eskeland (1981)
also observed inactivity and dozing but these results extended to 56 weeks after
surgery. Further evidence of pain-related beak guarding behaviour such as reduc-
tions in environmental pecking, beak wiping and head shaking comes from a study
where the birds were presented with drinking water ranging in temperature from
20 to 45°C (Gentle et al., 1990).

In addition to this behavioural evidence of guarding the painful stump of the
beak, there is physiological and anatomical evidence to support possible chronic
pain after beak trimming. Electrophysiological recordings from the nerves running
to the stump of the beak in the days and weeks following trimming show abnor-
mal features (Breward and Gentle, 1985). The most characteristic abnormality
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encountered was the presence of large numbers of spontaneously active nerve
fibres. This spontaneous activity was similar to that observed in experimental
neuroma preparations (Wall and Gutnick, 1974; Govrin-Lippmann and Devor,
1978; Scadding, 1981; Devor and Bernstein, 1982; Blumberg and Janig, 1984)
and is thought to be the basis for stump pain. In the healed beaks of birds beak-
trimmed as adults there was no beak regeneration and adjacent to the scar tissue
at the end of the beak there was extensive neuroma formation (Gentle, 1986). It
is likely, therefore, that these neuromas are responsible for the abnormal neural
activity seen in the afferent nerve fibres.

Skeletal Fracture

Osteoporosis and subsequent bone fracture in hens has been recognized as a
welfare issue for at least 15 years (Randall and Duff, 1988). The proposed cage
ban may exacerbate the problem because it has been demonstrated that perchery
systems result in a higher incidence of fractures than conventional cages (Gregory
et al., 1990). Although pain following bone fracture is common in humans (Yates
and Smith, 1995), the pathophysiology of the pain (particularly the responses of
orthopaedic nociceptors after injury) is not well understood. In poultry it is com-
monly found that humeral bone fracture is identified at post-mortem examination
despite no observed pain-related behaviour. There are no published descriptions of
pain-related behaviour following fracture in poultry. This absence of a clear behav-
ioural response following fracture cannot be taken as an indication that the birds
are not in pain because nocifensive behaviours can often take the form of behav-
ioural immobility (Woolley and Gentle, 1987; Gentle and Hunter, 1990), and han-
dling or moving the birds will produce major attentional shifts in the animals,
thereby altering pain perception (Gentle, 2001).

Nociceptive information could arise from a number of tissues following frac-
ture: surrounding soft tissue, periosteum and bone. Damage to soft tissue would be
variable across skeletal sites following fracture, but all fractures affect the bone and
periosteum. Pain has been reported upon manipulation of the periosteum in
human subjects following bone injury (Weddell and Harpman, 1940; Houghton et
al., 1997). In mammals, bone and periosteum receive sensory nerves (Gronblad et
al., 1984; Hukkanen et al., 1992). Although there is no information on the neural
innervation of the bone and periosteum in the chicken, because of the similarities
between avian and mammalian cutaneous and articular nociceptors (Gentle, 1991;
Gentle et al, 2001) there is no reason to believe that they will be fundamentally
different.

DISEASE AND CHRONIC PAIN

Disease

Widespread spontaneous arthropathies leading to a loss of locomotor function are
common in heavy breeds of domestic poultry but are less common in laying hens.
Laying hens do, however, develop gout as well as bacterial and mycoplasma infec-
tions and are thus likely to suffer pain as a result of orthopaedic disease.
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Gout

Articular gout is a disease characterized by the deposition of sodium urate crystals
in the joint cavity. In humans this is a severely painful condition but until recently
its painful nature in the chicken had not been investigated in detail. Intra-articular
injection of microcrystal sodium urate mimics gout arthritis and has been used to
investigate the disease in humans (Seegmiller et al., 1962), other mammals
(Coderre and Wall, 1988) and birds (Brune et al., 1974; Gentle and Corr, 1995).
Shortly after the injection of sodium urate into the ankle, chickens lifted the
injected leg and stood on the uninjected one. For a 3-h period after injection the
birds spent most of their time sitting and dozing and they appeared hypoaesthetic,
with drooping head and tail, ruffled feathers, few head movements and the eyes
intermittently closed. In this condition they were unwilling to stand or walk, and if
encouraged to do so, they staggered and were reluctant to put any weight on the
injected leg (Gentle and Corr, 1995). One-legged standing, limping and sitting
dozing are clear examples of pain-related behaviours and the animal will return
rapidly to normal following the injection of local anaesthetic into the treated joint
(Hocking et al., 1997). Electrophysiological recordings from the joint capsule C-
fibre nociceptors showed that they become sensitized following urate injection
(Gentle, 1997). The high level of spontaneous activity in these receptors would
explain the continuous nature of the pain resulting in the long periods of resting.
The increased response of these receptors to joint movement and mechanical stim-
ulation would increase pain on movement and explain the severe lameness, stand-
ing on one leg and their reluctance to place any weight on the affected joint. These
findings indicate that gouty arthritis is a very painful condition in the bird.

Infectious arthritis

Evidence for the painful nature of bacterial infections comes from a study where a
limited non-infectious model of bacterial infection was produced by injecting killed
Mycobacterium tuberculosis into the ankle joint. This model produced a cellular
response to the bacterium, resulting in a severe inflammatory arthropathy with a
pronounced synovitis together with destructive cartilage damage. Recordings from
the sensory receptors in the ankle joint showed that they were clearly sensitized
and that inflammatory arthropathies found in the chicken are likely to be painful
(Gentle and Thorp, 1994).

A recent multidisciplinary study was conducted to investigate the painful con-
sequences of mycoplasma arthritis (Gentle et al., 2003). This study involved the
induction of mycoplasma arthritis by injecting the microorganism directly into the
ankle, with the disease being restricted to this joint (Morrow et al., 1997). The
electrical activity of the nociceptors was recorded in the ankle and was combined
with both a detailed histopathological analysis of the joint and quantitative gait
analysis. The disease was investigated during its early stages (7-21 days after infec-
tion) as well as the more chronic stage of the disease (49-56 days after infection).
During the early stage of the disease there was histopathological evidence of acute
synovitis and the nociceptors showed sensitization. This sensitization is likely to
produce pain; this is supported by the reluctance of the birds to place any weight
on the infected joint and the bird showing a quantifiable, severe limp. In the
chronic stage of the disease there was a chronic synovitis with a thick layer of
hypertophic and hyperplastic synoviocytes together with lymphoid nodules, but the
sensory fibres responded normally to mechanical stimulation and joint movement.
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The absence of any sensitization during this chronic stage would suggest an
absence of pain when the disease might be in a period of remission. The absence
of pain during this chronic stage was also supported by the gait analysis data; the
birds did not show any unilateral lameness. The absence of a clear relationship
between synovial pathology and sensitization of nociceptors in the acute stage of
the disease and the normal physiological responses of these receptors in chronic
prolonged synovitis indicates the difficulties associated with predicting nociceptive
consequences in animals on the basis of histopathology.

ANALGESIA

Anti-inflammatory drugs have been used in tonic models of articular pain (Benzi et
al., 1966; Floersheim et al., 1973; Brune et al., 1974) and optimum dose rates
for the more commonly used steroid drugs have been established for the chicken
(Hocking et al., 2001). Opioid analgesics have been investigated in a number of
studies using reflex withdrawal behaviour evoked by a brief noxious stimulus (Fan
et al., 1981; Hughes, 1990; Sufka and Hughes, 1990, 1992) as well as a tonic
model of articular pain (Gentle et al., 1999).

The laying hen has very effective endogenous pain-modulating mechanisms.
Experimental sodium urate arthritis produced quantifiable pain-related behaviours
when the birds were tested in their cage (Gentle and Corr, 1995) but changes in
motivation reduced these pain behaviours. It has been hypothesized that these
motivational changes diverted attention away from the pain. The motivational
changes investigated included nesting, feeding, exploration and social interactions.
The degree of pain suppression ranged from marked hypoalgesia to complete
analgesia and as such demonstrated the remarkable ability of the chicken to sup-
press tonic pain (Gentle, 2001). It was also found that these shifts in attention not
only reduced pain but also reduced peripheral inflammation (Gentle and Tilston,
1999). The fact that attentional shifts can alter pain perception would indicate a
cognitive component of pain in the chicken and provides evidence of conscious-
ness. The implication for the welfare of the bird is that the pain they experience
may have some of the complex facets of pain normally only ascribed to pain in
humans.
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ABSTRACT

Information about the cognitive abilities of chickens should be considered when assess-
ing hen welfare because it can help identify situations in which birds may suffer.
Understanding bird cognition can also help in the development of improved methods
of welfare assessment and the design of better housing systems. Research on chicken
cognition is relatively sparse, but recent work has examined spatial ability, time per-
ception and self-control, context sensitivity and inference, and social learning. Results
from these studies are presented, together with an assessment of their welfare implica-
tions.

Studies of spatial cognition show that resource location is facilitated by an ability
to form mental representations of objects that cannot be directly perceived. This sug-
gests that chickens may have a concept of object permanence. One implication is that
hens may miss resources that are absent and cannot be directly perceived. We cannot
assume that ‘out of sight is out of mind’. Spatial cognitive abilities develop with age and
are strongly lateral. Chicks primarily use their left eye (right brain hemisphere) to
encode spatial information. Full development of spatial ability depends on experience
of a spatially diverse environment and on active interaction with objects in that envi-
ronment. Older chickens can use both local and global cues, such as the sun’s position,
to orient. Work on spatial cognition can be applied to design housing systems that facil-
itate bird navigation and resource location. An important aspect of cognition is the
question of whether animals live exclusively in the present, or whether they can think
about the past or the future. The ability to represent the future provides the basis for a
consideration of the consequences of an action. Recent work shows that chickens are
able to estimate time and show self-control in foregoing a small reward in order to
obtain a delayed larger reward. The ability of chickens to weigh up the consequences
of their actions suggests that well-designed preference tests should continue to be an
important tool in assessing hen welfare. We cannot dismiss hens’ preferences on the
basis that they do not have the cognitive ability to make an informed choice.

The behaviour of chickens often seems to be the product of rapid instinctive reac-
tion rather than considered thought. Yet, chickens pay attention to complex combina-
tions of environmental cues, and produce adaptive and finely tuned responses.
Chickens do not always react in the same way to the same stimulus, their responses
frequently depend on the context. Both male and female chickens are guided in their
behaviour by the precise prevailing social environment and hens are able to draw rele-
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vant inferences from observation of the behaviour of other birds. In addition, chickens
store and process information and then use this knowledge to make complex decisions
about where to go, who to avoid, and how to maximize food intake.

They can also make use of the experience of conspecifics by acquiring information
and new behaviours via social learning. Social learning is the acquisition of knowledge
of skills by indirect observation or interaction with a conspecific and it provides an alter-
native to individual associative learning as a way of developing adaptive behaviour.
Work on social learning can be applied to reduce the spread of unwanted behaviours
such as feather pecking and cannibalism.

Further work on chicken cognition will inevitably provide new information about
their capacity to know and to feel. This will have important ethical and legal implications.

INTRODUCTION

Chickens do not always react in the same way to the same stimulus; their
responses may depend on the context. Both male and female chickens are guided
in their behaviour by the precise prevailing social environment, and hens are able
to draw relevant inferences from observation of the behaviour of other birds. In
addition, chickens store and process information and then use this knowledge to
make complex decisions about where to go, who to avoid, and how to maximize
food intake. Resource location is facilitated by an ability to form mental represen-
tations of objects that cannot be directly perceived, and an ability to use both local
and global cues, such as the sun’s position, to orient. Chickens are able to estimate
time and show self-control in foregoing a small reward in order to obtain a delayed
larger reward. They can make use of the experience of conspecifics by acquiring
information and new behaviours via social learning.

Knowledge of these cognitive abilities should be considered in an assessment
of hen welfare. Not only may it help us to identify those situations in which animals
may suffer (Nicol, 1996), it can also assist us to develop better methods of welfare
assessment, design more effective housing systems and eliminate or control the
spread of unwanted behaviour patterns.

The topics covered in this chapter are spatial cognition and object perma-
nence, time perception and self-control, context sensitivity and inference, and
social learning. The relevance of each of these for the welfare of the laying hen is
discussed in the final section.

SPATIAL COGNITION AND OBJECT PERMANENCE

The question of how chickens perceive, understand and navigate through space is
of growing relevance as increasing numbers of birds are kept in non-cage systems.
In such large systems, resources are not always directly visible and birds may need
to navigate towards remembered locations. Understanding how spatial abilities
develop in chickens may allow the design of housing systems that facilitate accu-
rate navigation.

Chicks of just a few days of age are able to locate a hidden object even in the
absence of any orienting cues, acoustic, visual or olfactory, by moving towards the
place where it was last observed (Freire and Nicol, 1999). Chicks also have the
ability to take detours to reach highly valued social stimuli or companions (Regolin
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et al.,1995). This suggests that chicks may possess a concept of object perma-
nence, i.e. an appreciation that an object continues to exist even when not avail-
able to direct perception. It is interesting to consider what features are encoded by
this mental representation. Chicks do not appear to be able to use their represen-
tation of an imprinted object to predict where it might reappear after it has moved
at a constant speed behind a screen (Freire and Nicol, 1999). Perhaps their rep-
resentation does not encode features such as movement, speed or direction.
However, it is difficult to draw firm conclusions from negative results. The chicks
in this study may have failed the movement prediction test because they were
reared under artificial conditions that did not permit full cognitive development.

Spatial cognitive abilities develop with age and experience and, in chicks, are
strongly lateral. Chicks are better at spatial learning and make more use of posi-
tional cues when using their left eye (right brain hemisphere) than their right eye
(Tommasi and Vallortigara, 2001), and encoding of global spatial information
appears to occur in the right hippocampus (Tommasi et al., 2003). Chicks that
are temporarily able to use only their right eye are more likely to make use of local
features such as the colour or shape of a visual cue (Vallortigara et al., 1996).
During development, chicks show a sudden peak in movement out-of-sight of the
mother at about day 11 of life and a similarly timed viewing bias towards the left
eye (Vallortigara et al., 1997). Experience of the disappearance and reappearance
of objects during this sensitive phase for the development of spatial memory is
crucial. The specific role of experience of object occlusion at day 11 on subsequent
performance on a range of spatial tests was examined by Freire et al. (2004).
Chicks were individually imprinted on a ball stimulus, and then housed in pairs
under different conditions from 8 to 12 days of age. Six pairs of chicks were able
to walk around two opaque wooden barriers fitted in the pen, providing them with
experience of disappearance and rediscovery of the ball and the other chick. The
other 18 pairs of chicks were allocated to treatments that provided either two
transparent barriers, one transparent and one opaque barrier, or no barriers within
the pen. As under natural conditions, chicks showed a peak in moving out of sight
of objects at day 11 of age. In subsequent tests, chicks with experience of object
occlusion tended to show better retrieval of the hidden imprinting stimulus, and
made fewer errors in a detour test. Providing passive experience of time spent out
of sight of the imprinting stimulus by confining the chicks before testing resulted in
no such improved performance in spatial tests. These results suggest that enrich-
ment-induced improvement in spatial cognition is dependant on active interaction
and experience of the environment gained during sensitive phases of development
(Freire et al., 2004).

Despite these spatial abilities in chicks, Lipp et al. (2001) failed to show that
chickens could locate food in the arms of an octagonal maze when consistent
external-maze cues were provided. In other bird species, resource location over
even very small distances is guided by a hierarchy of preference for global, land-
mark and local feature cues (Brodbeck, 1994; Chappell and Guilford, 1995). Thus,
one possibility is that chickens failed the maze test because their preferred cues
were not available.

In many bird species, the sun provides the preferred global cue that is used for
resource location. To examine whether chickens could use information from the
sun’s position to locate food, Zimmerman et al. (2003) designed an experiment
where the sun was the only consistent cue available. An eight-arm maze was
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constructed and placed in an outdoor location, away from external landmark cues.
Birds had to find food placed in just one arm of the maze in a compass direction
that was consistent within individuals, but varied between subjects. Every day the
maze was placed in a different part of a field, and was rotated. Food residue was
placed in pots in all arms so that there were no consistent cues about food loca-
tion available from visual or olfactory sources within the maze. When tested on
sunny days, seven out of eight subjects reached the learning criterion, and consis-
tently found food in the correct arm of the maze. Disrupting the chickens’ per-
ception of the earth’s magnetic field did not disrupt their performance in this
apparatus (P. Zimmerman et al., unpublished). This suggests that domestic fowl
are able to use the global cue of the sun’s position to navigate when other cues are
not available, although it is not known whether they can compensate for the daily
movement of the sun and use it as a compass, rather than as a beacon. Clock-shift-
ing experiments would be required to test this.

TIME PERCEPTION AND SELF-CONTROL

An important aspect of cognition is the question of whether animals live exclusively
in the present, or whether they can think about the past or the future. An animal
that has no cognitive representation of the future will behave in a way that maxi-
mizes its immediate benefit. An animal that is able to consider the consequences
of its actions may decide to forego immediate reward in order to maximize its
benefit in the future.

This aspect of cognition has been studied in humans, rats and pigeons using
a self-control paradigm. This requires an animal to choose between a less valuable
reward available after a small time delay, and a more valuable reward after a longer
delay. A subject that waits is said to show self-control. If both types of reward occur
at the same frequency, an animal that shows self-control will obtain more food in
total. The ability of birds to show self-control varies with species and with the exact
experimental protocol employed (Logue, 1988; Stephens and Anderson, 2001).
In order to succeed in a self-control task, a bird must be able to predict differences
in waiting time, and be able to exhibit restraint.

The ability to estimate time intervals enables animals to predict the occurrence
of events, but there has been only one study on the accuracy of time estimation in
chickens. Taylor et al. (2002) showed that when domestic hens were given a signal
indicating that pecking would be rewarded after a wait of 6 min, the majority of
birds showed a peak in their maximum pecking response rate approximately
6-8 min after the signal. Thus, chickens are able to predict differences in waiting
time, but are they able to restrain their impulse to obtain immediate food reward?

This possibility was recently investigated by Abeyesinghe et al. (2004) using both
an operant chamber and a Y-maze. Sixteen naive hens were tested using both
methods in a counterbalanced order. In the Y-maze, hens could choose to enter
one compartment where a short (2 s) delay, indicated by a green light, was
imposed before the bird obtained access to food for a short period (3 s), or a
second compartment where a longer delay (6 s), indicated by a red light, was
imposed before the bird obtained access to food for a longer period (7 s). In the
operant chamber a similar procedure was followed. During experimental trials,
pecks on one key initiated a short delay followed by a short period of access to
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food reward, while pecks on the other key initiated a longer delay followed by a
longer period of access. In the Y-maze, there was no overall preference for the
chamber providing either immediate or delayed reward. In contrast, birds in the
operant chamber exhibited a preference for immediate reward which became
more pronounced as the experiment progressed.

The lack of response in the Y-maze may have been because birds genuinely
had no preference, or they may have found it difficult to associate chambers with
waiting times, and been unable to perform the discrimination required. Avoidance
of the self-control option in the operant chamber suggested that birds could asso-
ciate the operant keys with the onset of different waiting times using this method.
The failure to show self-control in this case was therefore unlikely to be due to defi-
ciencies in time estimation. It was therefore decided to perform a second operant
experiment to determine whether hens would show self-control if the reward for
waiting was substantially increased. When hens could choose between a short
delay for a short period of food access and a longer delay for a much longer access
(22 s compared with 6 s in the previous experiment) then the latter, self-control,
option was selected in over 90% of trials. This indicates that chickens can show
self-control for food.

CONTEXT SENSITIVITY AND INFERENCE

Chickens are often characterized as ‘bird-brained’ and their behaviour frequently
seems to be the product of instinct rather than reason, of rapid reaction rather
than considered reflection. Yet, chickens pay attention to complex combinations
of environmental cues, and produce appropriate and finely tuned responses.
Although this sensitivity may not count as deep thought (it may not involve concept
formation), it certainly indicates that chickens are not simply reacting in just one
stereotyped way to simple stimuli.

Good examples of context-specificity come from the alarm-calling and
courtship behaviour of the male, and the maternal behaviour of female domestic
fowl. Cockerels produce a characteristic vocal display when they encounter food,
which attracts females to approach and accept food items. In playback experi-
ments, hens responded selectively to male food calls by looking downwards, sug-
gesting that the calls are functionally referential (Evans and Evans, 1999).
Courtship vocalization is more frequent in the presence of a hen but is inhibited by
the presence of another cockerel (Evans and Marler, 1994; Marler et al., 1986).
However, males are even more sensitive to the nature of their audience, and are
more likely to give courtship vocalizations if a female is unfamiliar, or if she is of
the same strain and plumage-type as the male (Evans and Marler, 1992, 1994).
Audience effects are also a feature of male alarm calling, although a broader range
of audience characteristics elicit these types of calls. An audience of males, or
females of any strain, will elicit alarm calling, although an audience comprising
birds of a different species will not (Evans and Marler, 1991, 1992).

Hens attract their young to food with a complex display consisting of staccato
food calls and pecking movements directed towards food items on the ground
(Sherry, 1977). Hens give more intense and longer food calls in the presence of
high-quality food items (Moffatt and Hogan, 1992) and this encourages chicks to
peck more frequently at demonstrated items. Hens' display behaviour is also
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sensitive to context and audience effects. The sight of young chicks inhibits mater-
nal feeding and prolongs display (Sherry, 1977) and a hen will vocalize longer and
give more food calls when chicks are visible, but physically separated from her,
than when they are free to interact (Wauters et al., 1999).

The cognitive abilities of chickens are particularly highlighted by reports that
hens can draw relevant inferences from observation of the behaviour of other
birds. Hens respond according to their interpretation of available information. A
fascinating example comes from an experiment which showed that hens assessed
whether their chicks had acquired correct information about the edibility of food
items (Nicol and Pope, 1996). Twelve broody hens were housed together with
their chicks, except during feeding sessions that occurred four times daily. Hens
were trained that feed of one colour was palatable, and feed of a different colour
was unpalatable. Chicks from each brood were divided into two groups of equal
size and fed separately. One group of chicks received one dish of palatable and one
dish of unpalatable feed, coded using the same colours that the hen had been
trained on. The other group of chicks received one dish of palatable and one dish
of unpalatable feed, coded using the opposite colours from those used with the
hen, ensuring that chicks in that group learned to feed on food of a colour that
their mother had been trained to avoid. In subsequent test sessions, each broody
hen observed the feeding behaviour of her two groups of chicks on alternate days,
with colour and order counterbalanced across hens. Although there were no sig-
nificant effects on broody hens’ vocalization, other aspects of the maternal display
were significantly increased when hens observed chicks that were making appar-
ent errors. The intensity of the maternal display was increased, not in response to
any chick disgust reaction, but in response to the hen’s combined assessment of
her chicks’ feeding behaviour and her own information about food palatability.

Intriguingly, hens are also able to make relevant inferences about their social
position within the flock by observation of agonistic interactions between flock
mates. Hens will attack an unfamiliar hen if they have seen a flock mate defeat that
stranger, but not if they have seen the stranger defeat the flock mate (Hogue et
al., 1996).

SOCIAL LEARNING

Social learning, the acquisition of knowledge or skills by indirect observation or
interaction with a conspecific, potentially provides a way of developing adaptive
behaviour without the costs sometimes associated with individual learning. Social
learning in chickens is functionally important in the development of food
preferences, and also provides a mechanism by which hens can acquire novel
behaviours.

Food Preferences

Newly hatched red jungle fowl chicks peck at food and non-food items alike, and
have to learn which items are palatable and worthwhile to ingest (Hogan, 1984).
The maternal behaviour of the hen assists chicks to discriminate food from non-
food items, and can have a lasting influence on their food preferences. Gajdon
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(2001) compared groups of hens and chicks, after hens had been trained to eat
either red or green food in a test arena. The hens’ food preferences were trans-
ferred to their chicks and were maintained by the chicks, even when they were
later tested separately from hens. After the first week of life, chicks tend to move
away from their mother and explore on their own. At this time, brood mates
become potential, although probably less accomplished, food discoverers than the
hen. The food preferences and foraging behaviour of chicks are, however, still sig-
nificantly influenced by the behaviour of slightly older, pre-trained conspecifics
(Gajdon et al., 2001).

McQuoid and Galef (1992, 1994) showed that jungle fowl chicks, 3 or
4 weeks of age, were attracted to particular marked feeding dishes or pen loca-
tions, 48 h after they had observed conspecifics feeding from the same type of dish
or in the same location. When observers were unrewarded in their foraging behav-
iour during test sessions, only some birds pecked, and those that did peck did so
for only a few seconds. However, when food rewards were introduced into test ses-
sions, observers directed sustained pecking to sites where they had previously
observed demonstrators feeding, even though equally rewarding, but non-demon-
strated, sites were also available. This shows that, in slightly older birds, interac-
tions between stimulus enhancement and individual associative learning are
important.

Sherwin et al. (2002) examined the extent to which social learning influenced
formation of food preferences and aversions in 9-week-old pullets. The aim of the
first experiment was to determine whether observer pullets could learn to avoid
pecking at a coloured food that elicited a ‘disgust’ reaction in a conspecific. A cir-
cular apparatus was designed that allowed eight observers at one time to see the
feeding behaviour of a demonstrator placed in the centre of the apparatus. In total,
32 observers saw demonstrators exhibit ‘disgust’ reactions to unpalatable food,
and 32 observers saw demonstrators eat normal food. Immediately after the obser-
vation sessions, observers were separated visually from each other and given two
bowls of palatable coloured feed, with one of the colours matching that just demon-
strated. During observation sessions, demonstrators given unpalatable feed per-
formed much beak-wiping and head-shaking, behaviours seen rarely in
demonstrators given standard feed. Despite such clear differences in demonstrator
behaviour, observer pullets showed no avoidance of the coloured food that had
elicited a disgust reaction in their demonstrators. This result contrasts with a study
of day-old chicks by Johnston et al. (1998) which showed that chicks would avoid
pecking at a bead if they had observed another chick exhibiting a disgust reaction.
This may reflect an age-related change. Young chicks may be much more suscep-
tible to social influence as the individual consequences of ingestion do not appear
to control behaviour at this age.

In a second experiment using the same apparatus, observers saw demonstra-
tors either not feeding, feeding on normal food, or feeding on ‘highly palatable’
feed (Sherwin et al., 2002). There were no treatment effects on total amount of
food consumed by observers during the test. However, there was a positive corre-
lation between the pecking rate of demonstrators and the proportion of feed of the
demonstrated colour eaten by their respective observers. When this effect was
examined more closely, it was apparent that there was an interaction with actual
food colour. The effect of a highly palatable demonstration particularly induced
birds to eat red food, which they otherwise tended to avoid. Red objects also elicit
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elatively low levels of pecking by chicks and adult hens (Jones, 2002). The inter-
action between observational experience and food colour suggests that social
learning in chickens might be important in overcoming unlearned aversions to par-
ticular colours that tend to signal unpalatability in nature (Guilford and Rowe,

1996).

New Skills

Adult laying hens acquire new operant key-pecking responses more effectively if
they have previously observed a trained demonstrator (Nicol and Pope, 1992) and
the social relationship between observer and demonstrator influences the extent to
which information is transmitted (Nicol and Pope, 1994). In one study, flocks were
randomly allocated to one of four treatments that differed in the type of demon-
strator selected: either (i) the most dominant member of each group, (i) the most
subordinate member of each group, (iii) unfamiliar birds from a different popula-
tion of laying hens, of unknown social rank, or (iv) no demonstrator. Although
there were no significant differences in the performance characteristics of the dif-
ferent demonstrators, most correct key pecks were made by observers that had
seen dominant demonstrators (Nicol and Pope, 1994).

One reason why dominant hens are more effective might be that they provide
a more striking or noticeable presence during the performance of specific behav-
iours. Dominant birds might be bigger, adopt a taller body posture, or peck with
greater force. However, this line of reasoning was not supported by a study that
exposed hens to trained cockerels as demonstrators (Nicol and Pope, 1999).
Despite the fact that the cockerels were larger, socially dominant to hens, and
appeared to peck the key more forcefully, exposure to cockerels resulted in little
social learning in hens, and all types of pecking were low when observers that had
seen cockerels were tested in the response chamber. An alternative explanation is
that dominance may be a correlate of some other indicator of quality. Dominant
birds might receive more attention from conspecifics because of their success in
some other domain, rather than because of their social position per se. The influ-
ence of foraging success as a direct cue was examined by Nicol and Pope (1999)
in an experiment where prior foraging success of demonstrators was manipulated
in their home pens. However, in subsequent key pecking tests no effects of manip-
ulating prior foraging success of birds was found on their salience as demonstra-
tors. This suggests that, although birds may pay selective attention to others that
appear to be highly successful foragers (Sherwin et al., 2002), they do not appear
to generalize the association and pay those same birds greater attention in a dif-
ferent foraging context.

It remains frustratingly unclear why dominant hens are more effective demon-
strators than their subordinates. One factor that may be partially correlated with
dominance in hens is aggressiveness. Although cockerels are socially dominant,
they tend to engage in fewer agonistic interactions with hens than do other hens.
In contrast, dominant hens may attract continuous attention from subordinates that
are attempting to avoid situations that might result in threat, aggression or attack
from dominants.
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WELFARE IMPLICATIONS
Situations in Which Birds May Suffer

It is possible that laying hens do not ‘miss’ resources that are absent in their
housing environment. A hen that is unable to perceive a suitable nest or dust-
bathing substrate may have no mental representation of such a resource. If so,
then ‘out of sight is out of mind’, and bird welfare may not be compromised.

It is difficult to examine this rather philosophical question experimentally but a
variety of evidence suggests that out of sight may not be out of mind. First, birds
deprived of either food or a litter substrate perform more searching behaviour in
the absence of resource cues than non-deprived birds (Nicol and Guilford, 1991).
This is not evidence for a mental representation of food or litter, as searching
behaviour may be triggered by some non-perceived physiological change.
However, it suggests that birds do not adapt fully to deprivation of resources. The
possibility that they have mental representations of the missing resources is
strengthened by findings that show chicks possess a mental representation of
objects that cannot be directly perceived (Regolin et al., 1995). A recent study has
also shown that birds may have a representation of food quality (Haskell et al.,
2001). Chickens trained to run a maze to obtain food reacted with immediate frus-
tration when the high-quality reward they expected was switched for a diet of lower
quality. When birds were expecting low-quality diets they did not exhibit this frus-
tration response, indicating that the behaviours seen were not a direct response to
the diet.

Methods of Assessing Welfare

Preference tests are a very important method used to assess animal welfare. Yet an
important criticism of them is that animals may not have the cognitive ability to
weigh up longer term costs and benefits (Duncan, 1978). It is argued that animals’
choices in preference tests may be impulsive rather than controlled or reflective.
Although only a first step, experiments examining the ability of hens to wait for a
reward are important. Hens clearly are able to weigh up the consequences of their
actions and forgo a smaller reward for a larger one, if the larger one is sufficiently
valuable (Abeyesinghe et al., 2004). Whether birds are able to weigh up the longer
term consequences of their decisions in preference tests remains to be investigated.

Design of Housing or Husbandry Procedures

There has been rapid growth in knowledge about fundamental spatial cognitive abil-
ities in chickens. This work now needs to be applied to the design of husbandry
systems. If global lighting cues are preferred for navigation, even when other cues are
present, this suggests that consideration should be given to optimizing lighting pat-
terns in alternative systems to facilitate orderly bird movement and resource location.

Making use of new information about time estimation in birds, Taylor et al.
(2002) suggested that the duration of specific events or husbandry procedures
could be signalled, so that birds would know what to expect.
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Elimination and Control of Unwanted Behaviour

Outbreaks of feather pecking are sporadic and unpredictable. However, once the
behaviour arises within a flock it often spreads rapidly and social learning may play
a part in its transmission within a flock (Nicol, 1995; Zeltner et al., 2000). Spatial
clustering of similar environmental causes, and direct influences of changes in
plumage condition that may occur once some birds begin to feather peck, are alter-
native explanations for transmission that also require further investigation.

Cloutier et al. (2002) examined the possibility that cannibalistic-type behav-
iour might be acquired via social learning. For practical and ethical reasons they
devised an analogue of cannibalism which involved piercing a transparent mem-
brane to access a pot of chicken blood. The proportion of pairs that pecked or
pierced the membrane, the latency to peck or pierce the membrane, and the
degree of membrane damage in the tests were all associated with observation of a
pre-trained demonstrator.

Genetic selection and environmental improvement both offer potential routes
to reduce feather pecking and cannibalism. However, the tendency to feather peck
appears so ingrained in domestic fowl that it may not be possible to eliminate the
behaviour entirely. If further work reveals an important role for social learning in
transmission of such injurious behaviours, then consideration should be given to
the use of visual partitions to reduce the chances of observational learning.
Traditional management involves removing victims from the flock but, to slow the
further spread of feather pecking, it may be more important to remove the birds
performing the behaviour.

CONCLUSION

The study of the cognitive abilities of domestic fowl is in its early stages, but is a
growing area of research. The poultry industry should be ready to make use of the
findings to improve housing and management systems and bird welfare.
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Social space for laying hens
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ABSTRACT

The spatial and social requirements of hens under commercial husbandry systems are
not yet fully understood. Hens may require additional space to perform specific activi-
ties such as nesting or wing flapping or to minimize negative social interactions. In cage
systems, the provision of physical environmental resources alone, without any addi-
tional space, may lead to physical and psychological restriction due to social competi-
tion. In colony systems it is likely that the greater potential freedom of movement, use
of vertical space and group dynamics should provide ample opportunity for such activ-
ities, although there is a danger of an increase in agonistic interactions, where social
strategies fail to cope with larger flock sizes. For these reasons, the reductions in stock-
ing density being introduced in both cage and colony systems in Europe are likely to
benefit hen welfare.

INTRODUCTION

The requirements of domestic hens for space and for an appropriate social envi-
ronment are intrinsically linked. While it is possible to investigate spatial prefer-
ences of individual hens under experimental conditions, under commercial
conditions, restrictions on individual space will be imposed as much by the pres-
ence of other hens as by the physical size of the enclosure. Space allowances for
caged laying hens in the EU rose from 450 to 550 cm? per bird in 2003 (DEFRA,
2002). From 2012 this will increase to 600 cm? per bird of usable space in
enriched cages and 750 c¢cm? per bird including nest site (CEC, 1999). In colony
systems, such as percheries, the size of the enclosure is larger, but group sizes
increase proportionally so that overall ground space per bird is comparable to that
in cages (DEFRA, 2002). With more extensive systems, for example free-range or
certified schemes such as organic systems, stocking densities are lower still,
although flock sizes can still number hundreds, if not thousands, of birds (Appleby
et al., 1992). In larger enclosures, although average spatial provision per bird is
not much more than in cages, individual birds may nevertheless have more usable
space than caged birds. This is as a result of increased use of the vertical dimen-
sion, as provided by perches or platforms, and due to the stochastic movements of
the flock causing real or perceived transient increases in space within the enclosure
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(Keeling, 1995). These changes in stocking density have partly been driven by evi-
dence from measures of well-being, including behavioural repertoire and environ-
mental preferences (Appleby and Hughes, 1991; Appleby, 1993) and from effects
on production (Hughes, 1975a), with falls in individual egg production (Adams and
Craig, 1985; Appleby et al., 2002) and increased mortality as stocking density
increases (Roush et al., 1984), although these effects may be offset on a purely
economic basis by the increased flock productivity (Appleby et al., 2002; Wolffram
et al., 2002).

SPATIAL REQUIREMENTS

Several approaches have been used to estimate the space that individual hens
require. These include direct measures of the space each hen occupies (Dawkins
and Hardie, 1989), measures of the value hens place on space (Lagedic and Faure,
1987; Nicol, 1986) and their response to increased space following periods of
spatial restriction (Nicol, 1987a). Freeman (1983) and Hurnik and Lewis (1991)
used the physical dimensions of the hen as a baseline for space requirements,
though a more sophisticated approach is to measure the space hens use to
perform different activities (Dawkins and Hardie, 1989). In this study, whilst activ-
ities such as standing required little more space than the physical size of the hen
(475 cm? approx), other activities require considerably more room, such as ground
scratching (850 cm?), preening (1150 c¢cm?) and wing flapping (1876 cm?). If these
activities are valued (Cooper and Albentosa, 2003), then the performance of
important activities may be impaired at high stocking densities.

In addition to the physical space required to perform specific activities, hens
may also have a larger psychological space that may be infringed by the physical
boundaries of the enclosure or the close proximity of flock mates. This can be seen
in studies of the effect of spatial restriction on hens’ behaviour (Nicol, 1987b;
Keeling, 1994). Nicol (1987b) found that reducing the space allowance for pairs
of hens from 1045 to 570 cm? per bird reduced the frequency of comfort activi-
ties such as body shaking and feather raising, whilst Keeling (1994) working with
groups of three hens found that locomotion and ground pecking were significantly
reduced as space was reduced from 5630 cm? to 600 cm? per bird. Under com-
mercial conditions, increasing space per bird has a number of effects on behaviour,
particularly an increase in locomotion, foraging, preening and dust bathing
(Abrahamsson and Tauson, 1997; Carmichael et al., 1999; Freire et al., 1999;
Appleby et al., 2002; Albentosa and Cooper, 2003). Furthermore, certain activi-
ties, including space-expensive comfort activities, are rarely observed in commer-
cial cages even at low stocking densities (Freire et al., 1999; Appleby et al., 2002;
Albentosa and Cooper, 2003). This low frequency suggests either that comfort
activities are a low priority for caged birds, or that the hens do not perceive that
there is sufficient room for adequate performance. To investigate this, Nicol
(1987a) moved hens that had been singly housed, with either 847 cm? or
2310 cm? ground area available, to a 2310 cm? area enclosure. As with other
studies, there was a lower incidence of comfort activities by hens with less personal
space and these hens showed an apparent ‘rebound’ in wing stretching,
feather raising, tail wagging, leg stretching and wing flapping on transfer to the
larger enclosure. Whilst it is difficult to rule out the possibility that the hens were
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responding to the novelty of increased space allowance (Nicol, 1987a), these
results do suggest that certain activities are physically (and possibly psychologically)
prevented by lack of space.

The hen'’s perception of space can also be investigated using preference tests
or by asking the hens to work for additional space (Cooper and Albentosa, 2003).
Several attempts have been made to investigate the cage size and height prefer-
ences of hens and the value they place upon them (e.g. Dawkins, 1977; Nicol,
1986). These studies have tended to use individual hens, as social factors such as
gregariousness or antagonism may influence other hens’ behaviour. Under exper-
imental conditions, Hughes (1975b, 1977), Dawkins (1977, 1978, 1985) and
Nicol (1986) have found that hens tend to prefer increased vertical and horizontal
space. For example, Nicol (1986) found that individual hens prefer larger enclo-
sures to smaller enclosures and Dawkins (1985) found that hens preferred higher
cages to lower cages so long as the height differences were marked. In contrast,
investigations of cage height preferences in groups of hens using the minimum
cage heights laid down in law (DEFRA, 2002) of 38 cm versus 45 cm show no
preference for the higher cages (Albentosa and Cooper, 2003). Whilst such find-
ings suggest the hens do not perceive a difference between the two cage heights,
it may be that any preferences are masked in group-housed hens if they place a
higher value on personal space than cage height. At high stocking densities, small
groups of familiar hens tend to distribute themselves evenly over the available
space (Lindberg and Nicol, 1996a; Albentosa and Cooper, 2003) suggesting a
behavioural priority to maximize individual space when space is limited.

A small number of studies have investigated the work that hens are prepared
to carry out in order to increase environmental and/or social space (Faure, 1986;
Lagedic and Faure, 1987). Faure (1986) trained groups of hens to peck a key to
increase cage dimensions. He found that hens worked to maintain a trough width
of only 100 mm per bird but had little inclination to increase this, suggesting that
this would be enough trough space. They also found that groups of four hens
would work to maintain cage size at 6000 cm? (1500 cm? per bird) but maintained
a cage size of over 1600 cm? (400 cm? per bird) for only 25% of their time. This
might suggest that for the majority of their time 400 cm? per bird was adequate
but that hens periodically require larger areas to allow activities that require more
space or simply chose to have a larger personal space. As commercial cages are
manufactured with a fixed size, then if this additional space (and the activities it
allows) is valued (even for a small proportion of time) this additional space should
be provided in the cage design. Faure (1991) subsequently found that working for
space was dependent on previous experience, because hens reared on floor pens
with greater freedom of movement would work harder for additional cage space
than hens that had been reared in cages. Therefore, further work is needed to
investigate whether hens habituate to low personal space, whether the space avail-
able in proposed enriched cages is adequate, or alternatively, if hens require more
personal space than is proposed in current legislation (CEC, 1999).

SOCIAL REQUIREMENTS

Relatively little is known about the social priorities of hens (i.e. the value placed
on belonging to different group sizes or different group compositions) under
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commercial husbandry systems. Jungle fowl, though social animals, tend to live in
small stable groups (Dawkins, 1989; Collias and Collias, 1996). Feral hens adopt
a similar social structure to their ancestors (McBride et al., 1969; Wood-Gush and
Duncan, 1976) and it is widely believed that there is a limit on the number of indi-
viduals that each hen is capable of recognizing of around 100 or so other hens
(e.g. Guhl, 1958; Nicol et al., 1999).

Investigations of group size preferences have been inconclusive (Dawkins,
1982). Hughes (1977) found that faced with choices of groups between zero and
six unfamiliar resident hens, newly introduced hens preferred to join smaller
groups. This was also found with familiar resident hens, although the effect was
less pronounced. Lindberg and Nicol (1996b) reported that hens showed a strong
preference for a group of five hens over a group of 120 hens in the same-sized
space, but tended to prefer the larger group in a large space over the smaller group
in a small space. They concluded that, whilst smaller group sizes may be prefer-
able to hens, this would need to be combined with sufficient space. Therefore,
interpreting preference tests for group size is difficult as, not surprisingly, test out-
comes appear to be influenced by the context in which testing is carried out as well
as the prior experience of the test birds (Hughes, 1977). Future studies should aim
to provide hens with adequate experience of different group-size and group-struc-
ture choices on offer so that all aspects of being part of a certain group can be
fairly tested. For example, it may be preferable to associate with familiar con-
specifics in a small group in short-term tests, but for hens that regularly receive
aggressive threats or attacks it may be preferable in the longer term to be part of
a larger flock.

There is strong evidence that laying hens are able to discriminate between dif-
ferent individuals within their own social group (Bradshaw, 1991; Dawkins, 1995;
D’Eath and Dawkins, 1996). When a preference between familiar and unfamiliar
groups of hens is detected, hens associate with familiar rather than strange indi-
viduals or groups of hens (Hughes, 1977; Bradshaw, 1992). Furthermore, unfa-
miliar hens appear to act as an aversive stimulus to hens (Grigor et al., 1995;
Freire et al., 1997). In small flocks such as those of caged laying hens, this means
that hens have the opportunity to form stable hierarchies with minimal aggression,
and hens may learn to tolerate the close proximity of others (Guhl, 1968; Meunier-
Salaun and Faure, 1984; Keeling, 1995). In larger flocks this capacity to form
stable hierarchies may be threatened by repeated exposure to unfamiliar hens. This
is a concern both for large colony systems with several thousand individuals in each
enclosure and for larger caged flocks (which may be one solution to the increased
resource provision in enriched cages), with less opportunity to avoid aggressive
individuals.

In larger flocks, it has been suggested that hens may adopt a number of alter-
native strategies to minimize aggressive encounters (Mench and Keeling, 2001).
One solution is to move away from a social structure based on individual recogni-
tion to one based on generic signals of status such as physical features or behav-
ioural signals. In the wild these badges or signals would have to be honest signals
of status in order to survive over evolutionary time-scales, but in the artificial envi-
ronment of the hen house, this may not be the case and short-term learnt rules or
even heuristic rules of thumb may develop. For example, when kept in large
groups, hens may switch from a social system based on remembered social hier-
archies to a ‘rule of thumb’ system (Pagel and Dawkins, 1997), which might
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involve a direct assessment of social status based, for example, on comparison of
body and comb size (Guhl and Ortmann, 1953). Though there is good evidence of
the use of badges of status in recognition and formation of relationships in exper-
imental flocks (e.g. Dawkins, 1995; Cloutier et al., 1996), the degree to which
these play a significant role in social behaviour in commercial conditions is
unknown (Mench and Keeling, 2001), where hens are stocked closely together and
where conventionally the whole flock is the same age and sex. Furthermore, with
low light levels when using artificial lighting, signals such as comb colour may be
less overt due to the effect of artificial lighting on the development of comb colour
and interference with the hens’ perception of colour (D’Eath and Stone, 1999).

Alternatively hens may adopt radically different social strategies in order to
minimize agonistic interactions in larger flocks. This may be achieved by avoiding
social interactions, adopting generally less threatening postures when faced with
strangers, or the formation of subgroups within a flock, where hens would be sur-
rounded by familiar flock mates and rarely be exposed to potentially aversive
strangers. These is some evidence for these strategies with hens raised in larger
flocks being generally less aggressive than those raised in smaller flocks (D’Eath
and Keeling, 1998), some positional correlation between individuals within large
flocks (Oden et al., 2000), or avoiding multiple social interactions by reduced
movement within the flock (Freire et al., 2003). With the adoption of a number of
alternative social strategies, the level of social stress within large flocks of laying
hens is likely to be more variable than that experienced by individuals in small
caged groups. Whether such factors would influence hens’ choice of flock size is,
however, yet to be determined.

SOCIAL SPACE

In group-housed hens, a major restriction on individual space is the presence of
other hens, and individuals will compete to occupy the available space and exploit
resources within their enclosure (Keeling, 1995). Under these conditions four types
of social factors are likely to determine social and spacing behaviour. The first is
gregariousness, whereby hens prefer to spend time in close proximity to each
other, particularly if the flock mates are familiar. The second is social facilitation
of behaviour, in its broadest sense, whereby the presence of others increases the
likelihood of performing specific activities. An example of this would be local or
stimulus enhancement, when feeding draws other hens’ attention to food and
causes crowding around food sources (Meunier-Salaun and Faure, 1984; Webster
and Hurnik, 1994). The third factor is competition, where more than one indi-
vidual attempts to exploit the same resource, which may lead to displacement from
resources such as dust baths or nest sites (Abrahamsson and Tauson, 1997).
Competition for resources in combination with limited opportunity to resolve dis-
putes can lead to the fourth factor, agonistic or aggressive interactions, where
hens may threaten or fight leading to injury, aversion and fear.

Gregariousness and social facilitation are likely to reduce inter-bird distances,
while competition and agonistic interactions may increase inter-bird distance within
the confines of their environment (Keeling, 1994). The effects of these factors will
depend on a number of environmental factors, including the size of the enclosure,
the number of hens in the flock, and the abundance of environmental
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resources (Mench and Keeling, 2001). As a result of these complex interactions,
the impact of apparently straightforward changes to the design of the hens’ envi-
ronment do not always have predictable effects on social structure and conse-
quently hen welfare. For example, Al-Rawi and Craig (1975) found that increasing
personal space from 412 to 824 cm? per bird in conventional cages increased
aggressive interactions. This suggests an inhibitory effect of high stocking density
on aggressive interactions in cages, though the effect of low cage height on expres-
sion and perception of signals of threats or submission will also be a contributing
factor in the increased aggression at intermediate stocking densities.

With both the amount of physical space and the number and the nature of
hens occupying that space as important factors in determining the quality/value of
space, hens have a number of strategies available to them when choosing how to
exploit the available environment (Cooper, 2004). The simplest distribution that
hens might adopt is to randomly distribute over the available space. In this case
neither the presence of other hens or the availability and location of resources have
any effect on where hens choose to spend their time. In reality, for the reasons
described above, it is unlikely that hens will pay no heed to their flock mates or
resource position, so this type of distribution is unlikely. Nevertheless, a random
distribution is a useful default from which to test whether hens adopt other types
of distribution.

A second distribution would be one based on the hen'’s gregariousness, where
hens are more likely to be found in close proximity than might be expected by
chance. This could be investigated using measures based on proximity or average
inter-bird distance (Keeling and Duncan, 1991; Lindberg and Nicol, 1996a). If
inter-bird distances are smaller than would be expected by chance then this would
suggest that they prefer to be close together. If hens were found to share locations
more often than expected by a random distribution, then this would be evidence
of clumping which may in turn indicate a tendency towards social cohesion due to
gregariousness. These distributions would also be found if the hens’ position was
heavily dependent on the position of resources. For example, it may be that due
to social enhancement of nest site selection, more hens are found in a nestbox
than would be expected by chance (Appleby et al., 1984). Discriminating between
these two may be difficult, but again careful modelling and testing predictions, for
example involving changing the number and/or location of resources, can address
this.

Finally, hens may distribute so as to maximize personal space, in which case
they would be expected to distribute evenly over the available space. For example
in our own work involving enriched cages, one approach is to provide hens with
a choice of two similar cages (Albentosa and Cooper, 2003). If hens randomly dis-
tribute across the two cages, then the frequency of each distribution across the two
alternatives can be predicted from the binomial distribution. If the actual distribu-
tion deviates from this with more frequent observations of a biased distribution (i.e.
most hens in one alternative, few hens in the other) then this might point to a gre-
garious distribution and would suggest that there is enough available space for hens
to maintain acceptable social distances. On the other hand, if hens more frequently
evenly distribute across the two alternatives (i.e. half the hens in one cage and half
in the other) then this would suggest they are attempting to maximize personal
space and consequently a cage of that size may not allow hens in that size of group
to maintain acceptable social distances. An alternative explanation of this even
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distribution would be that half the flock size is the preferred group size, although
this can be further investigated by varying the relative size of the two enclosures
and manipulating flock size.

These suggestions represent only four possible distributions. There may be
more, and whilst each has been labelled with a causal basis, it is feasible that similar
distributions can result from different combinations of causal factors. Evidence for
even spacing has been found in small flocks of familiar hens in pens (McBride,
1970; Lindberg and Nicol, 1996a) but not in penned unfamiliar hens (Lindberg
and Nicol, 1996a), which tend to clump and engage in aggressive interactions. In
larger colonies at commercial stocking densities of 18 birds/m2, hens did not
evenly distribute but showed a wide variation in stocking density across the enclo-
sure of between 9 and 41 birds/m? (Channing et al., 2001), which may lead to
overcrowding at these highest densities. In less restrictive enclosures, hens show
clumping, even distributions, and quite wide, but random dispersal depending on
ongoing activity (Keeling and Duncan, 1991; Collias and Collias, 1996).
Furthermore, distributions may vary according to time of day and what the hens
are doing, for example distribution when feeding, nesting or perching might differ
considerably (Mench and Keeling, 2001). Nevertheless, these provide a framework
for investigating social space in a variety of experimental and commercial situa-
tions.

SOCIAL SPACE IN COLONY SYSTEMS

Hens in cage systems and colony systems may have similar fundamental social
spacing requirements but the degree to which these can be addressed differs
between these two different types of environment. Whilst the majority of welfare
research in laying hens has focused on cage systems, as these have been the dom-
inant form of egg production, there has been an increasing interest in alternative
systems in recent years. In principle, alternative systems provide additional
resources such as litter, perches and nest sites that were not available in conven-
tional wire cages, and greater individual space (FAWC, 1991, 1997) than is avail-
able in cages due to the use of vertical space and stochastic variation in inter-bird
distances. Although concern has been expressed about the hen’s capacity to rec-
ognize individuals, find a position within a social hierarchy, and consequently avoid
repeated harmful aggressive interactions, studies have now shown that aggression
levels are relatively low in these large flocks and hens appear to adopt a number
of alternative strategies to avoid negative interactions. Aggressive behaviour is
infrequent in large flocks compared to that reported in small to medium-sized flocks
(Hughes et al., 1997; Nicol et al., 1999), possibly due to hens not recognizing
flock mates as familiar or unfamiliar (Hughes et al., 1997) or adopting alternative
social strategies to reduce the chance of aversive social interactions (Mench and
Keeling, 2001; Freire et al., 2003).

Nevertheless, there may still be psychological denial of resources due to com-
petition or avoidance of negative social interactions (Freire et al., 2003).
Consequences of these actions may include hens failing to exploit the environment
fully, for example ‘free-range’ hens unwilling to leave the shed for fear of encoun-
tering unfamiliar or dominant individuals (Grigor et al., 1995). Other socially medi-
ated problems may also occur in large colony systems and these could lead to



[198

J.J. Cooper and M.J. Albentosa |

production or welfare problems. Gregariousness and social facilitation may lead to
overcrowding, as hens attempt to exploit similar resources at the same time
(Channing et al., 2001), whilst the hens’ tendency to nest gregariously may lead
to floor eggs, if many hens attempt to use the same nestbox or if eggs outside the
nest act as a stimulus of nest-site choice (Appleby et al., 1984). For these reasons,
careful consideration of group dynamics, and the abundance and positioning of
resources in the design and management of large colonies is necessary, in order to
ensure that as many individuals as possible have sufficient space and access to
resources to perform a full behavioural repertoire in non-cage systems.

SOCIAL SPACE IN CAGE SYSTEMS

In cage systems, hens face both the physical restriction of the size of the enclosure
and the social restriction of having to share this with a number of other birds
(Appleby and Hughes, 1991; Baxter, 1994; FAWC, 1997). Under these condi-
tions, aggressive interactions are rare, as hens rapidly establish social hierarchies
without the need to repeatedly fight. However, if aggressive interactions do occur,
there is no opportunity to escape, so fights can escalate and rapidly lead to injury.
The primary welfare concern with cages, however, has been that of behavioural
restriction through lack of environmental resources such as nest sites, perches or
foraging substrates and lack of space to exhibit locomotor and body maintenance
activities (Appleby and Hughes, 1991). Providing additional resources such as
enclosed nest sites, raised perches and substrates to allow foraging and dust
bathing activities in furnished cages may reduce behavioural restriction (Freire et
al., 1999; Appleby et al., 2002) but may lead to increased competition for these
resources. Consequently, legislation to include these resources in cage environ-
ments is generally accompanied by increases in cage dimensions (CEC, 1999;
DEFRA, 2002). Some concern has been expressed over providing more physical
space, as aggressive interactions may increase if hens have sufficient space to fight,
although thus far no studies of increasing social space in furnished cages have
reported any increases in aggression.

The question remains as to what is an acceptable amount of space per bird.
Individual space has increased to 550 cm? per bird over recent years and will
increase to 750 cm? per bird in enriched cages 