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GENERAL INTRODUCTION

INTRO1. PURPOSE

This review of the peer-reviewed scientific literature on the care, management and slaughter of farmed poultry, game birds
and ratites has been prepared for the Department of Economic Development, Jobs, Transport and Resources, Victoria,
Australia. The review aims to highlight scientific knowledge, where it exists, on the animal welfare consequences of care,
management and slaughter procedures and practices and to identify substantial gaps in scientific knowledge.

INTROZ2. STRUCTURE

The review has a structure adapted from Part A General Standards and Guidelines of the proposed draft Australian
Animal Welfare Standards and Guidelines for Poultry. The adaptations that we have made are listed in Table Intro 1.

Table Intro 1: Review structure

Structure of Part A General Standards and Guidelines
of the proposed draft Australian Animal Welfare
Standards and Guidelines for Poultry

Structure adopted within this review for each farmed
bird type

Responsibilities (human responsibilities and competences)

Impact of human contact on welfare is briefly mentioned in
sections on Fear and Distress, and Handling and
Management.

Feed and Water

Yes

Risk Management (including weather, fires, floods, disease,
injury and predation)

Yes i the scientific literature mostly concerns disease,
injury, predation, and injurious behaviour. We found no
peer-reviewed literature on steps that should be taken to
cope with natural disasters and emergencies.

Facilities and Equipment (included within this is the
statement that facility construction should take account of
poultry behaviour)

Yes i the large literature on the evidence relating to
behavioural needs of some of the farmed bird species has
been included in the section called Facilities and
Equipment: Behavioural Needs.

Management of outdoor systems

We have included a broader section called Facilities and
Equipment: Behavioural Usage. This section outlines how
housing systems, and design features within housing
systems (including the outdoor range), affect bird welfare.

Facilities and Equipment (included within this is the
statement that facility construction should minimise fear
and distress)

We have included a section on Fear and Distress.

Lighting

We have a section on Sensory Environment which covers
scientifi c wroeptkal abilitieslarid theirs 6 p
preferences for aspects of lighting, sound, olfaction and
thermal environment.

Temperature and Ventilation

Thermal comfort aspects are included in the section on
Sensory Environment. Air quality aspects (as relating to
bird health) are included in Management and Handling

section below.

Litter Management

The importance of good litter management in mediating
risks for health or injurious behaviour is considered within
the Risk Management section.

Handling and husbandry (including stocking density and
procedures such as beak trimming and forced moulting)

Our section heading is Handling and Management and
includes sub-sections on stocking density, whole-house
management (e.g. ventilation) and procedures.

Humane Killing, and Poultry at Slaughtering Establishments

These are provided in the chapter titled Slaughter.
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Scientific studies on bird welfare have been conducted for many different reasons. They do not all fit easily into any one
classification system. For example, a study on the effect of perches on foot condition could be included under the section
on risk management (foot health) or facilities and equipment (behavioural usage). If the use of the perches was also
influenced by the light intensity then the same study might need to be mentioned under Sensory Environment, alongside
other studies that examined light intensity effects on other bird welfare parameters. Whilst we have attempted to minimise
repetition and cross-referencing, we consider there is no one report structure that could eliminate the need for this.

An extensive literature is available for some types of farmed birds (laying hens, broilers, broiler breeders) but there are
gaps in the literature available for other types of bird. Where a section is not included (e.g. no section on Facilities and
Equipment: Behavioural Needs for pigeons) this means that no welfare-relevant peer-reviewed literature was found, not
that this may not be an important aspect of bird welfare.

A review of the literature on the transport of farmed birds was not required for this review. Transport of poultry is covered
by the Australian Animal Welfare Standards and Guidelines i Land Transport of Livestock (2012).

INTRO3. METHODOLOGY

Intro3.1 Scoping review

To ensure a comprehensive review we consulted with librarians and selected Web of Science (WoS) as the primary
database to be used. Tests showed that all papers detected in CAB Abstracts were also detected in WoS, but that WoS
identified additional relevant papers.

Primary searcheswerethen conducted using the species/type name (or vari
search for each type of farmed bird has been fully documented, including numbers of papers excluded from further

consideration and reasons for exclusion (Appendix A). To reduce the frequency of irrelevant hits we used the WoS SCI-
Expanded database only, excluding other databases by wusing t|
reviews, proceedings and editorial material. The primary search was restricted to the years 2000-2017, although the final

review contains reference to older papers either if these are seminal works or (for some types of birds) if recent literature

was so sparse that older literature had to be consulted.

We then conducted a series of secondary searches using the species/farmed bird type name that had the greatest utility in
the primary search and combining it with key terms in the following order:

Health

Stress* or fear*

Injur* or Cull* or Mortali*

Density or space

Litter or perch* or nest* or enrich*
Dust-bath* or dustbath*

Peck* or beak*

This was followed by searches using the term well-being, and any other terms that were particularly relevant for a given
type of farmed bird.

For bird slaughter, a similar approach was adopted, but the search terms varied. Species terms were as used above but
no distinction was made between the various types of chicken. Chicken was searched between 2000 and 2017 and
acceptances restricted to articles. Duck, geese and turkeys, ostrich and emu were searched between 2000 and 2017 and
acceptances not restricted to articles. Guinea fowl, partridge, pheasants, pigeons and quail were searched between 1990
and 2017 and acceptances not restricted to articles. Searches (species AND subject AND interest) were conducted using
the following terms:

Subject: ((Stun* Not stunt) OR kill* OR slaughter* OR cull *
OR CO2 OR fAcontrolled atmosd OR fALow -BambéeoORRAWNDPIer ORatwvhde}
campylobacter

Interest: EEG or electroencephalo* or unconscious* or *insensib* or welfare or stress or pain

We then consulted every paper and excluded those that were not relevant (Appendix A).
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Table Intro 2: Summary of articles available for review (excluding slaughter) for each type of farmed bird

Farmed bird type

Primary search

Secondary search

Papers retained

Papers excluded

Additional papers retained

Total number of
papers for review

Laying hens 350 545 142 492
Laying breeders 1 13 3 4
Broilers 253 657 184 437
Broiler breeders 47 61 32 79
Ducks 32 28 24 56
Geese 2 13 7 9
Turkeys 24 169 62 86
Guinea fowl 0 4 4 4
Pheasants 3 5 7 10
Partridges 5 3 25 30
Pigeons 0 23 4 4
Quail 18 61 3 21
Ostriches 9 16 24 33
Emus 1 6 2 3

Table Intro 3: Summary of articles available for review on the slaughter of each type of farmed bird

Farmed bird type

Primary search

Papers returned

Papers excluded

Total number of
papers for review

Chickens (encompassing laying and meat chickens 623 543 80
and breeders)

Ducks 30 20 10
Geese 12 11 1
Turkeys 141 119 22
Guinea fowl, pheasants, partridges, pigeons and qualil 26 24 2
Ostriches and emus 19 18 1

This exercise ensured that we initiated the review in a way that minimised source material selection bias.

Intro3.2 Full review

During the full review, the retained papers were consulted in detail. A small number of further exclusions were made whilst
some additional papers were included (detected using citations of papers in our initial scoping review). For species with a
small recent peer-reviewed literature some older papers or technical reports have been cited. Occasionally, and only for
species with a sparse peer-reviewed literature, we mention information obtained from an abstract where the full text was
not available to us (with University of Bristol access rights) within the time available. We have indicated where this was the

case.

Intro3.3 Peer review

The review was subject to a peer review process, in which two independent peer reviewers with relevant expertise were

provided
neither we

wi t h a
nor

t he

comprehensive
revi ewers

wer e

dr aft
aware of

of t he

each

commissioned the review, the Department of Economic Development, Jobs, Transport and Resources, Victoria, Australia.
Each peer reviewer provided a report with their comments, which assisted in finalising the review.
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INTRO4. LITERATURE INCLUDED IN REVIEW

Laying Hens
Total references: 582 (600 after review)

53 of 492 original references (Table Intro 2) were not used (conference papers, duplicates or substandard). During the
writing phase 143 new references were added, including key older works, and papers on the topic of moulting. Overall, we
found an extensive peer-reviewed literature available. The length of each section in our review reflects the scientific
literature available. Some issues have been well-studied because of their accessibility or because they raise theoretically
interesting or complex questions (e.g. the behavioural needs of laying hens), whereas other potentially impactful issues
remain relatively unstudied. An additional 18 references were included at post-review revision.

Laying Hen Breeders
Total references: 2

2 of the 4 original references (Table Intro 2) were not used. No useful new references were detected during the writing
phase. The literature on layer breeders is virtually non-existent largely due to the high security facilities within which these
birds are kept, making them inaccessible to independent scientific study.

Broilers
Total references: 386 (401 after review)

115 original references (Table Intro 2) were not used (34 were conference papers, 8 were duplicates, 73 substandard). 64
new references were added including key older works. An additional 15 references were included at post-review revision.

Broiler Breeders
Total references: 84

27 original references (Table Intro 2) were not used (conference papers, or related to egg and embryo quality). 32 new
papers were added during the writing phase including key older works.

Ducks
Total references: 70

Of the 56 original references (Table Intro 2), 7 were excluded and an additional 21 references were added during the
writing phase (mainly older research papers and two reviews).

Geese
Total references: 39 (40 after review)

2 of the 9 original references were excluded (Table Intro 2) as not relevant to welfare, and an additional 32 references
were added during the writing phase (reviews, older articles and articles providing information about the natural behaviour
of geese). Reference to a European Food Safety Authority (EFSA) report was added at post-review revision.

Turkeys
Total references: 101 (108 after review)

7 of the original references (Table Intro 2) were excluded and an additional 22 references were added during the writing
phase. The majority of primary research literature on turkey welfare focuses on the growing poults, with very little
reference to the breeder birds. An additional 7 references were added at post-review revision.

Guinea Fowl
Total references: 8

All 4 original references were used (Table Intro 2) and 4 additional references were added during the writing phase.

Pheasants
Total references: 19

2 of the original references (Table Intro 2) were excluded and 11 additional references were added during the writing
phase.
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Partridges

Total references: 28 (29 after review)

6 of the original references (Table Intro 2) were excluded and 3 additional references were added during the writing
phase. One additional reference on post-release survival was added at post-review revision.

Pigeons
Total references: 10 (12 after review).

All 4 original references (Table Intro 2) were used and an additional 6 references relating to pigeon natural biology were
added during the writing phase. Scientific literature relating to captive pigeons is mainly focused on their spatial
understanding and navigation abilities, memory, learning and cognition. There were no papers found in the search that
investigated the welfare of common husbandry practices for pigeons. Therefore, it is suggested that referring to the
literature of pigeon natural biology and habitat should be used to inform husbandry guidance. An additional 2 references
were added at post-review revision.

Quail
Total references: 23 (30 after review)

None of the original references (Table Intro 2) was excluded and 2 new references relating to quail natural biology were
added during the writing phase. Papers on quail mostly report fundamental experimental studies of stress biology. Some
welfare-relevant information about stressors and ways to ameliorate stress in quail can be gained from these papers.
Those that related to commercial quail keeping tended to focus on production traits with only a few detailing welfare
parameters. These studies were laboratory replicas of commercial conditions. No papers reporting on the welfare of
commercial quail farms were retrieved. An additional 7 older references were added at post-review revision.

Ostriches
Total references: 68 (69 after review)

All of the original 33 references (Table Intro 2) were used (although many were of lower standard in terms of replication,
control, study power, hypothesis than those included for sections on chickens). An additional 35 references were added
during the writing phase. This included older papers (there was a phase of increased interest in ostrich farming in the
1990s) and some technical reports for sections where peer-reviewed literature was absent. We are also aware of articles
and book chapters that address ostrich welfare e.g. Brand, T. and Olivier, A., 2011. Ostrich Nutrition and Welfare. In: P.C.
Glatz, C. Lunam and |. Malecki (Eds.), The Welfare of Farmed Ratites, (Berlin, Heidelberg, Germany: Springer-Verlag),
pages 91i 109. We have not consulted these, but there may be much practical knowledge within these texts. Standards
for keeping ostriches have also been published (e.g. Council of Europe, 1997). Overall, because of the sparse literature
and because practices and breeds may have changed over time, an overview of the welfare considerations for ostriches is
less complete than that for chickens. One paper describing husbandry systems was added at post-review revision.

Emus
Total references: 10

Three original references (Table Intro 2) were used, and 7 were added during the writing phase. Comments for ostriches
(above) apply to emus. We found some management guides and technical reports available on various websites but
virtually no peer-reviewed scientific papers or controlled trials on emu management, husbandry or welfare.

Slaughter
Total references: 105 (115 after review)

There is an extensive published and peer reviewed scientific literature covering the welfare aspects of chickens at
slaughter (broiler and laying hens). Significantly less work is published on ducks, geese and turkeys, ostrich and emus,
and almost none focusing on partridge, pigeon, quail, pheasant or guinea fowl. An additional 10 references were added at
post-review revision.
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INTROS5. GEOGRAPHICAL ORIGIN OF LITERATURE

The scoping review methodology protects against unintentional bias in selection of papers for inclusion in the review. The
papers that have been included come primarily from Europe and Northern America (USA and Canada). An example of a
distribution of papers by country of origin is presented in Table Intro 4, showing a breakdown for the laying hen primary
search. The percentages add to more than 100% reflecting the fact that given papers can have authors from different
countries. This shows that 85% of the literature comprised studies that either originated in Europe, or included an input
from European authors; 14.6% had an input from the USA, 6.4% an input from Canada and 6.1% an input from Australia.
Table Intro 5 shows the breakdown for the ostrich primary and secondary searches showing a predominance of papers

from South Africa.

In reading the review it should be acknowledged that factors relating to the Australian climate, environment and
established management practices may not be fully represented in the literature.

Table Intro 4: Country of origin of papers resulting from primary literature search for laying hens (hen* NOT
hence* OR fidomest elfare, fobomweddy iniddNdéxclusions = 350 references (Table Intro 2)

Field: Countries/Territories  Record Count % of 350  Bar Chart

ENGLAND 67 19.143% =
USA 53 15.143%

GERMANY 37 10571% m
NETHERLANDS 34 9714% m
SWEDEN 29 8286% ®m
CANADA 24 6857% W
AUSTRALIA 22 6286% ®m
DENMARK 20 5714% 1
FRANCE 19 5429% 1
SCOTLAND 19 5429% 1
SWITZERLAND 15 4286% 1
TURKEY 15 4286% 1
JAPAN 14 4000% n
BELGIUM 12 3429% 1
PEOPLES R CHINA 11 3143% 1
SPAIN 11 3143% 1

BRAZIL 7 2000% 1

ITALY 7 2000% 1

NORWAY 7 2000% 1
EGYPT & 1.714% 1
AUSTRIA 5 1429% 1
FINLAND 4 1143% 1
NORTH IRELAND 4 1143% |1
SLOVAKIA 4 1143% 1
PORTUGAL 3 0857 % 1

Table Intro 5: Results of ostrich primary and secondary literature searches

Field: Countries/Territories  Record Count % of 33  Bar Chart

SOUTH AFRICA 8 24242 % mm

ENGLAND 7 21.212% mm
AUSTRALIA 3 9091% m
CANADA 3 9091% =
POLAND 3 9091% =
TURKEY 3 9091% m
EGYPFT 2 6.061% W
GERMANY 2 6.061% W
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INTROG6. RELATIONSHIPS BETWEEN FARMED BIRD TYPES

Because of the extensive literature on the domestic chicken and relative scarcity of literature on some of the other farmed
bird types, it is important to consider whether any of the results from chickens could be generalised. This will be more
likely if the other bird types are closely related (phylogenetically) and share a similar ecological niche and life history.

Avian phylogenetics has advanced recently and, although still subject to some revision as new data become available, the
prevailing current view (Crowe et al., 2006; Prum et al., 2015) is presented in Figure Intro 1. This suggests many common
features between chickens and other game birds and some common features shared more distantly with ducks and
geese, all of which are placed in the high taxon Galloanserae. Ostriches and emus are placed within a different higher
taxon, the Paleognathae, as they possess more reptilian features. Of the farmed bird species under consideration in this
review, only the pigeon is placed within the higher taxon, the Neoaves.

Paleognathae <

Galliformes
species)

New world quail
Old world quail an
partridge
Pheasants and
chickens

Anseriformes <
Goose
Neoaves Columbaves [l Pigeon

Figure Intro 1: Phylogenetic relationships between farmed bird species

Galloanserae

Duck

Comments on ecological habitat and life histories are provided in the introduction to each farmed bird type to assist in
understanding how far work on chickens can be generalised to these other species.

INTRO7. STOCKING DENSITY AND STOCKING RATE

The term stocking density is frequently found in the literat ur e on poul tr y-awd|6f dree mad oa desatrdth

number of animals per unit area and the weight of animals per unit area. A distinction is drawn by some authors who use

the alternative term O6stockingeratuemd tt aarceas c rainlde rtetsee rviemhb enre

describe the weight of birds per unit area. However there is no great consistency in this usage. The number of birds per
unit area is the usual unit used for laying and breeding birds which gain weight relatively slowly or which have a stable
adult weight. The weight per unit area is more often used for birds that gain weight very rapidly such as broilers and
turkeys, and where the size of the birds can become a limiting factor for healthy birds and environmental (air, litter) quality.
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The stocking rate of caged birds (e.g. laying hens) is generally described as a space allowance expressed as cm?/bird. In
contrast, the stocking rate for non-cage birds is generally described as the number of birds/m?. In making rapid
comparisons it should be noted that 1 m? = 10,000 cm®. Thus caged birds housed at 500 cm?/bird are stocked at an
equivalent rate of 20 birds/m?, whilst the usual furnished (colony) cage allowance of 750 cm?/bird equates to 13.3
birds/m?. The EU stocking rate for non-cage systems is 9 birds/m?.

Calculating stocking densities for broiler chickens, turkeys or other meat birds requires knowledge of their expected
patterns of weight gain. These are generally published openly in breed management guides e.g.:

http://en.aviagen.com/assets/Tech Center/Ross Broiler/Ross-308-Broiler-PO-2014-EN.pdf

This shows that male birds of this breed would be expected to weigh 2.39 kg at 36 days of age, and 3.02 kg at 42 days of

age. A stocking density of 33 kg/m? equates to 13.8 birds/m? at 36 days, and 10.9 birds/m?at 42 days. One response to

maxi mum stocking density |l egislation is to Athino flocks by
to grow further.

In this review, the generic term stocking density is used in headings and subheadings for all types of farmed birds but we
then use the term stocking rate for laying hens and breeding birds, and the term stocking density for birds grown for meat.

INTRO8. ASSESSING WELFARE

The animal welfare assessment framework developed by Green and Mellor (2011) mentioned within the Proposed Draft

Australian Animal Welfare Standards and Guidelines for Poultry reflects three predominant ideas that have developed

over time as animal welfare has matured as a subject area. First, it acknowledges that animal welfare has many

components (considered as specific domains by Green and Mellor, 2011), each of which requires consideration in order to

enable a holistic picture of overall welfare (see also Mason and Mendl, 1993 who explain why there is no one, simple
measure of welfare). Second,it dr aws attention to the i mportance of consider
experiences in relation to each domain. Third, it acknowledges that challenges to animal welfare can be brief and transient

or chronic and long-lasting, reducing overall quality of life.

Intro8.1 Multiple measures

In interpreting the available literature it is important to be aware that single-measure studies can be useful (e.g. plumage
damage is a reasonably good measure of feather pecking) but single measures are not good indicators of overall welfare.
For example, in assessing the welfare implications of toe removal, it is relevant to know whether or not neuromas (trauma-
induced nerve cell growths) develop, because these can be associated with chronic pain once the original injury has
healed. If no neuromas are found this would be evidence that toe amputation has not led to this type of chronic pain.
However, it would not be acceptable to conclude from this one line of evidence that there was no overall welfare impact of
toe amputation. A full assessment of the effect of toe remov.
(fear, stress, pain), other studies of chronic pain (e.g. hyperalgesia) and studies of short- and long-term behavioural
consequences and impact. Where available these different strands of evidence must be considered together, and this is
most easily done for those conditions that have been extensively studied (e.g. lameness in broiler chickens). Where only
isolated studies are available, the extent to which generalisation is possible must be considered.

Studies of farmed bird welfare are now far more likely to incorporate multiple measures than in the past but this has not
solved all the problems. For example, some measures cluster together (Nicol et al., 2011; Daigle and Seigford, 2014) so
there is a risk of over-estimation from redundant information in some studies. A greater problem arises if measures do not
covary in a consistent manner across differing housing or husbandry conditions.

Intro8.2 Animal emotion

Another recent development in animal welfare science has been to recognise the importance of animal emotion, and
specifically the importance of animalsd positive andtalpegati v
2010; Hemsworth et al., 2015; Mellor and Beausoleil, 2015; Campbell et al., 2016). Mendl et al. (2010) portray human

emotion within a simple two-dimensional model (Figure Intro 2) and discuss how this can be applied to animals.
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Fig Intro 2: Two dimensional model of animal emotion

Al though the words fAsado or Ahappyo are useful shorthand ter:
describe animal emotions as the subjective nature of animal experience cannot be known. However,anani mal 6 s

experience can be mapped within these quadrants and current work is assessing which physiological and other measures

provide the best markers of these experiences (e.g. Nicol et al., 2009).

Some measures are clearly related to pain or fearfulness and are good markers of negative valence and hence poor
welfare. But other measures (particularly those associated with physiological stress) appear how to be better measures of
arousal or excitement than of valence (Mendl et al., 2010). In addition, all animals have evolved to experience and
respond to stressors; so that some degree of intermittent stress or challenge is likely to be positive and healthy. As with
humans, the extent to which an animal can control its environment may well determine the extent of its stress response.
Measures of stress are still immensely useful, especially in quantifying the impact of procedures known to be aversive
(e.g. stress associated with rough handling) but they are less useful in assessing complex scenarios where information on
valence is less clear (e.g. comparing one housing system with another).

o di
her

In this report we use the terms dédmeasuresd or O6émarkersod t
that may have some bearing on animal welfare, andthet er m 6wel fare indicatordé where t

The integration of information from multiple measures, and its interpretation in terms of animal perception and emotion is
currently undertaken by seeking expert opinion. We have made ourbest &éexpert &6 judgements in wri
the welfare considerations for each of the farmed bird species.

Farmed Bird Welfare Science Review 19



INTRO9. REFERENCES

Campbell, D. L. M., G. N. Hinch, J. A. Downing, and C. Lee. 2016. Fear and coping styles of outdoor-preferring, moderate-
outdoor and indoor-preferring free-range laying hens. Applied Animal Behaviour Science 185:73-77. doi
10.1016/j.applanim.2016.09.004

Crowe, T. M., R. C. K. Bowie, P. Bloomer, T. G. Mandiwana, T. A. J. Heddeson, E. Randi, S. L. Pereira, and J. Wakeling.
2006. Phylogenetics, biogeography and classification of, and character evolution in, gamebirds (Aves: Galliformes):
effects of character exclusion, data partitioning and missing data. Cladistics 22:495-532.

Daigle, C., and J. Siegford. 2014. Welfare Quality® parameters do not always reflect hen behaviour across the lay cycle in
non-cage laying hens. Animal Welfare 23:423-434. doi 10.7120/09627286.23.4.423

Green, T.C.,and D.J. Mellor.2011. Ext endi ng i deas about ani mal weyfafel ab6seébdsan
related concepts. New Zealand Veterinary Journal 59:263-271.

Hemsworth, P.H., D. J. Mellor, G. M. Cronin, and A. J. Tilbrook. 2015. Scientific assessment of animal welfare. New
Zealand Veterinary Journal 63:24-30.

Mason, G., and M. Mendl. 1993. Why is there no simple way of measuring animal welfare? Animal Welfare 2:301-319.

Mellor D.J., and N. J. Beausoleil. 2015.Ext endi ng the O6Five Domainsdé model for anin
positive welfare states. Animal Welfare 24:241-253.

Mendl, M., O. H. P. Burman, and E. S. Paul. 2010. An integrative and functional framework for the study of animal emotion
and mood. Proceedings of the Royal Society B i Biological Sciences 277:2895-2904.

Nicol, C. J., G. Caplen, J. Edgar, and W. J. Browne. 2009. Associations between welfare indicators and environmental
choice in laying hens. Animal Behaviour 78:413-424.

Nicol, C. J., G. Caplen, J. Edgar, G. Richards, and W. J. Browne. 2011. Relationships between multiple welfare indicators
measured in individual chickens across different time periods and environments. Animal Welfare 20:133-143.

Prum, R.O., J. S. Berv, A. Domburg, D. J. Field, J. P. Townsend, E. M. Lemmon, and A. R. Lemmon. 2015. A
comprehensive phylogeny of birds (Aves) using targeted next-generation DNA sequencing. Nature 526:569-573.

Farmed Bird Welfare Science Review 20



LAYING HENS

LH1. INTRODUCTION

Laying hens are a specialised group of domesticated chickens. Chickens were first domesticated in Southeast Asia, with
multiple origins from different Asian Red Junglefowl subspecies. Chickens were probably not kept at first for their eggs,
but in the late 19" and early 20" century divergent selection for meat and egg-laying strains heralded the appearance of
modern meat (broiler) and layer strains, with bodily resources primarily allocated either to growth or reproduction. Modern
strains of laying hens can be housed in a wide variety of systems. These are briefly described here.

LH1.1 Rearing systems

Pullets destined for egg production can be reared in cage or in non-cage systems. Rearing cages generally provide no
enrichment, and differ from conventional cages mainly in having a flat rather than a sloging floor. By the end of the
growing period, birds are tightly stocked at space allowances of approximately 300 cm®/bird. Cage systems are the most
commonly used rearing method in many countries of the world but problems can arise if cage-reared birds are moved to
non-cage systems (Janczak and Riber, 2015). In Europe, many pullets are reared in non-cage systems, most commonly
in floor systems (as for broilers). Until recently, floor systems did not provide any tiers or perches. Practice is now
changing as it is increasingly appreciated that experience with such furniture can help ease the transition between rearing
and laying environments and reduce problems such as smothering, floor laying and injurious pecking (Janczak and Riber,
2015; see also section LH5.3). More recently, fully tiered rearing aviaries have been developed. In these systems, day-old
chicks are confined for the first few weeks of life in warm central and lower tiers, then released at approximately 4 weeks
of age to move freely within the aviary system and make use of a littered floor area.

LH1.2 Conventional cages (CC)

This system developed in the middle of the last century to reduce contact of the bird with its faeces and thereby improve
hygiene and reduce parasitic diseases and mortality. It largely replaced mobile housing where both birds and stockmen
were often exposed to cold, wet, muddy conditions. Initially cages housed birds singly and were often simple wire and
wooden structures of the type which may still be found today in China, Africa and Asia in particular. Now, 3-6 birds per
cage and vertical or sloping tiers up to 7 or 8 high are usual with tens of thousands of birds per house commonplace. Over
time, to reduce costs, cage sizes decreased and number of hens per cage increased. A minimum legal space allowance
of 450 cm? per bird was prescribed within the European Community (EC) in 1988. In 1999 the EC specified (1999/74/EC)
minimum space allowances in cages of 550 cm? per hen of unrestricted area from 2003-2012, after which the system was
banned. This minimum space allowance currently applies in Victoria and other states in Australia. Conventional cages are
now being phased out in New Zealand (by 2022). As of 1 April 2017, no new conventional cages will be constructed in
Canada, with a 15 year phase-out period. In the USA a wave of restaurants, supermarkets and other retailers
(representing some 70% of US egg production) have committed to go cage-free within 10 years, a move that is taking
place alongside individual bans on conventional cages in some states (California, Michigan, Oregon). Countries such as
Taiwan have published guidance designed to encourage a voluntary switch from conventional cage production.

In the USA, standard industry practice was to house birds at just 340 cm? per bird, until a 2001 recommendation by the
United Egg Producers led to an increase of space to 67 to 86 in? (430 to 560 cm?) per bird. In many other countries, space
allowances of less than 400 cm? per bird are still commonly applied (see Section LH8.1).

A typical cage size is 0.45 m from front to back and in front height, reducing to 0.35-0.38 m at the rear. Welded wire mesh
flooring 2.5 x 5.0 cm is standard. Intensive conventional cages systems are fully automated, with each tier having: lines of
nipple drinkers filled by mains water via a small tank with a ball valve, a continuous feed trough in front of the cages with
feed distributed via augers and chain distribution from large external feed silos; belt collection of eggs that roll onto it, to be
conveyed for grading and packing which can also be highly automated, and manure removal via belts under the cages to
a deep pit under the house or to a separate room. A controlled environment enables optimum feed conversion efficiency.
The cages are very seldom uniformly lit, with birds in lower tiers experiencing very dim conditions, whereas those nearer
the light sources experience higher light levels. A row of lightbulbs above human head height is the most common form of
lighting but both horizontal and vertical fluorescent tube lighting is also seen.
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Figure LH1: Example of a Conventional Cage (dimensions vary) (from www.laywel.eu)

LH1.3 Furnished (enriched or colony) cages (FC)

Furnished cages were designed with the express purpose of improving hen welfare. The first commercial-scale trials of
furnished cages examined the performance and welfare of hens housed in groups of 4 to 8 birds, at spatial allowances of

between 470 cm? to 875 cm?/bird (Appleby et al., 2002). Commercial manufacturers began to produce cage systems

compliant with the European Union (EU) Directive (750 cm?bird, nest, perch and foraging facilities provided) but economic

pressures led them to produce cages for 20, 40, 60 or 80 birds. A distinction between large (LFC) or colony cages and
smaller furnished cages (SFC) is sometimes made. The reduction in capital cost for farmers wanting to invest in a new

system prevailed, and furnished cages for larger groups of hens became known as colony cages. These now predominate

in the EU.

For practical and hygienic purposes,commer ci al designs provide
optionally be scattered to encourage foraging and dust-bathing. Perch height and orientation (parallel with the feed trough
or at right angles and often both in a T configuration) varies considerably, with metal and plastic being common materials.

Floors of most furnished cages are wire and sloped, as in conventional cages, to enable easier collection of any floor

a

plastic

artifici

eggs, but there is no other reason precluding them from being level. All cages provide a nesting area which may have a
plastic mesh or an artificial turf floor to enable hens to perform some manipulation behaviour and to have a more
comfortable and defined surface than the wire floor on which to lay. These nesting areas are defined by strips of plastic

suspended from the roof of the cage and are often coloured and opaque to enable the hens to have a sense of enclosure.
As for conventional cages, feed troughs are placed outside the cage at the front.

Water Iine is located
on the wire mesh
separation  between
the 2 cages

manure drying
system

Nestboxes
7 € Feed trough with egg
belt underneath

nerches

Litter mat: artificial grass on
top of wire cage bottom

Figure LH2: Example of a Furnished Cage (from www.laywel.eu)
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LH1.4 Non-cage systems (NC)

Barns are non-cage systems that contain up to tens of thousands of hens, although these are often subdivided into
smaller colonies (e.g. of 4,000 birds) with simple, netting barriers to aid management or to meet the requirements of
assurance schemes. The EU Directive 1999/74 requires all barn systems in member states to provide a minimum 250 cm?
littered area per hen, with stocking rate not to exceed 9 hens/m? useable area. Each hen must also be provided with

15 cm of perch and 10 cm each of feeder and drinker space.

LH1.4a Single-tier barn (ST)

One of the simplest forms of housing, this can range from straightforward roofed barns with open sides that confine the
birds with netting or natural materials in tropical climates to large, insulated barns with controlled environment
incorporating fans. It can be described as straw-yard or deep litter. Most commonly there is a central, raised area (the
single tier) which is slatted and above which the feeder and drinker lines run; nestboxes are usually placed back to back,
centrally, with automated collection of eggs via egg-belts running underneath them. Hens may roost directly on the slats or
be provided with additional aerial perches. Droppings are usually cleared frequently using scrapers or manure belts but
deep pits for manure are also used. The rest of the floor has some form of substrate such as wood shavings, straw or rice
hulls in which the droppings accumulate to form a deep litter. It is extremely important for this to be kept friable to enable
foraging behaviour and reduce the incidence of injurious pecking. The maximum stocking rate for eggs to be described as
barn (deep litter) is 7 birds per m? under EC trading standards.

A variant of the single-tier barn system is the slatted or wire floor system, which reduces contact between birds and their
faeces. The system is not widely used, largely because multi-tier systems are becoming more common.

Figure LH3: Example of a Single-Tier Barn (from www.laywel.eu)

LH1.4b Multi-tier barn or aviary (MT)

A wide range of designs are now produced by commercial manufacturers for systems that provide multiple tiers for loose-
housed hens. These make use of the vertical space within a house and enable a greater number of birds to be kept on the
house footprint. In cooler climates the extra heat generated from more birds allows air temperature to be maintained close
to the thermoneutral zone. In theory, the birds have a greater choice of resources and the option to escape bullies by
moving to another level. An option being considered by some US producers is to provide colony cages with removable
fronts.

EC rules specify at least 0.025 m? of littered area per hen with at least one third of the floor area being litter (1999/74/EC).
Inthe EU up to 25 birds/m? are permitted in MT units with a minimum of 15 cm of perch space per bird. A popular aviary
system comprises modules of double tiers (2 raised levels) with feed, water, lighting and perches on every level with
separate banks of nestboxes offering flexible layout and easy bird inspection. This can also be adapted to incorporate
nestboxes within the tiers and to give birds access from both sides of the nests. It is generally simple to manage and
depopulate and ideal for low-roofed housing but does not maximise production per unit floor area. The company marketing
the Boleg terrace aviary claims its open design is like a tree, facilitating vertical movement by hens. It comprises banks of
4 tiers with nestboxes on the second level up from the floor, and the upper tier devoted to perching. Manure belts remove
droppings from levels 1 and 3. Portal aviary systems comprise two multi-tiered stacks containing feed, water and nests
with a top tier extending right across the top of both of them and the wide, central littered area or portal. This central area
is above head height and often accessible by vehicles such as bobcats thus facilitating litter management during the

Farmed Bird Welfare Science Review 23


http://www.laywel.eu/

laying period. The litter extends under the stacks over the whole ground floor. There is variation in design and layout but
they are generally suited only for both wide and tall houses (e.g. >12 m and >3 m respectively).

Figure LH4: Example of a multi-tier system (from www.laywel.eu) showing cross-section of an aviary with
integrated nestboxes. Designs and configurations of multi-tier systems can vary greatly.

LH1.4c Verandas

Any design of barn (orfree-r ange) housing may al s-@a odektengionsttattypicatlyare mofedinwi nt er
a similar manner to the main house but have simple wire or plastic mesh sides which allow fresh air and natural light to

pass through. Most are accessed via popholes from the main house and have a fully littered floor. Often, extra

enrichments in the form of discrete dust-baths, tree branches etc. are provided for the hens and additional feed, water and
supplements like grit or oyster shell may be offered. There are few scientific studies on verandas but they are thought to

be particularly useful in free-range systems if the birds unexpectedly have to be kept indoors because of disease

outbreaks or extreme weather. Verandas also often provide a greater level of natural light than the house. Verandas

therefore provide a useful intermediate area between the house and range in free-range houses. The change of light level

and temperature is more gradual and the veranda protects the house from the adverse effects of bad weather on litter

condition.

LH1.5 Free-range (FR) and organic systems

Free range systems typically provide an indoor ST or MT barn with additional access to an outdoor pasture area often via
popholes. Small-scale free-range systems may use mobile rather than fixed barn housing, with a construction similar to a
polytunnel on skids with simple natural ventilation and internal layout similar to more permanent single-tier housing. There
is variation between countries in the stocking density allowances for indoor and outdoor areas. Stocking rates are
generally lower in organic free-range systems. Organic schemes may also specify other requirements e.g. that hens
should not be beak-trimmed.

In non-European countries flock sizes can be far larger in both CC and NC systems. Examples of systems used in the
USA are provided by Zhao et al. (2015).

LH1.6 Backyard poultry

Backyard flocks are generally small, often less than 10 birds, occasionally reaching up to 50 or so birds. In the UK, poultry
flocks of more than 50 birds are required to register with the Animal and Plant Health Agency, for disease control
purposes; flocks of fewer than 50 birds are encouraged to register but this is not compulsory. In Australia, a flock of over
50 birds is considered to be a commercial flock. In Victoria, a property with over 100 birds must register for a Property
Identification Code to facilitate disease control activities. Backyard flocks may be kept very extensively or may be confined
to a small area. Sometimes a cockerel will run with the hens. The birds within backyard flocks will often be fed a variety of
food and may be able to forage and perform other natural behaviours. In one study of urban poultry keepers in the UK it
was found that poultry knowledge was poor, they rarely employed health prevention measures and they mostly
disregarded government feed restrictions for poultry (Karabozhilova et al., 2012).

LH1.7 The Australian laying hen industry

Data from the Australian Bureau of Statistics show that at 30 June 2016 there were over 15.6 million layer hens and
almost 4 million pullets in Australia (ABS, 2017a), an increase of 2 million layers and pullets (combined) in each of the
preceding two years (ABS, 2015; 2016). The gross value of the eggs produced in the financial year 2015-16 was
estimated to be 783 million Australian dollars (ABS, 2017b). Eggs produced from caged birds made up 63% of all
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production, with 30% from free range hens, and 7% from barn flocks (ABS, 2017a). There were 130 caged egg farming
businesses, 159 barn egg farming businesses and 1,539 free range egg farming businesses (ABS, 2017a).

LH2. FEED AND WATER

The nutrient requirements of laying hens are well-established. Here we review only those contexts where feeding
practices are a major contributor to welfare problems.

The nutrient requirements of laying hens have been well-established over many decades. Birds in all housing systems are
usually fed ad libitum with rations that enable high egg production and satisfy hunger. Clean water is also generally
available ad libitum in a manner that satisfies thirst. Dietary deficiencies are not specific to any one type of housing
system. Food conversion efficiency is similar in conventional and furnished cages (Valkonen et al., 2008; 2009) but tends
to be lower in non-cage systems, though some studies have reported no differences (e.g. Singh et al., 2009). The general
nutrient requirements of hens are covered in readily available texts (e.g. Nys, 2017).

Here we review briefly the contexts in which feeding practices may contribute to or cause specific welfare problems in
laying hens; namely bone strength and injurious pecking. Feed is also a relevant factor in the development of fatty liver
disease (LH3.10) and lack of feed (and possibly water) is a significant welfare issue during moulting (LH8.3c).

LH2.1 Relationship between diet, bone strength and risk of fracture

Dietary deficiencies can contribute to bone weakness and increased risk of fracture (LH3.3 and LH3.4), but effective
dietary strategies to address these problems require further research.

Calcium is the most important mineral in the structure of bone, and particulate sources of calcium (such as limestone or
shell) stay in the gizzard for longer than powdered sources and provide an available source of calcium during the night
when egg shell formation takes place. Increasing the amount or particle size of calcium has had a positive effect in some
studies (Saunders-Blades et al., 2009) but only affected shear strength in others (e.g. Cufadar et al., 2011), and the
magnitude of any effect does not appear sufficient to prevent bone fractures. Strategies to provide additional calcium
during the late evening or night when physiological demand is greatest may be a topic for future research (Bain et al.,
2016). Supplementation of diets with additional vitamin D (necessary for calcium absorption) had no effect on the
prevalence of bone fractures (Kappeli et al., 2011a).

Tarlton et al. (2013) found that feeding hens short chain omega-3 alpha linolenic acid (ALA) markedly (40-60%) and
significantly reduced the risk of keel bone fractures and significantly increased bone strength. However, the eggs from
these studies, though high in short-chain omega-3, did not contain the high levels of long-chain omega-3 required by
consumers. When hen diets were supplemented with high levels of long-chain omega-3 (mostly eicosapentaenoic acid
(EPA) in the form of fish oil the benefits were less clear, with those containing the highest EPA content actually having
detrimental effects on health and welfare of hens (Toscano et al., 2015).Thismayhavebeen due to the hensd
control prostaglandin levels when exposed to high levels of their EPA precursor. Other authors have reported no beneficial
effects of feeding different ratios of omega-3 and omega-6 on femur breaking strength. Feeding a diet enriched with
0.75% conjugated linoleic acid to hens also had adverse effects on their liver function, and increased signs of fatty liver
disease (Koronowicz et al., 2016). However, feeding a diet enriched with 10% flaxseed (a source of ALA) to older hens,
lowered the incidence of ovarian tumours and reduced overall mortality (Ansenberger et al., 2010; Davis et al., 2016).

Fasting hens towards the end of the laying period, or greatly reducing the quality of the diet to reduce feed costs which will
not be recouped by egg production can increase hunger and further reduce bone quality prior to catching and
transportation (Newberry et al., 1999).

LH2.2 Relationship between diet and injurious pecking

Dietary deficiencies can contribute to severe feather pecking, which reduces welfare. Increasing the fibre content of the
diet and maintaining adequate protein and amino acid levels throughout rearing and laying periods reduces the risk of
severe feather pecking.

Injurious Pecking (IP) is described in full in LH3.5.

Severe feather pecking (SFP) can be linked to dietary deficiencies especially relating to inadequate fibre content (Hetland
et al., 2003; Van Krimpen et al., 2005; 2009; Steenfeldt et al., 2007; Elwinger et al., 2008; Kriegseis et al., 2012; Qaisrani
et al., 2013; Rodenburg et al., 2013). Feeding additional fibre (8% vs 5%) to pullets can actually increase their weight gain
(Panaite et al., 2016) and improve gut function (Van Krimpen et al., 2009). The onset of feather damage was delayed by
10 weeks in one study by feeding hens a low-energy, coarsely ground, high fibre diet compared with a normal layer ration
(van Krimpen et al., 2008). In another study, feeding a high oil and fibre diet to FR hens was associated with reduced vent
injuries (Kalmendal and Wall, 2012). Ingesting small amounts of wood-shavings may be one way that birds can obtain
additional fibre in their diets; birds that ingested 4 g/day wood shavings had larger gizzards (Hetland and Svihus, 2007).
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Another potential fibre source is the feathers of other birds. These can be found loose on the floor, or can be removed
during SFP (Harlander-Matauschek et al., 2006; Harlander-Matauschek and Hausler, 2009). Hens with a high feather
pecking tendency will work at a higher rate in formal demand experiments to obtain feathers than hens with a low feather
pecking tendency (Harlander-Matauschek et al., 2006). Feather eating is correlated with the number of feathers found on
the floor in commercial non-cage systems, but only some researchers (e.g. Hartcher et al., 2016b) have found a positive
correlation between feather eating behaviour and plumage quality. This latter relationship was not observed by Riber and
Hinrichsen (2016b). Although the experimental inclusion of 10% shredded feathers to the diet reduced SFP bouts and
improved feather condition (Kriegseis et al., 2012), the causal relationship between feather eating and feather pecking is
not yet clear (Hartcher et al., 2016b).

Fermented forage sources can provide additional dietary fibre. In a Canadian trial, hens housed in FCs and provided with
an ad libitum laying hen ration consumed approximately 50 g/bird/day of barley silage, voluntarily reducing their
consumption of the accompanying concentrate ration by approximately 11%. This had no adverse effects on production,
bodyweight or markers of physiological stress but it significantly reduced aggression and SFP (Johannson et al., 2016). In
free-range systems hens have an additional opportunity to ingest forage material. This is both a potential bengfit (in
increasing fibre levels) and a drawback if the overall diet becomes unbalanced (see LH2.3).

Feather pecking has also been related to inadequate amino acid and protein levels. Feeding a purely plant-based diet
during rearing resulted in more vigorous feather pecking in pullets aged 13-16 weeks than a diet that included fishmeal,
but this was a short-lived effect (McKeegan et al., 2001). Van Krimpen et al. (2011) housed hens for 20 weeks and fed
them on either an entirely plant-based diet or on one of 4 diets containing meat or bone meal. The development of feather
pecking was delayed in hens fed the meat and bone meal compared with hens fed a bone-meal diet only. In some cases,
birds that initiate severe, cannibalistic tissue pecking appear to chase and hunt their companions as if they were prey.
Birds selected for high feather pecking appear to have altered feeding motivation, and show an increased number of bouts
and a faster rate of eating mealworms than low feather pecking lines (De Haas et al., 2010).

LH2.3 Free-range and organic diets

Free-range systems provide a potential opportunity for hens to obtain fresh forage, but at high stocking densities pasture
quality can be rapidly depleted. Diets that prohibit animal components may be short of some amino acids.

Free-range hens have the potential opportunity to obtain a proportion of their nutrient requirements from plants growing on
the range (Horsted and Hermansen, 2007). Hens with good and varied plant cover on the range are observed pecking
directly at plants (Breitsameter et al., 2014) and are able to maintain condition and rates of lay with only some
supplementary wheat feeding (Horsted and Hermansen, 2007). However, it is difficult to maintain pasture quality (Maurer
et al., 2013). Hens rapidly deplete the range, and as percentage sward cover falls, hens are observed to do more ground
pecking and less scratching, plant pecking and sward-directed pecking (Breitsameter et al., 2014).

Organic diets (and other diets that prohibit components of animal origin) may be short of essential amino acids. An organic
diet will not necessarily reduce bird welfare, but pullets grow better if organic diets are supplemented with certain amino
acids, such as methionine (Acamovic et al., 2008). Organic diets are required to contain a proportion of forage, which is
likely to have beneficial effects on hen welfare, and also can improve egg quality (Hammershoj and Steenfeldt, 2012).
Diets including insect protein are showing much promise, with no adverse effects on welfare detected in medium-growing
free-range female broiler hybrids (Biasato et al., 2016), although we can find no published work yet on laying strains.

LH3. RISK MANAGEMENT

LH3.1 Mortality

Flock mortality rate provides critical information about bird welfare. There is more information on flock mortality rate than
any other welfare indicator and large compilations of data show that mortality rates in furnished cages are lower and more
consistent than in other housing systems. Mortality rates in non-cage and free-range systems are highly variable.

Generally animal welfare is measured at the level of the individual, but much can be inferred from an assessment of

overall flock mortality rates. Indeed flock mortality rate is considered by experts to be one of the most important animal

welfare indicators for laying hens (Rodenburg et al., 2008b). An increase in mortality over expected levels (published

breed standards) should be a cause for some action. Unlike the focused culling seen in the broiler and broiler breeder

sectors (BB3.1a), laying hens are only rarely culled if, for example, they are found to be moribund or severely injured.

Many injuries (e.g. to the vent or keel bone fractures) are not easy to identify and it is also more difficult to identify and

capture ailing birds in large tiered cage or aviary systems. Where high levels of mortality are recorded there should be an

attempt to determine the causes in order to manage and recti!
with the challenges of their environment. If overall flock mortality is increased, the welfare of the birds that remain in the

flock is also likely to be compromised or threatened.
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In making overall assessments about hen welfare it is important to obtain widespread data on mortality in different types of

housing systems and assess how these relate to the expected breed standards. Data on mortality from experimental

studies and commercial farms often far exceeds the published breed standards, demonstrating the range of environmental

chall enges facing |l aying hens. Mortality rates are most ofte
are sent for slaughter, typically at approximately 72 weeks of age.

One of the first compilations of mortality data across different studies was conducted within the LayWel project (LayWel,
2006) which obtained data from 1.2 million laying hens, which had been studied in experimental trials (430 treatments) in
7 European countries. This study was done at time when furnished cages were in initial development (Laywel, 2006), so
few data were available on larger group colony cages.

The LayWel (2006) project reported significant differences in end of lay mortality according to breed and beak-trimming
status (Tables LH1a and LH1b), with seemingly smaller differences attributed to housing system, although there was high
confounding amongst some variables (e.g. many early trials on FCs used intact-beak birds; brown hybrids were more
likely to be placed in non-cage systems).

Table LH1a: Mean levels of mortality at end of lay

White Brown White Brown
beak-trimmed beak-trimmed intact-beak intact-beak
Mortality 3.0% 9.3% 10.5% 19.0%

Table LH1b: Mean levels of mortality at end of lay

CcC Small group FC Non-cage

Mortality 8.3% 7.1% 11.8%

Subsequently, Freire and Cowling (2013) conducted a simple form of quantitative analysis on 35 studies that had been
published between 1974 and 2010. Of these, 19 had reported comparative mortality data for conventional cages vs other
systems. 11/18 studies reported higher mortality in non-cage than cage systems, with no difference in mortality outcomes
for studies that compared CC and FC systems. Rakonjac et al. (2014) also concluded on the basis of a hon-quantitative
review of a selection of European studies published between 1995 and 2012 that non-cage systems tend to have higher
mortality.

A more recent and very thorough quantitative analysis of levels of mortality in 3,851 commercial flocks, recorded as part of
ten different scientific studies across Europe (Weeks et al., 2016), is shown in Figure LH5. Of those 3,851 flocks, 26 had
also been included in the analysis conducted by Freire and Cowling (2013) but this was the only overlap. The data from
Weeks et al. (2016) clearly illustrate the low mortalities now being achieved in commercial FC systems. Figure LH5 also
demonstrates that in a substantial minority of loose-housed flocks the levels of mortality can become extremely high.
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Figure LH5: Comparative levels of mortality in each housing system recorded at 60-80 weeks of age (medians and
inter-quartile range (IQR)
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For the purposes of this review, we extracted additional mortality data from recent studies that had not been included in
either the reviews of Freire and Cowling (2013) or Weeks et al. (2016) (Figure LH6; Table LH2). The unweighted means
(taking no account of number of studies or flocks contributing to each paper) present the same overall pattern, with lowest
and most consistent mortality from FC systems, and highly variable outcomes from non-cage systems.
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Figure LH6: Comparative levels of mortality (%) in each housing system (medians and IQR) derived from
(unweighted) studies listed in Table LH2

Table LH2: Average mortality (%) figures reported in studies not included in previous reviews

Study CcC FC Non-cage Free-range Organic
Agra CEAS, 2004 6.0 4.47

Anderson & Havenstein, 2007 8.7

Aral et al., 2017 3.93 1.98

Aral et al., 2017 2.86 2.78

Dikmen et al., 2016 1.25 6.25 1.88

Ferrante et al., 2009 4.24 2.43

Gerzilov et al., 2012 5.4 7.9 9.4

Golden et al., 2012 8.9 24.88

Guinebretiere et al., 2013 2.5

Huneau-Salaun et al., 2011b 3.2

Karcher et al., 2015 4.7 5.1 11.5

Landman and van Eck, 2015 4.3 14.1 18.9

Leenstra et al., 2012 (Swiss) 5.9 6.6
Leenstra et al., 2012 (French) 4.9 4.7
Leenstra et al., 2012 (NL flocks) 6.6 12.0
Mielenz et al., 2005 6.3

Petrik et al., 2015 1.29 2.13

Rodenburg et al., 2008a 2.3 8.0
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Study cC FC Non-cage Free-range Organic
Sterling et al., 2003 8.52

Van der Meulen et al., 2007 9
Weber et al., 2003 11 8.7 11.7

Weitzenburger et al., 2005b av 4.5

Unweighted mean 5.7 4.5 8.7 9.4 8.1

LH3.2 Causes of mortality

Hens are proportionately more likely to die from infectious or parasitic diseases in non-cage systems with access to litter.
In conventional cage systems where hens receive little exercise, osteoporosis and fatty liver disease are proportionately
more common causes of mortality. Injurious pecking is a major cause of death in all systems. Predation is a cause of
death in free-range systems.

Although overall mortality in cage systems is generally low, one of the principal causes is osteoporosis, which accounts for

the deaths of 20-35% of caged white hybrids (Enneking et al., 2012). Injurious pecking is another cause of death in caged

birds, with over 65% of FC mortality ascribed to this cause (Weitzenburger et al., 2005b). Not all deaths are submitted for

post-mortem examination and so assessments of cause of death from this source reflect non-random samples. However,

they can still be informative. Swedish post-mortem results revealed proportionately more deaths associated with bacterial

di seases such as erysipelas, viral diseases such as | ymphoid
coccidiosis, and cannibalism in non-cage and free-range flocks compared with birds in cages (Fossum et al., 2009) (Table

LH3). Sossidou (2011) also found increased mortality in free-range systems due to disease and parasitic infections.

Environmental microbiology assessments confirm a relatively high presence of aerobic and coliform bacteria in litter areas

in non-cage systems and on the scratch pad mats provided in FCs (Jones et al., 2015).

Fossum et al. (2009) also noted an association between vent-injuries or cannibalism and Escherichia coli infections such
as colibacillosis. High levels of infectious disease have also been reported in other studies of non-cage flocks (Weber et
al., 2003; Van der Meulen et al., 2007).

Table LH3: Causes of mortality in hens submitted for routine necropsy in Sweden (2001-2004) (Fossum et al.,

2009)

Housing system Bacterial Viral diseases % Parasitic % Cannibalism %
diseases %

Cages (conventional and 65 30 10 5

furnished not

distinguished)

Non-cage 73 11.6 18 19

Free-range 74 4.4 22 26

A recent survey of post-mortem results from 308 birds submitted from 15 non-cage houses on 3 farms in the USA (Kajlich
et al., 2016) found the following lesions (Table LH4):

Table LH4

Lesion Hens/308
Cloacal cannibalism 152
Keel bone deformation 150
Beak length abnormalities 124
Severe loss of feather cover 123
Cloacal prolapse 94
Foot pad dermatitis 75
Septicaemia 71
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Lesion Hens/308
Comb paleness 67
Toe damage 65
Enteric disease 35
Respiratory disease 34
Roundworms 33
Cage layer fatigue* 28
Enlarged crop 24
Feather pecking 23
Neoplasm 7
Northern fowl mites 5
Eye abnormalities 5
Skin lesions 4
Bumblefoot 2
Tapeworms 1
Lice 1

*The term cage layer fatigue is often used without a clear definition to refer to a variety of forms of bone disorder and
osteoporosis affecting (primarily) caged birds that have little opportunity to exercise, often resulting in total lameness,
paralysis and collapse. The term can also be used to describe a form of developmental bone disorder where characteristic
beading (knobs) are observed at the junction between ribs and vertebrae. This is the sense in which it is used by Kajlich et

al. (2016).

Smothering occurs when birds aggregate and pile on top of each other. A survey of UK free-range flocks found the
average number of birds killed during a smothering episode was 25, and that overall cumulative mortality due to
smothering was 1.6% (Barrett et al., 2014). Smothering can also be a significant cause of mortality in pullets during the
rearing period, where overall mortality is usually low (Sparks et al., 2008). Smothering accounted for 16% of all mortality in
intact-beak flocks, where overall mortality was high (Defra, 2015). Some smothering is linked to episodes of panic
(Richards et al., 2012a), which may be mitigated by improved rearing practices that accustom young birds to a wider
range of stimuli. However, panic is not the only cause of smothering. Hens can smother inside nest-boxes, or can engage
wen iorcthe outdaan rarge (Bright and n
Johnson, 2011). Some hens have been observed crowding into the same small areas, possibly associated with
synchronous dust-bathing behaviour, and then piling on top of each other (Campbell et al., 2016c), or circling slowly and
pushing underneath each other as if seeking shelter or cover. These behaviours may not always lead to smothering
(Campbell et al., 2016c) but they can do so. This type of smothering generally involves fewer birds than when a whole
flock panics, but nonetheless can lead to high overall mortality if episodes are frequent. Rearing birds with access to
perches may reduce smothering (Lay et al., 2011) and nest box design has also recently been found to affect smothering
risk, with nest boxes manufactured by some companies (unspecified) reducing the risk compared with those manufactured

in a form of

ficreepingo

by other companies (Rayner et al., 2016).

Trauma (Fossum et al., 2009) and other accidents (e.g. access to some types of string causing impaction and tongue
necrosis (Schlegel and Brash, 2015) can also lead to high mortality.

Predation in free-range flocks is an additional cause of losses. In intact-beak free-range flocks, predation accounted for
between 5 and 6% of overall mortality, depending on bird age at assessment (Defra, 2015).

Despite these average figures, well-managed and designed free-range systems can produce low-mortality outcomes.
Ferrante et al. (2009) reported much lower mortality in free-range than in barn systems (2.43% vs 4.24%). There is some
evidence (see LH3.13) that well-managed systems can produce birds with high immune function (e.g. Shimmura et al.,
2010b), able to deal with the additional disease challenges in their environment.

The high ovulation rate of laying hens makes them increasingly susceptible to ovarian cancer with age. Ovarian cancer
can often be detected in hens of 2 years of age, and by 3.5 years, over 30% of hens will have this condition (Johnson and
Giles, 2013). This makes the laying hen the best current animal model for human ovarian cancer studies (Johnson and
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Giles, 2013; Hawkridge, 2014). For commercial flocks depopulated at 70 to 80 weeks this condition has little welfare
impact. However, it is a relevant welfare concern for flocks that are moulted and expected to produce eggs in their second
year. It remains to be seen whether new strains that produce at commercial rates for longer (with predicted depopulation
age approaching 100 weeks) are also susceptible to ovarian cancer.

LH3.3 Bone fractures and damage

Laying hens are highly susceptible to fractures of the keel bone which can occur during the laying period (once healed

these are termed 6ol dé fractures) or at depopulation (see LH:
painful, even after the healing has taken place, and they restrict bird movement to some degree. As such, fractures are a

welfare concern. Fractures sustained during the laying period are observed in all housing systems but are most common

in systems which present a high risk of collision.

The prevalence of all bone fractures was assessed using radiography, for hens of diverse strains housed in conventional
cages. On average, 15.7% of birds had sustained a fracture by 65 weeks, with high variation between strains in fracture
incidence (which was greatest in Rhode Island Red lines) (Clark et al., 2008). Indentations of the keel bone were also
noted in between 36 and 88% of hens from these same lines (Clark et al., 2008). This fits well with the considerable body
of evidence emerging to indicate that many highly productive commercial laying hens in all housing systems have some
degree of abnormality of their keel bone. The extent of damage ranges from deviations (bends and twists) to multiple
severe fractures. The prevalence and severity tends to increase with the complexity of the housed environment. Keel bone
deviations appear to arise from contact of the keel with a perch during rest (Vits et al., 2005).

Keel bone fractures occur very rarely or not at all (Kappeli et al., 2011a; Richards et al., 2012b) during the rearing period.
The incidence of fractures increases with age in both cage and non-cage facilities (Richards et al., 2012b: Petrik et al.,
2015) (Table LH5).

Table LH5: Prevalence of keel fractures at different hen ages

Age (weeks) Richards et al., 2012b Petrik et al., 2015
20-25 55 8.2
30-35 25.5 36.0
45-50 49 46.3

55 63

65 66 48.2

>68 78.5

Several approaches have shown that keel fractures affect bird mobility (though this is not always apparent to the naked
eye). Hens with fractures are less likely to use pop-holes to access an outdoor range area (Richards et al., 2012b). Nasr
et al. (2012a; 2012b) found that hens with keel fractures were reluctant to move down from a perch but their latency to
leave the perch was reduced when they were given analgesic (pain killer) drugs. In addition hens with keel fractures
showed a preference for a place associated with analgesia (Nasr et al., 2013) whilst uninjured birds did not. These strands
of evidence strongly suggest that hens experience pain associated with keel fractures.

When comparing cage systems, the lowest prevalence of keel damage is reported in conventional cages (17.7% (Sherwin
et al., 2010); 24.8% (Petrik et al., 2015) with intermediate levels of keel damage reported in furnished cages (62%,
Rodenburg et al., 2008a; 31.7%, Sherwin et al., 2010; 36%, Wilkins et al., 2011). In small experimental floor pens, keel
fracture prevalences of 35% and 44% have been reported by 65 weeks of age (Kappeli et al., 2011a). However, birds in
FCs have greater bone-strength (LH3.4) and a far lower prevalence of fracture at depopulation (Sherwin et al., 2010).
However, it must be noted that the prevalence of new fractures, sustained during depopulation is higher for hens housed
in conventional cages than any other system (Sherwin et al., 2010). During depopulation, birds are caught manually by
their legs and, in cage systems, pulled through cage fronts, before being carried by the legs in groups and placed rapidly
into transport crates or modules situated at the one end of the house. The weaker bone strength of hens from CC means
that they are highly susceptible to any impact during this process.

Far greater levels of keel damage and fractures are observed in non-cage systems and there is a consensus that
collisions are the cause of most severe fractures of the keel (e.g. Fleming et al., 2004, who ruled out developmental
factors). In single-tier non-cage systems fracture rates of 501 78% (Wilkins et al., 2004), 60% (Nicol et al., 2006), 82%
(Rodenburg et al., 2008a), 591 67% (Wilkins et al., 2011) and 48.3% (Petrik et al., 2015) have been recorded. The highest
level of fractures occur in systems with the greatest combined available heights suitable for perching (97%, Rodenburg et
al., 2008a; 86%, Wilkins et al., 2011; 82.5%, Heerkens et al., 2016a). Such systems also result in fractures with much
higher severity scores (Wilkins et al., 2011), although the adverse effect of aerial perches itself depends on other farm
level factors and is apparent on some farms but not others (Donaldson et al., 2012). A study of two consecutive flocks
housed in an aviary system noted that 9.1% (flock 1) and 21% (flock 2) of all flights failed, with birds colliding with other
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hens, slipping on the ground or colliding with aviary structures (Campbell et al., 2016a). Landings on perches failed more
often than landings on litter. Designs of non-cage systems are changing accordingly, although there is still a need for more
information. A recent survey of Danish flocks aged 62 weeks (Riber and Hinrichsen, 2016a), confirmed that greater bone
damage occurred in multi-tier than single-tier systems (11.6 vs 4.9%) but the overall levels of damage were far lower than
have been reported earlier or elsewhere. A relatively low prevalence of 18.7% keel bone fractures in Danish organic flocks
(approx. 3,000 birds/flock) has also been recently reported (Hinrichsen et al., 2016), although levels were again higher in
flocks with MT indoor structures. Changing genotypes (or simply differences between white and brown hybrids), improved
design features within non-cage systems or differences in access to limestone (which could potentially influence bone
density) may all be explanatory factors for these lower levels of damage.

The height from which birds need to fly or jump down appears to be strongly associated with risk of damage and
inaccurate landings. This may partly be due to an increased force of landing with increased height. Banerjee et al. (2014)
found an average landing force for a hen jumping from a height of 41 cm to be 81 N, which increased to 107 N for hens
jumping from heights of 61 cm.

The risk of keel fractures increases when hens have to jump a distance of more than 80 cm vertically, horizontally or

diagonally to reach or leave a perch, or jump an angle between 45 and 90° (measured at the horizontal plane) (EFSA,

2015). MT systems are associated with an increased risk of bird collisions and falls and subsequent keel bone injuries

(Kappeli et al., 2011b). Good MT systems also provide a way for the birds to move down the tiers (and down to the litter)

without large jumps. Systems that incorporate soft-perches i.e. metal or wooden perches covered with approximately

3 mm thickness of soft polyurethane (Pickel et al., 2010; Stratmannetal.,2015b) and/ or ramps or Osterg
therefore preferable, and this is an active research area (Stratmann et al., 2015a; Heerkens et al., 2016b; Pettersson et

al., 2017).

LH3.4 Bone strength and disuse osteoporosis

Stronger and more flexible bones are less likely to sustain fractures. The provision of exercise, particularly during adult
life, increases bone strength.

Bones need to experience weight-bearing in order to maintain their structural strength. In conventional cages, the
restriction of movement is particularly severe, leading to considerably reduced bone strength that in turn makes the birds
susceptible to sustaining fractures of the leg and wings, during depopulation in particular (Sherwin et al., 2010). Indeed
these authors found that fractures at depopulation were nearly five times more common in hens from conventional cages
than from other systems. The bone weakness of confined hens has been termed disuse osteoporosis and cage layer
fatigue. Neither term fully describes the syndrome. Compared with conventional cages, the strength of tibia (leg) and
humerus (wing) bones (in particular) is improved in furnished or colony cages where birds exercise by moving on and off
perches (Wilson et al., 1993; Guesdon et al., 2004; Leyendecker et al., 2005; Vits et al., 2005; Jendral et al., 2008; Barnett
et al., 2009; Tactacan et al., 2009; Hester et al., 2013; Dikmen et al., 2016; Regmi et al., 2016b; Meng et al., 2017),
although one study found no significant difference (Onbakél al
content (Valkonen et al., 2010). Improved calcium and phosphorus utilisation in birds housed in FCs is also observed
(Neijat et al., 2011). As the complexity of furnished cages increases (e.g. German small group housing system) bone
strength again increases (Scholz et al., 2008b; 2009). Bone strength is generally further improved in non-cage systems
(Leyendecker et al., 2005; Lichovnikova and Zeman, 2008; Scholz et al., 2008b; Sherwin et al., 2010; Freire and Cowling,
2013; Dikmen et al., 2016; Regmi et al., 2016a; 2016b; Tumova et al., 2016). Although the rearing system has some effect
on adult bone strength, with early access to perches improving the bone mineral content of tibia, sternum and humerus
bones (Enneking et al., 2012), the opportunity to move and exercise in adult life has perhaps the major effect on adult
bone quality (Regmi et al., 2016b).

Most studies have found the greatest bone strength in both wing and leg bones in free range systems, which offer the
greatest freedom of movement in all directions and access to sunlight and dietary supplementation, as indicated in Table
LH6. This table, which is reproduced from Wilkins et al. (2011), compares bone strength in different housing systems,
highlighting the influence of design details such as the type of and placement of perches. The keel strength was measured
at two different points (A & B).
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Table LH6: Peak bone breaking strength (kg)

System Tibia Humerus Keel A Keel B
FR 229 18.7 31.4 high 13.9 high
FRAA 20.8 low 19.1 25.1 low 10.9
FRAS 23.6 21.9 high 27.6 115

oM 28.8 high 21.3 high 33.2 high 13.3 high
OMAF 243 23.4 high 29.4 12.7

oS 24.9 high 195 31.0 12.2
Barn 219 18.6 30.6 13.7 high
FC 19.1 low 14.3 low 23.6 low 9.7 low

The terms low and high indicate the most significant differences.

Barn = House with a single tier of slats raised above a litter area, FC = Furnished cage containing multiple raised perches,
FR = Free-range, FRAA = A-frame perches with additional horizontal bars above the apex of the frame, FRAS = Indoor
house equipped with aerial suspended perches, OM = Organic mobile, OMAF = Organic mobile equipped with two rows
of three fixed aerial perches, OS = House with a single tier of slats raised above a litter area.

Bone strength may be altered by genetic selection but there appear to be trade-offs between improving bone strength and
reducing egg quality (Stratmann et al., 2016). In this study, birds selected for higher bone strength also had significantly
higher mortality.

Delaying the onset of lay by approximately 2 weeks can increase bone density (Silversides et al., 2006). In a study that
manipulated lighting period, hence delaying the closure of bone growth plates, young hens were produced with longer
bones, but this treatment did not improve bone mineralisation or density in older adult birds at 66 weeks (Hester et al.,
2011). Bone strength can also be improved by the injection of bone anabolic compounds into fertile eggs (Saki and
Mahmoudi, 2015) but the commercial feasibility of such a strategy has not been evaluated.

The practice of forced moulting has a substantial negative impact on bone mineral density and content (LH8.3c).
LH3.5 Inter-bird pecking
LH3.5a Gentle feather pecking

Gentle feather pecking (GFP) of feather tips occurs commonly during both the rearing and laying periods (Lambton et al.,
2010; Gilani et al., 2013; Nicol et al., 2013). GFP is sometimes directly towards unfamiliar chicks as a form of social
exploration (Riedstra and Groothuis, 2002) or it can take a more stereotyped form. GFP results in minor plumage damage
so it is a welfare concern mostly because of its possible relationship with more serious types of injurious pecking. A
handful of studies have suggested that GFP may precede or develop into SFP in older birds, possibly because feathers
with minor damage and fraying become more attractive targets for more serious pecks in later life. However, the majority
of studies, especially those on commercial flocks, have shown no clear causal or temporal link between early GFP and
adult SFP (Rodenburg et al., 2013; Hartcher et al., 2015a). However, further work is needed to clarify relationships
between different types of inter-bird pecking.

LH3.5b Injurious (severe) feather pecking

Injurious severe feather pecking is a highly prevalent problem that results when normal exploratory or foraging pecking is
directed towards other birds. There is a strong genetic component to the behaviour but breeds have not yet been
developed with both a low tendency to peck and high productivity. The importance of preventing the development of
feather pecking during the rearing period is recognised. The use of a comprehensive package of management strategies
during both rearing and laying periods has been shown to significantly reduce (but not eliminate) injurious pecking on
commercial farms.

Severe feather pecking (SFP) is painful for the recipient, results in substantial plumage loss (Gunnarsson et al., 1999;
Bestman and Wagenaar, 2003; Drake et al., 2010; Lambton et al., 2010), skin damage, increased susceptibility to
infection (Green et al., 2000), loss of production, increased demand for food, and higher mortality (Bright et al., 2011; Nicol
et al., 2013; Rodenburg et al., 2013). The exposure of bare patches of skin can trigger subsequent tissue pecking which
can result in rapid mortality and cannibalism of living birds or of carcases. There is no clear relationship between gentle
feather pecking and severe feather pecking (Newberry et al., 2007; Lambton et al., 2010). However, there is a relationship
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between feather pecking and cannibalism (Cloutier et al., 2000; McAdie and Keeling, 2000; Pétszch et al., 2001), and
specifically between SFP and vent pecking (LH3.5c) (Lambton et al., 2015). Severe injurious pecking directed to the vent
area or near the preen gland can also arise spontaneously in the absence of prior feather pecking, so the risk factors for
each type of injurious pecking should be considered both separately and together.

All types of injurious pecking appear to be a form of normal pecking redirected inappropriately to another bird. If other
pecking substrates are less attractive than the feathers of a neighbour then pecks, normally directed towards litter
particles, may be directed at feathers instead. Birds with a strong foraging tendency when young may be those most likely
to show SFP when older (Newberry et al., 2007) and there are other strong breed relationships between foraging
tendency and tendency to feather peck (Klein et al., 2000). Absent or poor-quality litter is thus a major risk factor for
injurious pecking (IP) (Huber-Eicher and Wechsler, 1998; Nicol et al., 2001), with an inverse relationship seen between
time spent foraging on harmless substrates and time spent feather pecking (Klein et al., 2000). Reduced foraging
opportunities appear to interact with high levels of bird fearfulness or stress to increase the overall risk of feather pecking.
This interactive effect was demonstrated in a study by El-lethey et al. (2001) where birds housed on litter performed, as
expected, less feather pecking than birds housed on slats. But if the litter-housed birds were directly fed corticosterone,
increasing their plasma concentrations to levels seen under physiological stress, feather pecking rates increased
significantly. The important link with foraging has implications for considering feeding practices to reduce the risk of
injurious pecking. In epidemiological studies of hens housed on commercial farms, feeding mash rather than pellets has
been strongly associated with reducing the risk of SFP (Green et al., 2000; Lambton et al., 2010) and of vent pecking
(Lambton et al., 2015). Experimental trials have not always replicated this effect (Wahlstrom et al., 2001) but generally,
hens spend far more time foraging in diets presented in mash form, this in itself reducing the opportunity for feather
pecking. Protein source and other dietary factors also play a significant role in the development of SFP (see LH2.1).
Changes in diet, particularly if the new diet is of lower nutritional quality or contains less preferred ingredients than the
previous diet, are a strong risk factor for the development of injurious pecking (Green et al., 2000; Dixon and Nicol, 2008).
Gilani et al. (2013) reported a 64-fold reduction in risk of IP if the number of diet changes during the rearing period was
reduced by one.

There is a genetic component to injurious pecking evidenced by differential breed tendencies (Kjaer and Sorensen, 2002;
Hocking et al., 2004), by divergent experimental selection programmes (Kjaer, 2009) and by more formal genetic analysis
(Ellen et al., 2008; Alemu et al., 2016). In experimental studies it has proved easier to produce birds with very high or even
extreme levels of feather pecking (HFP lines), than to reduce feather pecking to consistently low levels (LFP lines)
(Labouriau et al., 2009). Further work is needed to establish the genetic x environmental interactions that affect indirect or
social traits, and the extent to which results obtained from birds kept in relatively small experimental groups can be applied
to situations where birds are kept commercially in groups of many thousands is not yet clear (Ellen et al., 2014; Alemu et
al., 2016). In addition, application to the commercial situation has been limited by the existence of positive correlations
between feather pecking and useful production traits, such as early onset of lay and the ability to use calcium to produce
good quality egg shells (Vaisénen et al., 2005; Su et al., 2006; Buitenhuis and Kjaer, 2008). In addition, behavioural
feather pecking traits are controlled by many genes with small effects, with Lutz et al. (2017) concluding that no one single
nucleotide polymorphism (SNP) had effects sufficient to justify its use in marker-assisted selection. In addition, obtaining
sufficient phenotypic data on long-term parameters such as later life plumage score is challenging (Sun et al., 2014). All of
these factors mean that it may prove more difficult than hoped for breeding companies to develop strains with phenotypes
that are both highly productive and unlikely to exhibit feather pecking. An alternative approach to selecting directly for the
feather pecking trait is to select birds on the basis of their ability to survive when housed in groups (Cheng et al., 2001a).
Birds selected for increased survivability in this way also show reduced cannibalism, fearfulness, markers of stress (such
as heterophil:lymphocyte (H:L) ratio) and measures of improved immune function such as higher ratios of CD4+ and
CD8+ T cells. In addition, when mixed with unfamiliar individuals, birds selected for high group survival have lower blood
corticosterone levels (Cheng et al., 2001a; 2002). The high survival lines also showed lower circulating levels of dopamine
and serotonin (Cheng et al., 2001b; 2002). The question is to what extent the (few) breeding companies that produce
commercial strain birds will utilise this basic research to prioritise a reduction in feather pecking as a trait for selection in
their breeding models, given that they produce birds for a global market.

Feather pecking, or feather damage ascribed to feather pecking, has been reported in 40% of rearing flocks by 5 weeks,
and 77% of flocks by week 14 (Huber-Eicher and Sebo, 2001a), in 54% of rearing flocks by week 16 (Bestman et al.,
2009), and in 60% of rearing flocks between 5 and 15 weeks (de Haas et al., 2014a), whilst severe feather pecking (SFP)
has been observed in 27% of rearing flocks by 16 weeks (Gilani et al., 2013). Feather pecking in young pullets can be
socially transmitted (Zeltner et al., 2000) either directly, or because slightly damaged plumage becomes a yet more
attractive pecking stimulus (McAdie and Keeling, 2000). Feather pecking may not result in injuries at this age, but is a
predisposing factor and strong risk factor for the later development of severe pecking in adult birds (Nicol et al., 2001;
Dixon and Nicol, 2008; Bestman et al., 2009; Drake et al., 2010; Gilani et al., 2013; Nicol et al., 2013; de Haas et al.,
2014a; Tahamtani et al., 2016). Bestman et al. (2009), for example, found that 90% of rearing flocks with feather damage
due to pecking continued to experience pecking in the laying period.

Studies on birds during the rearing period are more recent than work on adult birds and it is not yet known how best to
prevent the development of feather pecking in young pullets. Ideally good quality litter should be present during rear, with
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many studies showing that early feather pecking in chicks or young pullets is prevented or reduced by the provision of
good quality litter substrates (Huber-Eicher and Sebd, 2001b; Chow and Hogan, 2005; Bestman et al., 2009). However,
litter provision during the very early rearing period (1 to 21 days) does not always provide later adult protection. De Jong et
al. (2013a; 2013b) found that although young chicks used good quality substrates when they were available, this had only
marginal effects on their adult behaviour, with slight reductions in gentle feather pecking but no effect on feather quality in
older birds. Thus, although providing good quality pecking substrates during very early rear can reduce the risk of adult
feather pecking, it does not prevent it. The provision of suitable substrates during the later rearing and laying period
appears to have a greater effect (Nicol et al., 2001; de Jong et al., 2013a; 2013b). Adult birds are not constrained by their
early experience in terms of foraging substrate preferences and can readily accept novel, but suitable, materials (Nicol et
al., 2001).

In addition to providing a good, friable litter substrate, other ways of encouraging harmless pecking have been explored in
both young and adult birds. These include the provision of hay bales (Daigle et al., 2014), pecking strings (Jones et al.,
2000; McAdie et al., 2005), pecking objects (Moroki and Tanaka, 2016a) and pecking blocks (Holcman et al., 2008). Dixon
and Duncan (2010) found no effect of providing a peat moss substrate compared with wire on the pecking behaviour of
young chicks but the provision of foraging materials for older pullets significantly reduced feather pecking behaviour
compared to non-enriched treatments. Foraging materials were significantly more effective in reducing feather pecking
than other enrichments such as dust-bathing substrates, or novel objects (Dixon et al., 2010). Another study found a
positive effect of environmental enrichment (pecking strings, whole oats and increased litter depth provided from 12 days
of age) during the rearing period, but the effect did not persist or was not sufficiently strong enough to improve plumage
condition when the birds were 43 weeks of age (Hartcher et al., 2015a). Allowing free-range hens early access to the
range (18 weeks rather than 22 weeks) significantly improved plumage quality in later life (Petek et al., 2015).

The risk of more serious types of injurious pecking is greatly increased as birds come into lay (Newberry et al., 2007; Nicol
et al., 2013). SFP has been reported in 68.5% of free-range flocks at 25 weeks of age, and 85.6% of flocks at 40 weeks.
Levels of feather damage tend to worsen over the laying period (LaBrash and Scheideler, 2005), including in free-range
systems in Australia (Moyle et al., 2016).

Within cage systems, plumage condition is improved by increased space allowances (Elson, 2004, cited by Widowski et
al., 2016) and, in some studies (e.g. Meng et al., 2015; On b a ke# dl.,&2015) plumage condition is better in furnished
cages than conventional cages.

It is hard to compare the prevalence of severe pecking in cage and non-cage systems because feather loss (the most
common proxy measure of severe pecking) can also occur due to abrasion in cage systems. This may explain why in a
meta-analysis, Freire and Cowling (2013) found no overall difference between birds housed in conventional cages and
birds in other systems. Blatchford et al. (2016) also found better plumage cover in birds from aviaries than birds from
furnished or conventional cages, probably because of more abrasion in the latter.

In a systematic comparison of different housing systems comparing 26 flocks, Sherwin et al. (2010) found a lower
proportion of birds in free-range systems had substantial feather damage, but that these birds were more likely to show
(relatively mild) pecking wounds to the vent (see Table LH7).

Table LH7: A comparison between housing systems of feather damage and vent wounds

Housing system % hens with substantial % hens with signs of vent
feather damage wounds

Conventional cage 24.7 6.2

Furnished cage 24.9 1.6

Non-cage (ST, MT) 26.9 10.0

Free-range 15.5 225

In a study of 47 non-cage flocks, Heerkens et al. (2015) found better plumage condition in flocks with access to the range
than in indoor aviary flocks. Shimmura et al. (2008c) directly compared hens housed in ST aviaries and FR systems.
Although the proportion of time devoted to pecking behaviours was similar, the FR hens directed their pecking towards
foraging substrates on the range, whilst the aviary hens had a higher proportion of pecks directed to feeding, preening,
object and litter pecking, aggressive pecking and feather pecking. Within free-range systems, increased range use is
strongly associated with a reduced risk of injurious pecking (Green et al., 2000; Nicol et al., 2003; Lambton et al., 2010).

Early identification of the onset of injurious pecking is critical to manage this problem. Early warning signs which may
precede signs of feather damage include increases in hen vocalisations (with more squawks) (Bright, 2008) and
automated detection of overall flock movement patterns (Lee et al., 2011).
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Apart from beak-trimming, the most commonly used management strategy to reduce IP is to reduce light intensity
because SFP is increased under high indoor light intensity (Drake et al., 2010; Mohammed et al., 2010) (although
paradoxically reduced by increased range use in far higher natural light conditions). Long-term housing under low light
conditions can provoke other welfare problems including eye problems, difficulties in judging flight distances and
disruption of social recognition (reviewed in Nicol et al., 2013). Another potential strategy might be to spray the feathers of
birds with an aversive-tasting substance such as quinine salt, clove or garlic oil (Harlander-Matauschek et al., 2008;
Harlander and Rodenburg, 2011). Laboratory tests showed that this was highly effective in reducing the tendency of hens
to peck at isolated feathers but it might be difficult to implement commercially and it might have adverse effects on normal
self-preening behaviour. It might also taint the eggs.

It is clear from the studies reported above that the risk factors for IP are multi-factorial. Prevention and reduction of this
problem therefore requiresa multi-f act or i al response and there is good and grow
preventive measures can significantly reduce all types of IP on commercial farms. For example, Zimmerman et al. (2006)
and Nicol et al. (2006) in a study of 36 ST non-cage flocks found a significant reduction in IP and improved plumage
condition in flocks that implemented a policy of lights-off in nest boxes, change from bell drinkers to nipple drinkers; de
Haas et al. (2014a) found that an adjusted policy providing radios, pecking blocks and a choice of both nipple drinkers and
round drinkers significantly reduced SFP on 35 commercial farms. Lambton et al. (2013) identified 46 management
strategies that were expected to reduce feather-pecking and supported the implementation of these on farms through
facilitated discussions with the farmers. The 53 intervention flocks employed more of the management strategies than the
47 control flocks and as a result had significantly improved plumage condition. Irrespective of whether flocks were
intervention or control flocks, the more management strategies employed by the farmer the greater the benefit (Lambton
et al., 2013). The management strategies described in Lambton et al. (2013) are now available as booklets for farmers
and can be found at www.featherwel.org. The wider UK egg industry has supported these efforts to reduce feather loss in
hens(6 Code of Practi ce Boww.hriiisleeggin@éugtrgceuhail.cosuledmwnioadh CoPV7.pdf).

Mullan et al. (2016) were able to assess the impact of a package of industry initiatives designed to improve plumage
condition in UK free-range flocks in a study that included 830 farms in Year 1 and 743 farms in Year 2. A majority of
farmers reported that they had implemented new management strategies on their farms in Year 1, and rates of feather
loss correspondingly improved by Year 2, with, for example, severe feather loss on the back and vent regions decreasing
from 12.6% to 8.3%. The strength of evidence that such packages of measures can be effective has led to industry
adoption of management strategies specifically designed to reduce IP in non-cage flocks (Lion Code,
www.featherwel.orq).

LH3.5c¢ Injurious cloacal (vent) pecking and cannibalism

Vent pecking is an extremely serious form of injurious pecking with very high levels of associated mortality. It occurs
sporadically and unpredictably and there is only limited research on this topic.

Vent pecking is directed to the tissue surrounding the cloaca of another bird, whilst cannibalistic behaviour is the term
used for pecks directed to other areas of skin and tissue (Savory, 1995). Vent pecking is an extremely serious form of
injurious pecking because it is can lead to rapid victim death and because outbreaks of vent pecking are unpredictable
(Yngvesson et al., 2004; Lambton et al., 2015). It is not clear why some birds initiate cannibalism and why others become
victims. Yngvesson et al. (2004) found no evidence that, during oviposition, victims of cloacal cannibalism exposed their
cloacal mucosa any more than control birds. There is some evidence that, as for feather pecking, cannibalism can spread
via social learning (Cloutier et al., 2002).

Overall, relatively few studies have attempted to disentangle specific risk factors for vent pecking and cannibalism
separately from risk factors for SFP. The best information available suggests that low protein and low fibre diets have a
strong influence on the occurrence of vent pecking-related mortality (Hartini et al., 2002) and other risk factors are
illuminated nest-boxes, which may increase the visibility or attractiveness of the vent as a pecking target, the use of bell
drinkers, early onset of lay, a higher number of diet changes during the laying period (P6tzsch et al., 2001), the provision
of pelleted feed and certain configurations of perch provision (Lambton et al., 2015).

LH3.5d Aggressive pecking

Aggressive pecks occur during competition for resources, when unfamiliar birds meet, or when dominance relations are
being established. Although feather pecking is often described colloquially as aggression, the two forms of pecking have
different appearances and different underlying motivations. Aggressive pecks are usually directed towards the head region
of another bird whilst feather pecking is directed primarily to the back and tail regions. Low correlations have been
reported between feather pecking and aggressive pecking (Bessei et al., 2013). Birds that are able to avoid aggressive
encounters are not always able to avoid receiving feather pecks.

Aggressive behaviour is not a substantial welfare concern, occurring infrequently in non-cage and cage systems, with
actual fights uncommon (Freire and Cowling, 2013). Aggressive threats and pecks occur at rates of less than one per bird
per hour in commercial flocks (Hughes et al., 1997; Carmichael et al., 1999; Nicol et al., 1999; Oden et al., 2000) but can
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be higher during the process of hierarchy formation in smaller flocks of birds (Nicol et al., 1999). Aggression can also be
localised at points of resource competition (e.g. just outside nest boxes (Lentfer et al., 2013) and so house designs that
minimise local crowding will be generally beneficial.

LH3.6 Relationships between feather pecking (FP) and other traits

Feather pecking is often associated with higher levels of stress, fearfulness and activity but causal relationships are not
always clear.

If strong relationships between FP in young chicks and later adult FP were confirmed in commercial strains, then early
screening programmes could be developed. Currently, however, predictive correlations between chick and adult behaviour
are either too weak or too uncertain to support such investment. Prospective studies have produced mixed results. Some
have reported poor correlations between relatively-easily measured traits (such as fearfulness and exploratory tendency)
and later FP behaviour or plumage condition (Albentosa et al., 2003; Hartcher et al., 2015b), whereas others have
described significant relationships with these traits (Uitdehaag et al., 2008; de Haas et al., 2014a; 2014b).

Prospective studies are time-consuming to conduct and so there is more research examining general characteristics
associated with feather pecking. This work could potentially identity traits or mechanisms that could be targets for genetic
selection. Most studies have been conducted on experimental lines, particularly lines of birds that were originally
divergently selected in Denmark for high or low FP behaviour (Kjaer, 2009). Birds from these lines, selected for increased
FP also show greater stress responses to physical restraint (Kjaer and Guémené, 2009; Kjaer and Jorgensen, 2011),
fearfulness (Rodenburg et al., 2004; 2010); locomotor activity (Kjaer, 2009; de Haas et al., 2010); foraging behaviour (de
Haas et al., 2010), altered patterns of serotonin release and dopamine receptor type (Flisikowski et al., 2009; Kops et al.,
2014) and improved egg weight, shell thickness and feed efficiency (Su et al., 2006) compared with LFP birds. The HFP
birds are also more likely to eat feathers that have been removed than are LFP birds (Meyer et al., 2013; BRgelein et al.,
2014), but are less likely to persevere in certain operant tasks (Kjaer et al., 2015). Individual birds from these selected
lines show low correlations between their tendencies to either feather peck or perform aggressive pecks (Grams et al.,
2015), although some genetic correlations between these traits have been reported (Bennewitz et al., 2014).

Traits linked with FP have also been studied in a separate population of birds which were incidentally found to differ in FP
tendency (Riedstra and Groothuis, 2002; van Hierden et al., 2002; Rodenburg and Koene, 2003). These birds also show
positive associations between FP and locomotor activity (Rodenburg et al., 2004) and altered serotonin turnover in the
severe peckers (van Hierden et al., 2002; Kops et al., 2013). Birds selected for low group mortality due to cannibalism
showed lower fear levels towards humans (Nordquist et al., 2011).

LH3.7 Feather loss due to abrasion

Injurious pecking is not the only cause of feather loss and damage. Abrasion against the sides of cages can also lead to

feather loss, such that overall feather cover on the wings or the belly is worse in hens from conventional and furnished

cages than in birds from non-cage systems (Blatchford et al., 2016). Abrasion can be a significant economic and welfare

problem, with loss of plumage resulting in higher feed intake to maintain body temperature, particularly in cool climates.

Plumage damage that occurs as a result of abrasion is usually found on the underside of the neck, the primary wing

feathers and the tail (Rodenburg and Koene, 2004). Some studies have reported similar abrasion in furnished and

conventional cages (Appleby et al., 2002). Feather cover may be better when group sizes are small (less than 10) in

furnished cages (Guémené et al., 2004). The design of the furnished cage, in particular perch and feeder height, may be
involved in improving plumage by r educi nFgeiretehak, 199IApplebyetof st ep
al., 2002).

LH3.8 Foot health

Foot disorders are relatively common occurrence in laying hens housed in all systems. Skin thickening and infection of the
foot causes discomfort and may be painful.

The physical environment should provide hens with a comfortable floor to walk on, perches to rest on and a safe
environment to move around in that does not cause them injury. The floor substrate should enable foot health to be
maintained by not damaging the foot pad or allowing dirt/manure build-up (which leads to diseases like bumble foot).
Furthermore the hens should be able to scratch on a suitable hard surface to maintain a short claw length. Long claws can
become trapped leading to injury, and can cause scratches, wounds and an increased risk of infection to other birds.
Conventionally caged hens are more susceptible to elongated and damaged claws than hens in FCs (e.g. On b a kegdl..a r
2015) as they are unable to scratch and forage i abrasive materials may be fixed to the front of the cage to reduce the

risk but are often not effective or fitted. However, Vits et al. (2005) concluded that claw shortening devices worked

effectively to produce short claws in a range of different FC and small group housing systems.

Hyperkeratosis (thickening of the skin on the foot pad) is a common condition in commercial laying hens and it can
precede or be accompanied by bacterial infections leading to swellings and abscess formation (known as bumblefoot). In
one small-scale study, hens with foot pad dermatitis were faster to jump or fall from an elevated perch than healthy birds,
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suggesting discomfort associated with this condition (LeBlanc et al., 2016). Weitzenburger et al. (2006b) found moderate
hyperkeratosis and/or superficial epithelial lesions in 21% of hens, severe hyperkeratosis with deeper lesions and swelling
in 6% and very severe hyperkeratosis, deep and large lesions and substantially swollen foot pads in 2% of hens from FC
systems. Rénchen et al. (2007) found moderate hyperkeratosis in between 4.2 and 9% of birds in FC and aviary systems.
Hyperkeratosis was more common between the toe and claw for birds housed in a FC whilst hyperkeratosis of the sole
occurred more in an aviary system. More foot damage (Appleby et al., 2002) and compromised gait scores (Li et al., 2016;
Meng et al., 2017) are found in birds from conventional cages compared with birds from FCs. Blatchford et al. (2016)
noted more foot damage in hirds from conventional cages than aviaries but, as also noted by Dikmen et al. (2016), a
greater lesion severity in the non-cage bhirds. Generally, the wire floors of cages are a risk factor for hyperkeratosis but
exposure to dirty perches or litter increases the risk of bacterial infection. Heerkens et al. (2016b) found prevalences of
42% hyperkeratosis, 27.6% dermatitis and 1.2% bumblefoot in hens from 47 non-cage MT flocks. However, in a promising
development, the provision of ramps between perches has been shown to have a strongly significant beneficial effect in
reducing foot lesions in non-cage MT systems (Heerkens et al., 2016a).

Wire or slatted floors enable droppings to pass through and hence are more hygienic than litter floors: they are commonly
used in cages and in raised areas of group housing. Plastic flooring appears to have negative effects in comparison with
wire mesh flooring, being associated with reduced plumage quality (Whay et al., 2007; Heerkens et al., 2015) and higher
mortality and prevalence of wounds (Heerkens et al., 2015).

Toe pecking is an occasional and sporadic problem in laying hens, with a far lower prevalence than other forms of
injurious pecking, but with negative consequences for foot health (Krause et al., 2011). Birds that receive toe pecks also
show signs of elevated fearfulness (Krause et al., 2011).

LH3.9 Eye abnormalities

Eye abnormalities were lower in birds from non-cage systems than either furnished or conventional cages at 52 weeks of
age (Blatchford et al., 2016) although this effect was not apparent when birds were re-assessed at 72 weeks.

LH3.10 Haemorrhagic fatty liver syndrome (HFLS)

HFLS is predominantly a condition seen in caged hens with little opportunity to exercise. It is associated with morbidity
and reduced welfare.

This condition, abnormal accumulation of lipid in the liver, is due partly to inappropriate diet and partly to lack of exercise.
The ad libitum provision of low protein, high fat diets (Rozenboim et al., 2016) can lead to excess storage of fats in the
liver. The livers of laying hens become putty coloured owing to contents of up to 70% lipid (mostly triglyceride) and they
also haemorrhage. Excessive abdominal fat is seen, and the kidneys are often pale and swollen. Mortality is generally low,
but morbidity is high and egg production may fall. It is more common in conventionally caged layers which cannot exercise
to use up the excess energy (Kaufmann-Bart and Hoop, 2009). Hens in conventional cages are often heavier than hens in
non-cage systems (Sherwin et al., 2010), even when matched for breed and age (van Loon et al., 2004; Yang et al., 2014;
Regmi et al., 2016a). In furnished cages, between 46% and 54% of hens show signs of fatty liver disease (Weitzenbirger
et al., 2005b). The importance of exercise as a protective factor against harmful fat deposition patterns is shown by
studies that report lower triglyceride levels in free-range hens than in caged hens (Yang et al., 2014), lower abdominal fat
deposits in caged hens provided with perches (Jiang et al., 2014) and lower abdominal and liver fat deposits in hens from
aviary systems than hens from furnished cages (R6nchen et al., 2008). Simply providing perches in conventional cages
was insufficient to alter liver fat deposition and improve liver function (Jiang et al., 2014).

LH3.11 Parasitic infections

Most parasitic infections in hens can be prevented or controlled with appropriate veterinary medication. The control of mite
infestations is, however, a substantial challenge and threat to the welfare of laying hens.

LH3.11a Mites

Mite infestation can result in serious welfare problems for hens, causing discomfort, disturbed sleep, anaemia and death.
The prevention and control of mite infestation is difficult and further research on control methods is needed. Hens with
intact beaks are better able to remove mites from their own plumage.

The red mite, Dermanyssus gallinae, (with a worldwide distribution but rare in North America) and the Northern fowl mite,
Ornithonyssus sylviarum (in North America) pose significant welfare problems for laying hens. Red mite infestation can
result in hens becoming restless, with higher preening and head scratching rates during the day and at night (Kilpinen et
al., 2005). Infested birds are also more likely to feather peck, they are physiologically stressed with levels of adrenalin
(Kowalski and Sokal, 2009) and plumage quality deteriorates (e.g. Heerkens et al., 2015). Eventually birds will become
anaemic and less productive and can die if left untreated (Kilpinen et al., 2005). Red mite is therefore a serious welfare
problem and can also be a vector for the transmission of other diseases. The effect of the Northern fowl mite on bird
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welfare is less clear, with experimental infections having no effects of infestation on comb colour, comb temperature,

feather cover, or bodyweight but some neg®tive effects on th
Red mites spend most of their lives in refuges within a poultry house. They aggregate in clusters and locate the host birds

using a variety of cues, feeding on the hensd blood for shor:
preval ence of red mite is | ower in cage systems. As the compl e

does the risk of red mite infestation, as the mites have more places to live undetected. However, a counter influence is
that the provision of good, fine-particulate substrate that enables birds to express full dust-bathing behaviour can aid mite
control (Vezzoli et al., 2015a). In organic production systems, diatomaceous earth can be mixed with other dust-bathing
substrates to suppress mite infestations (Murillo and Mullens, 2016). In non-organic systems, control remains dominated
by the use of synthetic acaricides, although resistance and treatment failure are widely reported, particularly as it is hard to
treat every part of a complex housing system with birds in situ. New approaches to control are an area of urgent current
research, including biological control, barrier methods, vaccination, and the use of essential oils (e.g. George et al., 2010),
although the efficacy of these methods is variable and some have potential side-effects for birds. Given these challenges,
it should also be noted that birds with intact-beaks are far better able to reduce both lice and mite infestations by preening
(Mullens et al., 2010; Chen et al., 2011). Hot blade trimming compromises effective preening action to a far greater extent
than infra-red trimming (Murillo and Mullens, 2016).

LH3.11b Coccidiosis

Coccidiosis is a welfare problem that causes intestinal inflammation and severe morbidity and mortality. It has historically
been controlled by the use of anti-coccidial drugs. However, most pullets are now vaccinated rather than medicated, and
there is renewed interest in developing fully effective (and cost-effective) vaccines.

The welfare impact of coccidiosis on poultry is substantial because the potential for enteric disease or poor thrift is
universal. Control of the species of the protozoan parasites Eimeria and Tyzzeri, which cause coccidiosis, relies on
vaccination, or use of scrolling generations of antiparasitic drugs (coccidiostats or coccidicidal drugs) which become
ineffective as the parasite develops resistance. Because coccidia produce resistant oocysts, which can persist in the
environment for long periods, coccidiosis is very difficult to eliminate from intensively farmed poultry and particularly from
outdoor areas which cannot be effectively disinfected. Lunden et al. (2000) found a prevalence of coccidiosis of 19% from
57 flocks and 31% of 26 farms and also found that the risk of coccidiosis was not decreased by the practice of raising
pullets without coccidiostats, ostensibly to increase their immunity. Contrary to belief, coccidiosis is an emerging issue in
caged flocks, and not only a problem for birds with litter or outdoor access (Price et al., 2014). A particular challenge for
caged flocks is that chicks ingest highly variable doses of the live vaccine when administered by spray. Effective flock
vaccination depends on subsequent oral-faecal transmission between birds and this is harder to achieve in wire-floor
systems (Price et al., 2016). Indeed, this provides another line of argument in favour of the provision of foraging materials
for caged birds. Most pullets are now vaccinated rather than medicated, but the development of new vaccination
strategies is an important ongoing goal in a global climate which seeks to reduce the use of medication in agriculture, and
where bans on the use of many anti-coccidial drugs have been imposed in many countries.

LH3.11c Worms

Hens with access to litter or outdoor areas are more likely to become infected with worms. Heavy infestations may cause
welfare problems but hens appear to harbour minor worm burdens without adverse effects on welfare.

Hens in any husbandry system with access to the droppings of other birds may potentially become infected with a variety
of parasitic worms with similar impacts of suppressed welfare and productivity. The most common infestations are with
roundworm (Ascaridia galli) and caecal worms (Heterakis sp.). A survey of Swedish flocks, for example, found roundworm
infection rates strongly related to housing system (Jansson et al., 2010) (Table LH8).

Table LH8: Roundworm infection rates over two years

2004 2004 2008 2008
Housing System Flocks (n) Infection % Flocks (n) Infection %
Cages 42 2.4 46 4.3
(mostly FC, some CC in 2004)
ST barn 72 27.8 42 28.6
MT aviary 36 16.7 46 52.2
Free range/organic 35 48.6 35 77.1
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In agreement with this, Weitzenburger et al. (2005b) found no endoparasites in hens from FCs. Within non-cage systems,
access to the outdoors appears to be a bigger risk factor than access to litter per se (Heckendorn et al., 2009; Maurer et
al., 2009), although Papini and Cacciuttolo (2008) detected evidence of Heterakis infection in 50% of faecal samples from
a litter-based system in Italy. In some countries it is quite possible that all free-range birds are infected by the end of lay.
Infection rates can be reduced but rarely eliminated by good pasture management practices (Maurer et al., 2013). One
survey found eggs of at least one genus of nematode present in the faeces of all 19 UK flocks surveyed (Sherwin et al.,
2013). Thapa et al. (2015) assessed the overall mean European prevalence of A. galli to be 69.5%, with a mean burden of
10 worms per hen. Surprisingly in this study, the overall time on pasture was negatively associated with infection. Similar
infection rates for 12 organic flocks in Denmark were reported by Hinrichsen et al. (2016) who detected roundworm

(A. galli) in 56.1% of birds sampled. The overall mean European prevalence of Heterakis spp. was 29%, with a mean
burden of 16 worms/hen, and large variation between countries (Thapa et al., 2015).

The clinical welfare implications of helminth infection may depend on the age and condition of the hens. Sherwin et al.
(2013) found no associations between worm burden and other welfare indicators. Papini and Cacciuttolo (2008) noted no
adverse clinical signs of Heterakis infection, and Kilpinen et al. (2005) noted only lower weight gain in hens infected with
A. galli, with no changes in blood parameters or bird behaviour.

Parasites are developing resistance to anthelmintics, so traditional methods like pasture rotation and even regular
replacement of litter indoors may be needed with consequential increased labour requirement. Hygiene barriers at house
entrances were associated with a reduced risk of infection (Jansson et al., 2010). In Switzerland, rates of helminth
infection have consistently dropped as management practices have improved (Kaufmann-Bart and Hoop, 2009).

LH3.12 Infectious diseases

Intensively housed poultry are susceptible to many infections, most of which can be prevented by intensive vaccination
programmes. Birds with access to free-range systems are exposed to a greater risk of some infectious diseases.

The infectious disease challenge faced by laying hens may vary by country. Many infectious diseases are controlled by
vaccination, with vaccines available for Marekds disease
infectious bursal disease, avian encephalomyelitis, avian rhinotracheitis, infectious laryngotracheitis, egg drop syndrome,
erysipelas, and infections caused by Salmonella enteritidis and typhimurium, coccidiosis (see LH3.11b), Mycoplasma
gallisepticum, E. coli, and Pasteurella multocida. Not all flocks will receive all of these vaccinations, but in Europe pullets

will receive most of these vaccinations during a short period of time during the rearing phase. Vaccinations can be given in
drinking water, as a flock spray or by bird injection. The sheer number of vaccinations to be scheduled, the stress

associated with handling and injection, and the side effects of some of the vaccinations (e.g. reduced immune function,
Prandini et al., 2016) means that (although protective of long-term health) the vaccination programme itself can become a
welfare challenge.

Birds in free range housing systems are the most susceptible to infectious disease because they have the greatest
exposure to potential vectors of disease (wild birds, rodents, wild animals) and biosecurity is more difficult to maintain. For
example, antibodies to Erysipelothrix rhusiopathiae (the infectious agent causing erysipelas) were significantly higher in
free-range flocks than from all other housing systems. In agreement with this, the number of erysipelas outbreaks in
Swedish flocks, recorded between 1998 and 2011, was highest in free-range, followed by other non-cage systems. No
outbreaks were diagnosed in conventional cage or furnished cage systems (Eriksson et al., 2013). High prevalences of
infectious diseases (e.g. erysipelas, fowl cholera (Pasteurella multocida), blackhead (caused by the protozoan
Histomonas) and septicemic E. coli) are also reported in organic systems (van der Meulen et al., 2007; Stokholm et al.,
2010). However, improvements in vaccination availability and attention to biosecurity and control strategies have resulted
in decreasing levels of viral disease in Swiss flocks in the years following the ban on conventional cages (Kaufmann-Bart
and Hoop, 2009). Zoonotic diseases caused by Salmonella and Campylobacter spp. are mostly a concern for human
health, although subtle changes in competitive behaviour and flock movement patterns have been observed in
experimentally infected birds (hens, Toscano et al., 2010; broilers, Colles et al., 2016) and so there may be bird welfare
implications of these diseases that have not been fully evaluated. Studies that have orally inoculated hens with Salmonella
enteritidis have not detected any increased pathogen shedding or colonisation in non-cage systems (De Vylder et al.,
2009). Indeed one experiment found that hens in conventional cages continued to exude pathogen for a longer period
than hens in FCs or non-cage systems (De Vylder et al., 2009), another study identified conventional cage housing as a
specific risk factor for Salmonella shedding (Van Hoorebeke et al., 2010) whilst Wierup et al. (2017) found no evidence of
increased Salmonella occurrence in indoor outdoor laying flocks. In a study of 4 free-range farms there was no apparent
relationship between faecal corticosterone metabolite concentrations and the extent of Salmonella prevalence in the
environment or faecal shedding by the hens (Gole et al., 2017). Jones et al. (2016) detected significantly higher proportion
(95%) of CC hens testing positive for Campylobacter compared with FCs (91%) and non-cage (85%) birds housed on the
same research farm.
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LH3.13 Immune function

Immune function is compromised by stress. A newly emerging research area concerns the optimization of the chicken gut
microbiota to enhance immune function.

Assessing immune function is difficult as measures of function will necessarily be affected by the antigens and pathogens
that hens are exposed to. A study comparing the immune function of hens housed in CC, non-cage or FR systems found
no clear differences in innate immune responses, but did note specific immune responses affected by housing conditions
(Van Loon et al., 2004).

Stress can impact negatively on immune function. Indeed some researchers have suggested that certain immune
measures (pro-inflammatory gene expression) provide a more robust measure of stress than more traditional measures
such as corticosterone, as the immune measures are less sensitive to factors such as bird handling (Wein et al., 2017).

Specific studies have reported that hens in conventional cages (with generally high stress responses) are less resistant to
experimental infection with Salmonella than hens from colony cages (de Vylder et al., 2009; Gast et al., 2013). A recent
study also found many other measures of immune function (heterophil function, CD4+ and CD8+ T cell proportions and
antibody production) were all improved in hens from furnished cages compared with hens from conventional cages (Matur
et al., 2015). Pullets raised in FCs are also more resilient than pullets raised in CCs when faced with the stress of
transportation, showing increased heterophil function, CD8+ T cell and antibody production (Matur et al., 2016). There is a
genetic component to immune function too, with hens from lines selected for low mortality in group-environments
demonstrating greater cell-mediated immunity (Fahey and Cheng, 2008b).

In non-cage systems, despite or because of the increased challenge from pathogens, immune function can be high
(Shimmura et al., 2010b). For example, mRNA levels of IL-2 gene expression in the spleen was greater in free range than
in caged hens (Yang et al., 2014), and antibody titres after vaccination were higher against infectious bronchitis virus and
campylobacter in birds from aviaries than in birds from FCs, although birds from FCs showed a higher antibody response
to Newcastle disease virus (Auerbach et al., 2014).

There is an emerging evidence base that feeding probiotics to laying hens may reduce reproductive pathologies (Shini et
al., 2013), facilitate a better gut microflora (Forte et al., 2016a) and enhance some aspects of immune function. For
example, dietary supplementation with Lactobacillus acidophilus was reported to enhance the production of antibodies
against Newcastle disease virus (Forte et al., 2016b).

LH4. FACILITIES AND EQUIPMENT: BEHAVIOURAL NEEDS

Hens have behavioural needs to perform comfort movements, foraging and nesting behaviour, and there are negative
welfare impacts if these behaviours cannot be performed. Hens also appear to have a need to perch at night, but further
research is needed to establish whether this need is satisfied by providing elevated resting areas rather than graspable
perches. Evidence of a behavioural need to dust-bathe is less clear.

Facility construction should account for poultry behaviour. In unconstrained and enriched pens, hens allocate their daylight
time budget to many different activities, as shown in Table LH9. Different authors categorise standing, perching and

resting in slightly different ways, but these activities

with feeding and foraging activities.

Table LH9: Laying hen time budgets

Behaviour Mishra et al., 2005 Channing et al., 2001 Shimmura et al., 2010a
(FR birds)
% Time

Feeding/foraging 11.57 21.8 Not reported
Walking 10.86 8.7 11.8
Preening 4.18 6.9 Not reported
Dust-bathing 0.67 1.6 2.4
Scratching 0.98 5.9 2.3

Drinking 1.36 3.1 Not reported
Nesting 14.75 0.8 6.0
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Behaviour Mishra et al., 2005 Channing et al., 2001 Shimmura et al., 2010a

(FR birds)
Standing 12.89 447 Not reported
*approx. half of this on perches
Perching 13.56 See above Not reported
Resting 27.72 5.4 Not reported

Other (e.g. wing flapping, 1.46 11
flying, feather pecking,
aggression)

Information about the unconstrained time budget of hens is a first step towards establishing their behavioural needs, but
additional information is required on their strength of motivation to perform different activities when kept under managed
conditions. Hens are highly motivated to perform comfort behaviours such as wing stretching, and the motivation to
perform these behaviours increases during periods of restriction e.g. due to spatial confinement (Nicol, 1987).

LH4.1 Behavioural need for a nest

Internal motivation to seek a suitable nest site increases prior to oviposition. If a suitable nest site is located hens are
highly motivated to sit and to show rudimentary nesting behaviours for up to one hour before they lay their egg. If a
suitable nest site is not located, hens show signs of frustration and elevated measures of stress are observed.

There is an internal component to nesting motivation such that, approximately 1-2 h before oviposition, hens become
increasingly active and restless and start to search for a suitable nest site. Potential nest sites are inspected closely before
one is chosen for nesting and egg laying. Whilst nesting, hens alternate between sitting and (vestigial) nest building
activities such as turning, floor scratching, and manipulating potential nesting materials such as pieces of straw. If such
highly preferred substrates are absent, then almost any material will be pecked at and placed around the body. Hens have
preferences for nests that can be moulded by their own bodies, but they will accept pre-formed nests, provided these
permit some of the nest building activities mentioned above (Duncan and Kite, 1989). The majority of hens sit in the nest
for between 17 and 25 min before oviposition (Cronin et al., 2005; Hunniford and Widowski, 2016), with total time spent in
nests ranging from 23 to 65 min (Heinrich et al., 2015). Many studies have shown that hens have a high motivation to
access a preferred nest, particularly as the sitting phase approaches, and this motivation has been measured by
observing hens squeezing through narrow gaps (Cooper and Appleby, 1996) or pushing through weighted doors (Cooper
and Appleby, 2003). In this latter study, at approximately 20 minutes prior to oviposition, hens worked at a higher rate for
nest access than is seen for access to feed (after a 4 hour deprivation period). There have been mixed reports about the
extent to which nest deprivation increases physiological stress. Yue and Duncan (2003) observed rapid pacing when
access to an habitual nest was blocked, but no changes in egg shell calcium deposits. Cronin et al. (2012) found no
increase in egg albumen corticosterone level when access to a nest box was prevented but Alm et al. (2016) found that
exclusion from nests in furnished cages was associated with a marked increase in faecal corticosterone metabolites (from
approximately 550 ng/g dry matter, to approximately 750 ng/g dry matter) and in heterophil:lymphocyte ratio (from 0.11 to
0.15). Corticosterone measured in egg yolk showed a more variable response, with a rise for a few days followed by a fall,
whereas corticosterone measured in plasma showed the greatest increase after the period of exclusion had ended (Alm et
al., 2016). If stress associated with nestbox exclusion is linked to the timing of nesting motivation prior to oviposition, then
measures that integrate stress over a prolonged period of time may not be very sensitive in this context.

LH4.2 Behavioural need for a perch

Evidence for a behavioural need to perch is complex and the different components of perching have not been fully
considered until recently. It seems that hens are highly motivated to seek elevated areas at night for roosting, but further
research is needed to establish whether birds need to grasp a rounded pole with their feet, or whether roosting motivation
is satisfied by elevated platforms or grids that may pose less of a risk of bone damage.

The evidence reviewed above suggests that perches have some benefits for bird health, encouraging stronger bones and

reducing the risk of some types of foot condition. However, they also present an increased collision risk and so the costs

and benefits of providing perches must be carefully weighed.
perch. This is complicated by the fact that the concept of perching has at least 3 different potential meanings (EFSA,

2015). A bird may have a need to grasp a rod-like structure with its feet, to seek an elevated viewpoint, or to reach an

elevated point with or without a view. In decidingwh at mi ght count as a fAperchodo ideally
separately but until very recently, the scientific literature has not distinguished these possibilities.
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LH4.2a Seeking elevation (at night): roosting

If perches are provided they are highly utilised at night for roosting (Olsson and Keeling, 2000). Brendler et al. (2014)
found virtually 100% utilisation at perch heights of 90 cm or above in small experimental studies. On farm studies also
demonstrate high night-time perch use in commercial flocks (Oden et al., 2002) with hens showing a preference to roost at
the higher positions in aviaries and multi-tier systems (Campbell et al., 2016b), both on higher tiers and on more elevated
perches within those tiers (Brendler and Schrader, 2016). More formal evidence of a high motivation for night-time
roosting comes from studies showing frustration if access to perches is denied (Olsson and Keeling, 2000) or assessing
the effort expended by hens. Olsson and Keeling (2002a) found that hens would work at 75% of their maximum capacity
to reach an elevated perch. The motivation to seek an elevated area is reduced in caged hens by a competing motivation
to avoid contact with the cage roof. Provided there is a minimum distance of approximately 20 cm between the top perch
and the cage roof, hens prefer to roost at night on the highest perches available over a range of 6 to 36 cm but cage

heights of |l ess than 55 ¢cm restrict hensé capacity to perch

evidence that those in higher positions are any less vigilant than those on lower perches (Brendler et al., 2014).

LH4.2b Seeking elevation (daytime)

Daytime perch utilisation is far more variable than night-time roosting and formal motivational demand experiments have

not been conducted. Daytime perching is thought to enhance

fearfulness observed at a flock | evel in flocks with perches

The need to perch during the day can be influenced by the presence and behaviour of other birds. Being part of a larger
group may reduce fearfulness in some individuals and reduce the perceived need to perch as an anti-predator response
(Newberry et al., 2001). Competition for perch space in larger groups may also reduce individual perching duration so, in
FCs, group size can reduce utilisation (Chen et al., 2014). However, social facilitation may play a counter-role in larger
groups, and in other studies perching behaviour has been shown to increase with group size in FCs (Guo et al., 2012).
Restricted cage height means that hens will often select lower perches than they would otherwise prefer (Rdnchen et al.,
2010; Chen et al., 2014).

LH4.2c Grasping

Grasping is the act of wrapping the toes around a (rod or stick) perch, via active or passive flexion of the toes. Chickens
have feet that are capable of grasping. However, in comparison with many other species, the feet of chickens are less
specialised for grasping, as chickens make greater use of their feet for locomotion and for scratching for food (Sustaita et

al ., 2013). Schrader and Muller (2009) offered hens differen:

perches, or hdrgdas paabplasidgridd)foonight-time roosting. Hens showed a strong preference for high
structures over low, and a weaker preference for perches over grids presented at the same height. When forced to make a
choice between high grids or low perches, birds selected on the basis of a preference for height. Further support for the

predominance of the height preference comes from studies

wi t |

roost on @rhisplabirednti er i s st toperd within & lbwertier {BreedlerandpfScheatiee,r e n c e
2016). Whether there is any separate figraspingo motivation

LH4.2d The need for a perch

Although there is evidence that laying hens are frustrated if they are unable to access perches that they have previously

used at night, evidence that hens fAmisso perches if they

hens are housed in conventional or furnished cages either with or without the provision of a perch, no differences in stress
response (plasma catecholamines, corticosterone, 5-HT and adrenal weight) have been observed in commercial breeds
(Barnett et al., 2009; Yan et al., 2013; 2014). Similarly controlled studies to examine stress responses have not been
conducted with non-cage flocks.

The provision of perches can reduce aggression in small groups of hens (Cordiner et al., 2001). In non-cage flocks it
would seem beneficial to allow highly-motivated night-time roosting on elevated structures, but these may be achievable

by providing appropriately-d e si gned grids, ramps and platforms that do
but that do minimise risks of injury and fracture (Stratmann et al., 2015a; Heerkens et al., 2016a; Pettersson et al., 2017).
Such provision may also be beneficial during the rearing period (see LH9). Within non-cage systems further research, to
consider how hens use all of the structural elements provided, is still needed (Campbell et al., 2016b). It is also possible
that the fear-reducing properties of perches could be met in other ways e.g. by providing ground-level covered areas or
refuges (Freire et al., 2003).

If perches are provided they should be non-slip (Scott and MacAngus, 2004) (but of a material that minimises risk of red
mite), and sufficiently wide (4-6 cm) to minimise pressure (Pickel et al., 2010; 2011a) and meet hen preferences
(Struelens et al., 2009). Hens do not appear to have strong preferences based on perch colour (Chen and Bao, 2012) but
they do prefer perches of rectangular or square shape (Chen et al., 2014). Square perches result in less pressure on the
keel area (Pickel et al., 2011b) but experts recruited for an European Food Safety Authority (EFSA) workshop suggested
that such perches should at least have rounded edges to avoid injury (EFSA, 2015). In FCs a minimum length per bird of
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15 cm (not including cross-points) is required to enable most birds to perch at the same time. The length of perch space
required in non-cage systems is not clear and will depend on the provision of other elevated structures, especially within
MT systems. Scientific studies have not yet been conducted on the benefits of providing perches of varying widths and
shapes to allow birds choice and to vary pressure points.

LH4.3 Behavioural need to forage

Foraging dominates the laying hen time budget and hens show a strong motivation for this behaviour in formal demand
experiments. Restrictions on foraging increase the risk of birds directing their foraging behaviour towards other birds
(resulting in injurious pecking LH3.5).

The provision of ad libitumf eed does not remove the hensd need to engage in
of free food, hens may still choose to expend energy in a range of foraging behaviours, a phenomenon sometimes called
contra-freeloading (Lindgvist and Jensen, 2008; 2009). The additional energy expenditure would, under natural conditions,

be balanced by increased information about patterns of food availability in the environment. Domestication has reduced,

but not eliminated, the hensd strong motivation to forage (L
importance of foragingr esources is to employ consumer demand t hotherry to ¢
known, yardsticks such as demand for food. Gunnarsson et al. (2000b) investigated the demand of caged hens for a litter

substrate and found that all subjects would work (by pecking a key on schedules that varied from 5 pecks to 200 pecks for

each resource access) to obtain straw.

LH4.4 Behavioural need for dust-bathing

Dust-bathing is a behaviour that occurs in healthy hens under good environmental conditions and is therefore a good
marker of high welfare. It plays an important role in plumage maintenance and ectoparasite control. Dust-bathing
motivation is intermittent and dependent on environmental cues. The role of consistent internal motivation is less clear
than for foraging, stretching, nesting and night-time roosting.

Dust-bathing shows a clear diurnal rhythm and under unrestricted conditions, hens dust-bathe about every 2 days (Olsson
and Keeling, 2005). Dust-bathing functions both to remove feather lipids thus improving plumage insulation (Olsson and
Keeling, 2005), and to remove ectoparasites (Martin and Mullens, 2012; Murillo and Mullens, 2016). The presence of a
suitable substrate is an important stimulus for eliciting dust-bathing, and hens seem to prefer substrates with a fine
structure and low lipid content, such as sand and peat which are better at penetrating and cleaning the plumage (de Jong
et al., 2007; Scholz et al., 2010; 2011). Preferences depend partly on early experience (Olsson et al., 2002; Orsag et al.,
2012) but can be revised by exposure to new substrates in adult birds (Nicol et al., 2001; Wichman and Keeling, 2009),
and fine-grained substrates are readily accepted by inexperienced adults (Wichman and Keeling, 2008). Dust-bathing is
further increased if the substrate is combined with light and heat.

Full sequences of dust-bathing comprise many elements, including beak raking, turning, wing shaking and scratching,
followed by stationary lying interspersed with further rubbing and scratching movements before the hen stands and
shakes (Olsson and Keeling, 2005). The performance of a full sequence of dust-bathing returns motivation to baseline and
is a good indicator of positive welfare. In many commercial settings, particularly in FC environments, incomplete
sequences of dust-bathing are observed (LH5.2).

The extent to which dust-bathing in a managed environment (with assumed control of ectoparasite levels) can be
considered to be a behavioural need is still a matter for debate. Dust-bathing appears to be a low-resilience behaviour that
is forfeited when other needs are more pressing. It has been suggested that chickens allocate time to this behaviour as
and when the opportunity arises (Widowski and Duncan, 2000). Experimental studies show it to be a lesser priority than
other behaviours (e.g. Petherick et al., 1993; Keeling, 1994) and compensatory rebound in this behaviour is not seen in all
studies (e.g. Guesdon and Faure, 2008). However, hens are more likely to choose dust-bathing substrates after a period
of restriction (Arnold and Hemsworth, 2013). The opportunistic timing of dust-bathing may also explain why many birds are
often seen to dust-bathe simultaneously in groups.

LHA4.5 Social behaviour

Hens are social birds and their behaviour is strongly influenced by others. Aggression and fearfulness are reduced when
hens are kept with other familiar birds. Hens in small groups distinguish between individuals and form social hierarchies,
but do not appear to form particular attachments. Hens in large flocks adopt different social strategies to avoid aggression.

Under natural conditions, chickens live in social groups where they recognise and respond differentially to other

individuals. The exact nature of the group alters as chicks are hatched, reared and disperse, or as food reserves and

seasons change. A typical chicken group size cannot be specified too closely, but unconstrained chickens are often seen

associating in groups of between 3 and 30 individuals. Once group size exceeds around 100 individuals, chickens cannot

di stinguish between famil i aKeelng 803).nf ami |l i ar birds (D6éEath anj
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Adult birds housed in small groups (of less than about 100) prefer familiar breeds, and familiar birds over unfamiliar birds

and tend to direct aggression towards wunfamiliar i ndiThei dual s
individual identity of familiar companions is also distinguished (Abeyesinghe et al., 2009) but there is no evidence that
adult hens form specific preferences for other individuals (

by social isolation (Weldon et al., 2016) but there is no evidence that adult hens (at least under non-threatening
conditions) have a preference to be with other birds at all (Arnold and Hemsworth, 2013).

Familiarity, and also the individual identity of familiar conspecifics, is primarily assessed using visual cues (Abeyesinghe et
al., 2009). Familiar chickens in small groups establish dominance hierarchies, initially using threats and aggression.
Aggression decreases more rapidly when pullets are placed in CC or FC systems at the start of lay than in non-cage
systems (Shinmura et al., 2006a). Once the hierarchy is established, subordinate birds are able to move within close
proximity of more dominant individuals and exhibit normal behaviours such as dust-bathing (Shimmura et al., 2010a).
Aggression was higher in groups of 10 pullets than in groups of 40, where birds had more space to avoid others (Liste et
al., 2015). If aggression does occur in small groups it can also be reduced by providing elevated structures such as
perches that enable subordinate birds to move away from dominant birds (Cordiner et al., 2001), and aggression (as
indicated by comb wounds) is reported to be lower in FCs than CCs (Hetland et al., 2003), likely for this reason.

Increasinggroups i ze makes it more difficult for hens to distinguish
2003) and behavioural strategies are altered. In larger groups fights are avoided by attending to simple cues (e.g. avoiding

heavier birds) rather than by remembering established relationships (Pagel and Dawkins, 1997) but hens may avoid

performing certain behaviours such as dust-bathing in the close proximity of unfamiliar birds (Shimmura et al., 2010b).

Aggression in hens (not to be confused with injurious pecking) is often triggered when an energetic behaviour is directed
towards another bird, and interpreted as a threat (Rodriguez-Aurrekoetxea and Estevez, 2014) and is more likely to occur
in medium-sized groups of birds (approx. 100 to approx. 500) when social hierarchies are not fully established. In larger
commercial non-cage flocks of hens aggression generally occurs at low levels (see LH5.3).

A degree of synchrony in the performance of behaviours such as feeding, dust-bathing and resting is a common
occurrence in small and large flocks of chickens (Collins et al., 2011). Synchrony can arise because each individual
responds independently but in the same manner to the current environment. Thus, the majority of birds feed together at
every run of the chain feeder, and most laying hens fly up to the perches in an aviary system at lights out. In these various
studies, synchronous behaviour of the chickens occurs largely because the environment provides circadian or other cues
that influence individuals in the same way. Chickens can also attend to and match the actions of their companions. Hoppitt
et al. (2007) for example, found more synchrony in behaviour within groups than between groups housed in the same
environment. Both of these effects can lead to spatial clustering (Collins et al., 2011) unless space is constrained to a
point where hens try to maximise their distance to other birds (Albentosa and Cooper, 2005).

Facilities should account for the tendencies of hens to synchrony or cluster. For example, the length of feed troughs
should ideally be sufficient to enable all birds to feed at once (Knierim, 2000). Mathematical modelling based on the
average bird widths suggested that this could only be achieved by a 10% reduction in stocking rate for white hybrids and a
20% reduction in stocking rate for brown hybrids (Briese and Spindler, 2013). At normal FC spatial allowances of

750 cm?/bird, birds will have, at times, to share feeder space. This may be possible and will not necessarily result in
aggression (Thogerson et al., 2009a; 2009b). At equivalent stocking rates, sharing of space is facilitated by keeping birds
in larger cages and larger group sizes (Appleby, 2004).

LHS. FACILITIES AND EQUIPMENT: BEHAVIOURAL USAGE

Behaviour in conventional cages is severely constrained with evidence of negative effects on welfare. Behaviour in
furnished cages is also constrained but to a lesser degree. There can be problems with resource use and competition
within the furnished cage environment. Behaviour in non-cage systems is not directly constrained but levels of problematic
behaviours such as injurious pecking, collisions and smothering are often greater.

LH5.1 Behaviour in conventional cages

The spatial restriction of the conventional cage prevents or constrains the performance of most comfort movements, and
there are no resources to meet the birdsé roosting and nesti.
feed trough.

At the high stocking rates and small cage sizes typical of a conventional cage, hens are effectively prevented from
performing even simple locomotor and comfort movements. In a classic paper, Dawkins and Hardie (1989) recorded the
unrestricted behaviour of brown hybrids. They presented the following ranges of space occupied to turn around (540 to
1,006 cm?), stretch wings (653 to 1,118 cm?), wing flap (860 to 1,980 cm?), preen (814 to 1,270 cm?), and ground scratch
(540 to 1,005 cm?). More recently, in a video kinematic study of white hybrid layers, Mench and Blatchford (2014)
determined the space required by hens to stand (563 cmz), turn around (1,315 cmz), lie down (318 cmz), and wing flap
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(1,693 sz)_ The mean heights utilised were, for standing (34.8 cm), turning (38.6 cm) and wing flapping (49.5 cm).
Lohmann Silver hens occupy 545 cm?when standing (Briese and Hartung, 2009).

These basic figures do not take into account the capacity of hens to share space (a factor that increases with increasing
cage and group size at the same stocking rate, Appleby (2004) which could reduce spatial requirement. But neither do
these figures take into account the tendency of hens to cluster and perform behaviours in synchrony (LH4.5), attributes
which could increase spatial requirements. Savory et al. (2006) observed hens in groups of 5 or 6 in adjustable test pens
at 600, 2,400, 4,800, 7,200, 9,600 and 12,000 cm?/bird. The greatest constraints were observed at 600 cm?/bird compared
with 2,400 cm?/bird, but the authors concluded that any space allowance of less than 4,800 cm?/bird imposed some
constraint on behaviour.

Observations taken of the behaviour of birds in commercial conventional cages confirms that many behavioural activities
are constrained. Rhim (2014) compared birds housed at 420, 660 and 940 cm?/bird (group size 5 in all treatments) and
found that comfort movements such as preening, walking and stretching were increased at higher spatial allowances,
whilst sleeping and inter-bird pecking were reduced. Appleby et al. (2002) noted more comfort behaviour by hens in small
furnished cages than hens in conventional cages. A meta-analysis of 35 separate scientific studies showed that comfort
behaviour is performed at a far lower level in conventional cages than other systems (Freire and Cowling, 2013), a finding
confirmed in other reviews (Lay et al., 2011) and in more recent papers from China (Li et al., 2016; Meng et al., 2017). Li
et al. (2016) reported more walking in all types of FC compared with CC, and more preening, nesting, scratching, perching
and social behaviour in some designs of FC compared with CC. Hens do not adapt to spatial restriction, their motivation to
do the restricted behaviours shows a compensatory rebound which increases with duration of confinement (Nicol, 1987).

The lack of resources such as any litter material means that hens cannot show dust-bathing behaviour in conventional
cages, although their motivation to do increases with time as indicated by rebound levels of dust-bathing if litter is provided
after a period of restriction in a conventional cage (Colson et al., 2007).

Fear responses to novel objects (Colson et al., 2006) and fear responses indicated by tonic immobility (Li et al., 2016) are
greater for hens in conventional cages than hens in aviaries (Colson et al., 2006).

The production of hens kept at a space allowance of 361 cm?/bird is lower than that of birds kept at 482 cm?/bird
(Anderson et al., 2004) but no differences in feeding behaviour were noted for hens kept at space allowances between
458 and 465 cm?/bird (Cook et al., 2006).

LH5.2 Behaviour in furnished or colony cages

Colony cages provide sufficient space to enable hens to show comfort behaviours such as stretching and preening,
although other behaviours such as wing flapping are still spatially constrained. Nests and perches go some way to
satisfying nesting and roosting motivation but designs could be further improved and layout needs to be considered to
avoid competition. The scratching area appears to be insufficient for full expression of foraging and dust-bathing
behaviour.

Compared with conventional cages, hens in furnished or colony cages show lower levels of aggression (Hetland et al.,

2003; Shimmura et al., 2006), and more comfort behaviour (Shimmura et al., 2006; Shimmura et al., 2007a; Pohle and

Cheng, 2009a). They are also more able to dissipate heat during hot weather by adopting appropriate postures (Guo et
al., 2012), an effect that halved mortality in one study (Guesdon and Faure, 2004).

Col ony cages provide some of the resources nthesdigndalfarm. sati sfy
Although, as noted in section LH5.1, behaviour is far less constrained in a furnished cage than a conventional cage,

competition (Shimmura et al., 2007c) and constraints on space can affect full behavioural expressions. Albentosa and

Cooper (2004) observed no wing flapping at all in small furnished cages designed to house 8 hens (at 762 cm2/bird), even

when stocking rate was reduced to 2 birds/cage (3,048 cm2/bird). The rate of performance of other comfort behaviours

such as wing stretching and tail wagging decreased with higher stocking rate.

Most hens will use the enclosed nest area of a colony cage for egg laying (Abrahamsson and Tauson, 1997; Appleby et
al., 2002; Cooper and Appleby, 2003), although a minority prefer to lay eggs in more open locations (Zupan et al., 2008)
and occasionally birds end up using nests as a refuge area (Shimmura et al., 2008a). Nest usage has improved since
early studies (e.g. 43-68%, Guesdon and Faure, 2004) and now nest usage rates of over 85% are the norm in published
studies from Europe, Turkey and Canada (e.g. Wall, 2011; Guinebretiere et al., 2013; On b a ket dl.,&2015; Alm et al.,
2016; Hunniford and Widowski, 2016 (for cage-reared birds). As furnished cages designs have continued to improve, nest
usage levels of over 95% have been reported (Platz et al., 2009; Huneau-Salaun et al., 2011b; Bovera et al., 2014).
However, detailed attention to design is important and nest use could be further encouraged by the use of artificial turf and
other small modifications (Wall et al., 2002; Struelens et al., 2005; Guinebretiere et al., 2013). Plastic nest floors are linked
with higher mortality in furnished cages (Guinebretiere et al., 2013). Not all types of nest floor or curtain design have yet
been compared although some UK funded studies are ongoing. Hens in FCs may need more than one nest area to show
fully settled nesting behaviour (Hunniford and Widowski, 2017).
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Perches are widely used for night-time roosting but have mixed effects on plumage condition, with improvements to
feather cover on the back, but reduced condition of the breast and tail areas (Hester et al., 2013). A small number of hens
lay whilst perching, which can result in dirty and broken eggs. This problem may be reduced if low (7 cm vs 24 cm)
perches are used (Tuyttens et al., 2013) as the resultant increased disturbance of daytime perching leads to a greater
utilisation of the nest (Tuyttens et al., 2013). However, this solution is something of a trade-off and it might be better to try
to improve the attractiveness of nests for the perch layers. That said, the optimum height of a perch within a cage
environment is not known. Low perches are used for night-time roosting and may even be preferred by birds in cages
where the distance from the perch to the cage ceiling is a constraint (Chen et al., 2014). The provision of perches within
FCs reduces the number of birds that sleep in the nest and improves food conversion efficiency (Valkonen et al., 2009). In
calculating the perch length required within a FC, it should be recognised that cross-points cannot be fully used (Struelens
et al., 2008a).

Providing an area for scratching and foraging activities is also problematic. Most designs of colony cage include a mat
placed over an area of wire floor where small amounts of feed are distributed but these behaviours are rarely expressed in
their full form. In addition, Guinebretiere et al. (2012) found that rubber mats were readily destroyed and adding litter only
increased wear and tear on the mat. Some cages deliver small amounts of feed as litter material onto an artificial-turf mat
in the main area of the cage but this can be rapidly depleted and birds can be excluded from the scratching area by
dominant hens (Shimmura et al., 2008a; 2008d).

Separate dust-bathing facilities are not generally available for hens in colony cages, and the provision of loose materials
such as peat or sand is technically difficult and/or has adverse effects on air quality. In addition, individual birds have
specific substrate preferences and their dust-bathing behaviour is influenced by previous experience (Olsson et al., 2002),
so finding a solution that suits all birds is not straightforward. Floor-reared birds tend to show more dust-bathing in FCs
than cage reared birds (Roll et al., 2008). Studies that have provided a separate dust-bath within a furnished cage have
noted a binomial distribution in usage, with half of tagged birds using the facility very frequently or nearly every day, but
the other half rarely if ever using it (Wall et al., 2008). In commercial designs of FC where no separate dust-bath is
provided, hens are expected to dust-bathe within the matted area provided for scratching and foraging. This area is
normally covered with an artificial turf mat, but these are not always well used for dust-bathing (Alvino et al., 2013; Lee et
al., 2016; Louton et al., 2016). Average bout lengths of dust-bathing are approximately one third of the duration of bouts
seen in non-cage litter systems (Platz et al., 2009). This lack of use is not due to social exclusion (Olsson and Keeling,
2002b) but rather to inadequate space and substrate provision. Hens in FCs with artificial-turf mats are more likely to
perform sham dust-bathing on wire, and more likely to show more frequent but incomplete bouts of dust-bathing (Alvino et
al., 2013; Louton et al., 2016) than hens in less constrained conditions provided with fine particulate substrates. Dust-
bathing behaviour can be encouraged within a FC environment by, for example, increasing the size of the mats (Louton et
al., 2016) or sprinkling quantities of feed, or powdered feed with smaller particulate size (Moroki and Tanaka, 2016b) on
the mat. The frequency with which this is done produces a linear increase in dust-bathing behaviour (Lee et al., 2016) but
still does not rbatkinglbehaviour, andl this pranticé May dotibe tonsidered a feasible management
strategy by some producers. The relatively high lipid content of feed makes it a rather unsuitable substrate for dust-
bathing (Scholz et al., 2014b). Rubber mats in the pecking and scratching area of the cage appear to be more accepted
by hens for dust-bathing behaviour (Guinebretiere et al., 2015). Another promising approach may be to consider the use
of modified floor types (Merrill and Nicol, 2005) or slightly friable (sand, or wood and oyster shell) blocks which stimulate
dust-bathing (Guinebretiere et al., 2014) and would seem to have few negative effects on the overall house environment.

As group size increases within a colony-cage environment, indices of stress have been reported to increase (Scholtz et
al., 2008a) but not to levels seen in small group furnished cages (Scholz et al., 2008a). In addition, birds within larger
colonies (and larger cages) have more room for locomotion and movement (Weitzenburger et al., 2006a; Shimmura et al.,
2009). Bovera et al. (2014) compared hens housed in groups of 25 or 40 (at the same 750 cm?/bird spatial allowance) and
found no differences in mortality. They did not assess indices of stress but they did note that a slightly lower proportion of
eggs laid outside the nests in the groups of 40 (1.9% vs 2.6%).

LH5.3 Behaviour in non-cage systems

Behaviour in non-cage systems is relatively unconstrained although individual birds may not access all areas of the house.
Welfare problems of injurious pecking and smothering, and production losses due to floor eggs can arise. Good
management of non-cage systems is challenging.

Non-cage systems provide sufficient space for all locomotor and comfort activities, and provide birds with access to the
resources required for their priority behaviours i foraging, perching, nesting and dust-bathing. MT systems also provide
birds with options for refuge if they are being attacked (Freire et al., 2003). The provision of a litter area for foraging may
be one of the most significant benefits of a non-cage system. However, litter areas are not always easy to manage and
can become compacted and damp, a risk that increases with stocking rate (Kang et al., 2016). The fear levels of birds with
damp litter are higher than those of birds kept with dry, friable litter floors (Campo et al., 2009).

Aggressive behaviour is generally infrequent in non-cage systems. Actual fights are rare and one quantitative assessment
of previous studies found the risk of aggressive pecking to be no greater than in caged systems (Freire and Cowling,
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2013). However, a more recent paper reported greater feather damage on the head (likely caused by aggressive pecking)
in aviary systems than in furnished or conventional cages (Blatchford et al., 2016). Aggressive threats and pecks occur at
rates of less than one interaction per bird per hour in many large or commercial flocks (Carmichael et al., 1999; Hughes et
al., 1997; Nicol et al., 1999; Oden et al., 2000; Zimmerman et al., 2006; Rodenburg and Koene, 2007). If aggression does
occur it is most likely to do so at points of resource competition (Lentfer et al., 2013) and can be targeted at a minority of
birds who receive a disproportionate amount of aggression (Estevez et al., 2003; Freire et al., 2003; Appleby et al., 2004).
Their welfare is a cause of considerable concern. These victimised birds often scurry rapidly from one hiding place to
another, their abnormal behaviour seemingly attracting further aggression as they attempt to find shelter under fittings or
in nestboxes. They may rarely venture out for food and water due to the extreme risk of attack.

Bird distribution is not always even within a non-cage system (Channing et al., 2001; Lentfer et al., 2013) and individual
birds may restrict themselves to certain locations within the house (Oden et al., 2000; Freire et al., 2003) though birds do
not tend to stay in social subgroups. The risk of injurious pecking and cannibalism is higher in non-cage systems,
particularly if hens have intact beaks, because a bird that engages in this harmful behaviour has access to many more
potenti al Avictimso than a bird in a cage.

Non-cage systems are associated with a higher occurrence of smothering problems (LH3.2).

If some hens do not use the nest boxes within a non-cage system then the resultant floor eggs are difficult to collect and
likely to be dirty or broken. A small minority of birds appear to find enclosed nest boxes unsuitable for laying, such birds
also appear to be more restless (Zupan et al., 2008) but just as motivated to reach an open nesting site as the majority of
birds are to reach an enclosed nest (Kruschwitz et al., 2008). Increased pre-lay restlessness is not associated with
elevated stress (Cronin et al., 2012) and may simply reflect a different nesting strategy adopted by a minority of hens. If
some types or positions of commercially-provided nests are not accepted by hens, this can lead to crowding and
gregarious nesting in the more preferred locations, particularly locations at the ends of rows or on the boundaries of
outdoor pens (Clausen and Riber, 2012; Riber, 2012a; 2012b), with a likely concomitant increase in the risk of smothering.
In the immediate period after the onset of lay, young birds are attracted to nests which are already occupied by other birds
though, with time, this tendency towards gregarious nesting declines as individuals develop their own nest-box
preferences (Riber, 2010). In commercial non-cage systems large group nests are the norm, despite the preference of
many individual hens for smaller or partitioned nests, particularly during early lay (Ringgenberg et al., 2014; 2015b).

Improving nest box design e.g. with provision of preferred design features e.g. yellow nest walls (Huber-Eicher, 2004;
Zupan et al., 2007), rubber or artificial grass rather than plastic nest floors (Buchwalder and Frohlich, 2011) and a
relatively shallow slope of the floor (Stampfli et al., 2011) are all features that hens prefer. The most important influence on
nest selection, however, appears to be the provision of some form of nesting material (Freire et al., 1996; Struelens et al.,
2008b). The sight alone of nesting material can trigger nesting behaviour in some birds (Hughes et al., 1995). Straw is
preferred over peat or wood-shavings as a nesting material (Clausen and Riber, 2012). When hens nest in preferred
locations their nesting behaviour is more settled and, contrary to the lack of association seen between restlessness and
physiological stress during the pre-lay period, interrupted and restless nesting behaviour is associated with an increase in

measures of physiological stress (Cronin et al., 2012).

increase nest usage and reduce the proportion of eggs laid elsewhere. In many commercial systems nests have thick and
opaque plastic strips (curtains) hanging over the nest entrance, providing an even greater degree of seclusion. The
presence of such strips neither encourages nor discourages egg laying (Struelens et al., 2005) but does seem to result in
more settled nesting behaviour (Struelens et al., 2008b). A closed front curtain provides the greatest degree of seclusion
but limits important nest inspections that are made possible by curtain strips (Stampfli et al., 2012). It should also be
recognised that hens in non-cage systems have strong preferences for the nest boxes positioned at the ends of the row,
independent of other features (Clausen and Riber, 2012). It may be that these are the most memorable positions and that
hens use location cues to ensure they return to the same nest on subsequent days. However, attempts to assist hens use
the same nest by providing more subtle visual cues were not successful (Ringgenberg et al., 2015a). Location or position
cues may take precedence as a memory aid. Alternatively, this preference for corner boxes might derive from a perception
that they offer a reduced risk of predation or disturbance (Riber and Nielsen, 2013).

Acceptance of nest boxes can be encouraged by providing perches or raised tiers during the rearing period to allow birds
to practice the stepping and hopping movements that may be needed to access nest boxes (Gunnarsson et al., 1999;
Colson et al., 2008) and by making nest access as easy as possible in the commercial house e.g. by placing platforms
rather than perches just outside the nests (Lentfer et al., 2011; Stampfli et al., 2013). Strategies for managing birds on first
arrival in the house are also essential. Allowing birds to inspect nests before the onset of sexual maturity is also beneficial
(Sherwin and Nicol, 1993). When new birds arrive in the house, practices such as confining birds to the slatted areas near
the nest boxes, not allowing access to litter substrates, not allowing access to the outdoor range, placing electrified wires
on parts of the litter floor where eggs might be laid can inadvertently increase the risk of injurious pecking. Modifying these
practices (e.g. to allow newly housed birds access to litter during afternoon periods when most egg laying has finished)
can help solve both problems (Lambton et al., 2013).
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There have been few studies directly comparing the behaviour of birds in single tier (ST) and multi-tier (MT) systems. One
study found lower levels of SFP in MT than ST systems (de Haas et al., 2014a). MT systems provide more perching space
but bird movement can also be constrained by the structural features of the system and birds may not access all areas of

the house. In free-range units, birds from MT systems may not see or be able easily to access, the popholes, for example.

LH5.4 Behaviour in free-range systems

Range access has benefits in reducing overall stocking density and greatly increased opportunities for birds to perform
foraging, exploratory and dust-bathing behaviours. This reduces the risks of injurious pecking. The benefits of outdoor
access have to be weighed against risks of disease and predation. Veranda systems may provide better overall welfare
than free-range in some environments.

Access to the outdoors allows hens to spread out to preferred distances when foraging, typically greater than 5,000
cm?/hen (Savory et al., 2006), and greatly expands behavioural options, especially if the range offers a variety of plant
types (Breitsameter et al., 2014). On good quality range, hens may spend much of their active day engaged in foraging
behaviour, searching for, investigating, selecting, extracting, and ingesting preferred food items (e.g., grass seeds,
earthworms, and flying insects). They also ingest grit, engage in sun bathing and dust-bathing outdoors and fear levels
have been reported to be lower than in barn systems (Ferrante et al., 2009). However, mortality due to predation has been
recorded as ranging from 2% (Moberly et al., 2004) to 6% (Defra, 2015; see LH3.2). Many of the benefits of free-range
mayalsoaccrue in veranda or o6winter gardend systems wi t h
better utilised than the range area (Steenfeldt and Nielsen, 2015a) but there has been little published research on systems
(such as the Rondeel™) that provide a veranda instead of a full range area. There is also little information on mortality due

to predation under Australian conditions.

Good use of the range significantly reduces the risk of injurious pecking and cannibalism in adult laying hens (Green et al.,
2000; Bestman and Wagenaar, 2003; Nicol et al., 2003; Pettersson et al., 2016) and birds that use the range more have
improved plumage cover (Rodriguez-Aurrekoetxea and Estevez, 2016). One strategy to increase range use is to limit flock
size, as individuals in smaller flocks tend to spend longer on the range (Bestman and Wagenaar, 2003; Gebhardt-Henrich
et al., 2014). They may also visit the range more frequently so that an overall higher proportion of the flock is observed on
the range area at any one time (Gilani et al., 2014; Steenfeldt and Nielsen 2015a). Range use is also enhanced by lower
interior stocking rate (Gilani et al., 2014; Steenfeldt and Nielsen 2015a) and the provision of more (easily accessible) pop-
holes (Gilani et al., 2014). In small experimental trials with individually tagged birds, range use was also increased if
outdoor stocking rates were lower. Longer periods of time, and a greater overall time spent outdoors, was achieved at an
equivalent stocking rate of 2,000 hens/ha than at equivalent stocking rates of 10,000 or 20,000 hens/ha (Campbell et al.,
2017). However, an alternative study found greater range use in birds housed with maximum outdoor stocking rates of
>1,000 hens/ha than with <1,000/ha (Sherwin et al., 2013). At very low outdoor stocking rates, birds may be deterred from
ranging by a lack of companions. From April 2018, eggs labelled as free-range in Australia must have maximum outdoor
stocking rates of no more than 10,000 hens/ha but the effects of outdoor stocking rates on bird welfare would benefit from
further study.

Range use in adult birds is enhanced by early exposure to the range during the rearing period (Gilani et al., 2013). Range
use is also enhanced by trees, bushes, and artificial cover structures (Nicol et al., 2003; Zeltner and Hirt, 2008b; Gilani et
al., 2014) that provide shade and some protection from aerial predators. The perceived threat of aerial predators will lead
birds to run back towards the house (Zeltner and Hirt, 2008b). Bright et al. (2011) found a positive correlation between
plumage quality and the percent of canopy provided by young trees in planted areas on the range. In a follow-up study of
over 1,000 flocks (Bright et al., 2016) the development of the tree canopy was followed as the trees matured. A positive
correlation was again noted between plumage quality and the percent of canopy in the planted areas of the range, though
there was no relation between plumage quality and the overall area of the range that had been planted with trees,
suggesting that the effect was due to improved quality of available cover. In Australian conditions, vertical structures
placed on the range were highly attractive to hens and could be used to alter patterns of bird distribution (Rault et al.,
2013).

It remains the case that the use of the range by individual birds is highly variable. Gebhardt-Henrich et al. (2014) reported
that between 47% and 90% of hens from a sample of 12 flocks (flock size 2,000 i 18,000) visited the range at least once
during a 3 week monitoring period. In trials of small experimental flocks Campbell et al. (2017) reported that 2% of birds
(from flocks of 150) never used the range, whilst 80% of birds used the range daily when outdoor stocking rate was low,
whilst Hartcher et al. (2016a) found that 95% of hens (from groups of 50) accessed the range more than once a day.
Rodriguez-Aurrekoetxea and Estevez (2016) found that half of birds in commercial free-range flocks did not use the range
at all. Birds with higher fear levels were less likely to spend time on the range (Hartcher et al., 2016a).
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LH6. FEAR AND DISTRESS

Measures of stress can often reflect arousal more than the valence dimension of animal welfare and this may explain the
many contradictory findings surrounding the stress responses of hens within different housing systems. The nature of the
human contact received can greatly affect stress and fear responses in hens.

LH6.1 Stress

It is often thought that early-life stress has particularly profound effects on later life outcomes. In support, a study found
that short-term effects of stress (frustrated access to food, physical restraint or a period of social isolation) were more
profound if experienced at 2 or 8 weeks than at 17 weeks. But when longer-term outcomes were examined, stress at any

of these ages had a significant effect on the birds and

when chickens are most stress-susceptible (Ericsson et al., 2016).

A common method used to assess laying hen welfare is to take measures of physiological stress, such as
catecholamines, response to ACTH challenge, corticosterone or heterophil:lymphocyte (H:L) ratio. Apart from technical
challenges (plasma levels of corticosterone do not necessarily reflect tissue levels (Ralph et al., 2015); handling itself can
raise stress levels (Wein et al., 2017), faecal corticosterone metabolite concentrations are affected by genotype and bird
diet (Alm et al., 2014), and blood measures such as H:L ratio are not a useful measure if birds are infected with blood-
sucking mites (Vezzoli et al., 2016). It should also be recognised that stress responses usually reflect arousal more than
they reflect valence. More than one study has found that allowing hens access to highly preferred enriched or outdoor
pasture areas is associated with an increase in physiological measures of stress such as H:L ratio (Campo et al., 2013)
faecal corticosterone metabolites (Dawkins et al., 2004) or egg corticosterone (Sas et al., 2006). Plasma corticosterone
levels can be higher in birds housed in indoor non-cage systems than in caged systems (Pavlik et al., 2008), and faecal
corticosterone metabolite levels can also be very high in indoor non-cage systems (Nicol et al., 2006).

Some studies have shown few or no differences between housing systems when physiological markers of stress are
considered. Guesdon et al. (2004) and Hetland et al. (2004) found few differences when comparing conventional cages
with furnished cages. Barnett et al. (2009) found no differences between hens housed in cages with or without a perch. In
this study, even though the perch, and other facilities such as a nest and dust-bath were also used extensively,
differences in physiological profile of the birds in each treatment were minimal. Similarly variable or inconclusive results
from older studies were reported in Lay et al. (2011).

Many studies have found significantly lower corticosterone levels from hens in furnished cages than hens in conventional
cages (Pohle and Cheng, 2009b; Sherwin et al., 2010). Other longer-term markers of reduced stress response, such as
lower H:L ratio (Scholz et al., 2008a; Shini et al., 2008; Matur et al., 2015; Dikmen et al., 2016), and higher serotonin
levels (Pohle and Cheng, 2009a) are also found in hens from colony cages compared with hens from conventional cages.
However, Moe et al. (2010) found higher H:L ratios in hens in FCs compared with CCs.

Experimental studies of brown hybrids kept in floor pens have found lower corticosterone (approx. 31 vs approx.
35 pg/mL) and H:L ratios (0.36 vs 0.52) at stocking rates of 5, 6 and 7 birds/m? than at 10 birds/m? (Kang et al., 2016).

Threshold effects must also be considered. In a study of 36 non-cage ST flocks, Nicol et al. (2006) reported greatly
elevated indices of physiological stress towards the end of lay in all stocking rate and management treatments in
comparison with levels recorded at the end of the rearing period. For example, H:L ratios had increased from an average
of 0.55 to an extremely high value of 1.67; whilst faecal corticosterone metabolite concentrations had doubled from

28.2 ng/g dry matter to 55.2 ng/g dry matter.

LH6.2 Fear

Fear levels assessed by tonic immobility duration were greater in birds housed under a 23L:1D (23 hours light:1 hour
dark) photoperiod than in birds allowed longer dark periods for resting (Campo and Davila, 2002) and when birds were
housed on damp rather than dry litter (Campo et al., 2009). Fearfulness is reduced in laying hens if they are housed with a
proportion (1 per 100) of males (Oden et al., 2005).

Hens housed in conventional cages showed elevated signs of fear in novel object and novel environment tests in
comparison with hens housed in aviaries (Colson et al., 2006). As reviewed above, fearfulness is strongly correlated with,
and may be a causal factor for, IP. It reduces the time that birds spend on the range (Hartcher et al., 2016a).

Hens in large commercial facilities tend to be fearful of human contact (Graml et al., 2008), although fearfulness can
potentially be reduced through appropriate habituation (e.g. regular, close visual contact with a non-threatening human in
cage facilities (Edwards et al., 2013). Habituation to humans has also been shown to have productivity as well as welfare
benefits (Barnett et al., 1994; Edwards et al., 2010). There is no clear relationship between housing system and
fearfulness. Researchers have reported diverse results (e.g. Shimmura et al., 2010b) suggesting that factors within
systems, such as the nature and type of human contact received, have a greater effect than housing type itself. Given that

Farmed Bird Welfare Science Review 50



each human has the potential to induce fear in the large numbers of birds that they are responsible for, and that currently
humans must interact with birds in a range of ways that is not always predictable to the birds, there is relatively little
research in this area. In particular the impact of fear of humans and stockmanship on birds during different life stages has
been little studied.

LH7. SENSORY ENVIRONMENT

Hens have sensitive visual, auditory and olfactory senses and a thermoneutral (comfort) zone at an ambient temperature
of around 20-25 °C. Extremes (e.g. of photoperiod, light intensity, noise levels, ammonia concentrations and temperature)
should be avoided to protect hen welfare. New energy efficient light sources are being used in laying hen housing with
limited research so far on their costs or benefits compared with more traditional sources.

LH7.1 Light and vision

The extent to which birds will experience discomfort depends upon their sensory systems. Hens have a highly developed
sense of vision. Their spectral sensitivity is slightly greater than humans in both red and blue wavelengths and there is
some evidence that UV light may be important for social recognition of individuals. Their spatial acuity i i.e. their ability to
detect image detail i is worse than humans and this falls off more rapidly in low levels of light.

Hens may perceive the flicker of some forms of artificial light, which could be detrimental to their welfare (Lisney et al.,
2012). Perception depends on the spectrum and brightness of the light source as well as its frequency. The critical flicker
fusion frequency (CFF) is the lowest frequency at which a flickering light source is seen as continuous, and it can be
estimated for hens using electroretinograms (100-118 Hz: Lisney et al., 2012), discrimination tasks (71.5 Hz: Jarvis et al.,
2002; 87-100 Hz: Lisney et al., 2011), conditional reward response (70-105 Hz: Nuboer et al., 1992) and both
simultaneous and conditional presentation methods (68-95 Hz: Railton et al., 2009). Behavioural methods estimate slightly
lower CFF thresholds than physiological methods, suggesting that central brain processing mediates the signal produced
by the eye. Since detection of flicker depends on the spectrum and brightness of the light source used, as well as
individual characteristics of different birds, there is no one absolute value for chicken CFF. However, under most
conditions, most chickens do not perceive flicker above 95 Hz. This suggests that, contrary to earlier worries, chickens are
probably not aware of the flicker of artificial lighting in commercial housing. However, the potential for chickens to discern
flicker should be considered where novel light sources are employed.

Light source can influence hen behaviour with, for example, incandescent lights increasing the occurrence of nesting and
active behaviours compared with fluorescent lights (Tavares et al., 2015). Coloured LEDs (light-emitting diodes) are
increasingly being used to illuminate laying hen facilities due to their energy efficiency and low maintenance requirements
(Min et al., 2012). A long-term 15 month study on white hybrids found no significant differences in the mortality of aviary
hens housed under LED compared with fluorescent lights. However, some potentially negative effects were noted
including poorer plumage quality, reduced food conversion and slightly elevated avoidance responses at 36 weeks but not
at 60 weeks of age (Long et al., 2016). Huber-Eicher et al. (2013) compared the behaviour of 16-week pullets kept in pens
illuminated (to equal perceived intensities) with white, red (640 nm) or green (520 nm) light. The red light accelerated
sexual development, enhanced early laying performance, and reduced aggressive pecking. Birds under green light spent
less time directly feeding but more time foraging, pecking at objects and pecking at companions than birds housed under
red light. In contrast, Sultana et al. (2013) found that hens were more active under red LED light, showing more FP,
ground pecking and scratching and comfort activities and less perching than hens under blue light.

Young pullets prefer high light intensities (200 lux) but older birds prefer lower intensities (6 lux rather than 20, 60 or 200
lux) (Dawvis et al., 1999). In a continuous-access preference test where hens were able to select compartments illuminated
with fluorescent light at <1, 5, 15, 30 or 100 lux, they spent on average 45% of each 24 h period at 5 lux, 22% at 15 lux,
22% at 30 lux, and only 10% at 100 lux. They also spent 10 h in darkness, in intermittent bouts distributed throughout the
day, a pattern very different from the continuous dark period that would be experienced under natural or commercial
conditions (Ma, H. et al., 2016). Young chicks are also able to rest more when reared under a lighting pattern that
simulates natural brooding, with short (approx. 40 min) periods of dark interspersed throughout a long light period
compared with an uninterrupted long light period (Malleau et al., 2007). Hens tend to do more pecking under high intensity

light( Vandenberg and Wi dowski, 2000; O6Connor et al., 2011).

may cause problems in free-range systems. Where hens are to be exposed to natural light as layers it is important that
they experience it during rear. Rearing birds with natural daylight stimulates the earlier development of perching behaviour
in young pullets, and results in a stronger diurnal rhythm with more night-time perching and less daytime perching than for
birds reared with artificial light of the same photoperiod (Gunnarsson et al., 2008).

Commercial housing systems for laying hens are often kept at low light intensity with the intention of reducing the
incidence of feather pecking. However, this method of control can have adverse effects on eye anatomy and function and
can be counterproductive in making other foraging substrates appear less attractive than feathers (Bright, 2007). Light
intensities as low as 5 lux do not appear to affect the ability of hens to judge distances and jump from perch to perch
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(Moinard et al., 2004a) and do not affect stress |levels
light intensities of just 0.8 lux hen movement is impaired and restricted (Taylor et al., 2003). In addition, social evaluations
are partially disrupted at 1 lux but not at 5 lux or above (Kristensen et al., 2009). Dim light, very short or long photoperiods,
and continuous illumination, all adversely affect the development of the eye, and its ability to focus (Lewis and Gous,

2009).

LH7.2 Sound, noise and hearing

Research on hearing in chickens is limited but has established their sensitivity to sound; responses varying according to
frequency and pressure level but their threshold of detecting sound is at approximately 20-30 dB. Chickens can hear lower
frequency sounds than humans and may use them in communications between a hen and her chicks, which are usually
below 800 Hz. The important aspect of hearing to note regarding housing design is the growing evidence of not only

dislike of but also reduced productivity at loud sounds at levels which are commonly found in fan-ventilated houses.

Chronic exposure to 80 dB(A) compared with 60 dB(A) (A-weighted decibels are weighted for loudness as perceived by

the human ear) in young laying hens led to more resting behaviour,and r educed e g @gonporeba.,R@lil)i on
Higher sound levels of 80 dB or 90 dB increase stress (Campo et al., 2005), are a risk factor for the early onset of feather

n h

(0b

pecking (Drake et al., 2010) and chronic expos udangesyst@msisda mage

that birds can avoid excessive noise levels for part of the day.

LH7.3 Olfaction

Chickens have well-developed senses of smell and of taste (gustation) and a trigeminal-nerve induced rapid protective
responses to harmful or irritating chemical stimuli. The chicken genome contains at least 229 genes coding for olfactory
receptors, but far fewer coding for genes related to human bitter or sweet taste receptors (Lagerstrom et al., 2006).

Chicks develop attachments to familiar odours when placed in an otherwise novel environment (Jones et al., 2002).
Domestic fowl of a traditional breed increased their vigilance behaviour after exposure to the odour of a predator than after
exposure to odour cues from herbivorous mammals (Zidar and Lovlie, 2012).

Exposure to ammonia may reduce poultry welfare by causing irritation to mucous membranes in the eyes and respiratory
system, increasing susceptibility to respiratory disease and reducing productivity (Kristensen and Wathes, 2000).
Preference tests with broiler chickens show that exposure to ammonia concentrations above approximately 10 ppm is
aversive, regardless of previous experience (Jones et al., 2005), whilst laying hens show signs of avoiding concentrations
of 25 ppm (with lower concentrations not tested) (Kristensen et al., 2000). On free-range farms with an average ammonia
concentration of 22 ppm, an earlier onset of feather damage due to injurious pecking occurred on those farms with the
higher ammonia levels (Drake et al., 2010). An ammonia concentration of less than 25 ppm is a realistic target (and a
threshold set for human exposure in many countries), but as described above this may be difficult to achieve in highly
stocked indoor houses. Many viral, bacterial, fungal and parasitic diseases organisms rely on aerial transmission to other
birds and humans. Reducing this disease risk can be achieved by regular short periods of high ventilation rates and
possibly by also offering birds a choice of an outdoor/veranda environment with fresher air.

LH7.4 Magnetic sense

Laying hens are abl e t o dore®atidn (Feireetak, 2005 Zmnramngnreeat., 2099), fwhiah may
have implications for their ability to orient and navigate in non-cage systems. The presence of magnetoreceptors in the
beak suggests that their magnetic sense may be disrupted by beak-trimming (see LH8.3b).

LH7.5 Thermal comfort

The thermal requirements of hens and their housing are long established. Essentially their heat output follows a cup-
shaped curve with increasing temperature. This has a so-called thermoneutral zone, usually around 20-25 °C, where the
bird is very comfortable and does not need to expend any effort in keeping comfortably warm. Below this zone the feed
requirement and metabolic effort required to keep warm increases with decreasing temperature until the bird experiences
cold stress and has to shiver. It will eat more to keep warm, may produce fewer eggs and signs of physiological stress
such as increased H:L ratio are seen if temperatures drop below 10 °C (Campo et al., 2008). Above the thermoneutral
zone the bird needs to work to keep cool, eventually panting, which requires extra water consumption; additionally the bird
will eat less and produce smaller eggs in very hot conditions. In both cases a wet or humid environment increases cold or
heat stress. Such variations in temperature and humidity are a disadvantage of free-range systems, where the
requirement for continuous daytime access means that pop-holes are open to the elements. Thermal stress is influenced
by bird weight, fat cover, feather cover and by air movement (i.e. draughts and wind), radiation (e.g. sunlight) and
conduction (in practical terms dictated by floor type/insulation and whether birds are touching each other). Birds may
adjust their own body temperature by behavioural thermoregulation i i.e. by altering their posture, in particular spreading
out their wings and standing when hot and huddling together when cold i and by seeking out a warmer or cooler place in
their environment, which should provide the choice and freedom to move. Mortality can be increased in conventional
cages which prevent birds adopting these postures (Guesdon and Faure, 2004; Guo et al., 2012). A study of the effects of
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increasing space allowance per bird from 348 cm?/hen to 581 cm?/hen in an existing conventional cage facility concluded
that the reduced flock size would result in a reduction in overall heat and moisture generated within houses. In cold
weather this could have some disadvantages in maintaining a suitable temperature for the birds without compromising air
quality, but it was considered to be advantageous to avoid heat stress during hot weather (Green and Xin, 2009a).
However, under conditions of intense heat (above 32 °C), increased space allowances of 581 cm?/bird assist but do not
fully enable birds to cope with heat stress (Green and Xin 2009b). The provision of cooled perches can enable birds in
CCs to cope better with temperatures between 32 to 35 °C (Hu et al., 2016). There is no simple relation between cage
type (CC vs FC) and the ability of birds to cope with heat stress as the benefits of increased space per bird can be
counteracted by increased activity in cages with larger numbers of birds (Shimmura et al., 2007b). Within FC systems,
hens in smaller group sizes of 25 appear to cope better with high temperatures, and maintain higher production, because
they are less active than birds in larger groups (40) (Bovera et al., 2014).

LH8. HANDLING AND MANAGEMENT

LH8.1 Stocking density and group size

In caged environments space allowances of less than approx. 600 cm?/bird are associated with increased mortality, an
increase in physiological stress and compromised immune function. In non-cage systems the effects of stocking rates
between 7 and 12 birds/m? are inconsistent, possibly because uneven bird distribution can be a confounding factor.

Some of the effects of stocking rate on bird behaviour in CCs were reviewed above in LH5.1. For hens kept in CCs,
mortality increased if hens were housed at 375 cm?/bird or 450 cm?/bird compared with 563 cm?/bird (Rech et al., 2010).

Increased liver pathophysiology and renal damage has been reported for birds housed in CCs at 351 cm?/bird compared
with 526 cm?/bird (Ma Z. et al., 2014; Ma Z. et al., 2016b) and lower individual bird production is seen if birds are housed
at 362 cm?/bird compared with 482 cm?bird (Anderson et al., 2004), or at 342 or 413 cm?/bird compared with 516 cm?/bird
(Jalal et al., 2006), with further enhanced individual production by birds housed at 690 cm?/bird (Jalal et al., 2006). In hens
kept on for a second laying period, feed efficiency was improved with space allowance increased from 309 cm?/bird to

412 cm?/bird (Sohail et al., 2004). Higher H:L ratios were reported for birds housed at extremely low spatial allowances,
288 cm?/bird, compared with 500 cm?/bird (Cetin et al., 2011) but no differences in H:L ratio or adrenal gland weight were
reported for birds housed in conventional cages at 542 cm?/bird (4 birds/cage) or 434 cm?/bird (10 birds/cage) (Fahey and
Cheng, 2008a) or for plasma corticosterone or H:L ratio for hens housed at 320 cm?/bird (5 birds/cage), 400 cm?/bird

(4 birds/cage) or 533 cm?/bird (3 birds/cage) (Mousavi et al., 2016). This may be because the differences in spatial
allowance in these studies are marginal. In experiments that have compared a wider range of space allowances within CC
systems, clearer differences have been found. Hens were housed at 1,968 cm?/bird (1 bird/cage), 656 cm?/bird

(3 birds/cage) or 384 cm?/bird (5 birds/cage). Groups housed at the highest stocking rate had lower body weight,
production, plumage score and higher H:L ratios, whilst the individually-housed birds with the largest space allowance had
lower plasma corticosterone levels (On b a ka®d Aksoy, 2005). Similarly, when hens were housed at 2,000 (1 bird/cage),
1,000 (2 birds/cage), 667 (3 birds/cage) or 500 cm?/bird (4 birds/cage) mortality due to IP was lower and plumage
condition was better at the two higher spatial allowances (Sarica et al., 2008). Individual bird production was also
improved at this higher spatial allowance (Saki et al., 2012).

Increased stocking rate was associated with increased H:L ratio, but not in markers of cell mediated immune function in
laying strain chicks reared in cages at 212, 275 and 371 cm?/bird (Bozkurt et al., 2008).

A possible effect of increasing group size within FC systems is on bird mortality, with higher mortality in systems with 20 to
60 birds, than FCs for 10 birds (Weitzenburger et al., 2005a). There was more locomotion in large furnished cages with
greater group size than in small furnished cages with smaller groups (Weitzenburger et al., 2006a; Meng et al., 2017) and
more wounds and reduced plumage condition in FCs with 16 birds than those with 8 birds (Hetland et al., 2004). Appleby
et al. (2002) reported increased mortality in furnished cages with 8 birds than those with 4 birds. In contrast, no significant
differences in mortality were reported for increases in group size from 8 to 40 by Wall (2011) or from 20 to 60 by Huneau-
Salaun et al. (2011b).

In a small study that controlled for group size, Barnett et al. (2009) found decreased plasma corticosterone in hens housed
in furnished cages at a space allowance (including cage furniture) of approx. 1,800 cm?/bird compared with a space
allowance of approximately 900 cm?/bird. In another study that controlled for group size, Kang et al. (2016) found
improved production performance and reduced stress response (see Section LH6.1 above) in hens housed in floor pens
at less than 10 birds/m? compared with birds housed at 10 birds/m?.

Higher stocking rate for pullets during the rearing period is associated with increased feather damage due to pecking
(Bestman et al., 2009). Rearing flocks where feather pecking was identified had been stocked at between 18 and

53 chicks/m? between weeks 1 and 4, whilst rearing flocks with no feather pecking had been stocked at between 15 and
37 chicks/m? (Bestman et al., 2009).

Farmed Bird Welfare Science Review 53



The effects of stocking rate on the physical condition and pecking behaviour of non-cage flocks are complex. In a
relatively small scale experimental study, FP was found to increase with stocking rate from 6 to 30 birds/m? (Nicol et al.,
1999) but subsequent work with large commercial flocks found an opposite effect with stocking rates from 7 to 12 birds/m?
(Zimmerman et al., 2006). An analysis of the physical condition of birds from these same flocks found lower mortality at
12 birds/m?® than at 7 or 9 birds/m* (Nicol et al., 2006). The reason for this difference is not clear but Nicol et al. (2006)
noted that there can be paradoxical effects in large commercial flocks if birds at lower average stocking rates cluster
rather than disperse evenly.

In a study of organic flocks it was this increased resource competition that was thought to be responsible for greater
plumage damage in birds kept in aviary systems at higher stocking rates within the range of 6 to 12 birds/m? (Steenfeldt
and Nielsen, 2015b). Other effects of increasing stocking rate in these flocks were felt to be minor (Steenfeldt and Nielsen,
2015a).

It should be recognised that birds do not distribute themselves evenly (LH4.5), either in FCs or in non-cage systems
(LH5.3). Tendencies to cluster can arise for many reasons including social facilitation, shared resource preferences, and
anti-predator responses (LH4.5). In experimental pens housing groups of between 323 and 912 birds, each at a notional
stocking rate of 18.5 birds/m?, the local densities recorded in different pen areas varied between 9 and 41 birds/m?
(Channing et al., 2001).

LH8.2 Air quality and biosecurity

Air quality (dust, bacteria and ammonia levels) is lower for non-cage systems containing litter than for cage systems or
multi-tier systems with belt removal of manure.

Reduced air quality for non-cage systems containing litter compared with colony cages or multi-tier systems with belt
removal of manure has been noted in many studies, with more inhalable and respirable dust particles, bacteria and
associated endotoxins present in the air (Rodenburg et al., 2008a; Nimmermark et al., 2009; Huneau-Salaun et al., 2011a;
Le Bouquin et al., 2013). Nimmermark et al. (2009) reported total dust concentrations of up to 2.5 mg/m3 in FC and non-
cage MT systems, but up to 18 mg/m3 in a litter floor ST house. Ammonia concentrations varied from 3-12 ppm in FC, 21-
42 ppm in the MT system and 66-120 ppm in the ST house. Under winter conditions in lowa, USA, ammonia
concentrations were adequately maintained below 25 ppm in two cage facilities, but not in a non-cage facility where
ammonia rose to a maximum of 89 ppm (Green et al., 2009). However, under summer conditions, the ammonia
concentrations were equally low for all three systems. In practice there is often a trade-off between keeping rates of
ventilation low in winter in order to maintain warmer air temperatures for efficient feed conversion and production as well
as bird comfort; and in maintaining good air quality. Maintaining air quality throughout the year can also be a challenge in
very large conventional cage facilities with high house stocking density. Chai et al. (2010) reported mean ammonia
concentrations varying across a large commercial cage facility from 7.1 to 47.7 ppm, whilst carbon dioxide varied from
2,302 to 3,452 ppm. Ventilation rates of just over 2.0 m®h/hen have been reported in large commercial facilities housing
250,000 birds, though fan performance was highly variable and subject to degradation with time (Chai et al., 2012).

Each system varies with respect to the risk of infectious disease outbreaks. Good biosecurity is essential in all cases.
Systems with outdoor access will be more vulnerable to infection from free-ranging birds and all systems are likely to be at
risk from fomites transferred on people, equipment or food. The nature and persistence in the environment of the
infectious agent will influence the risk to birds in different systems. Avian Influenza may be passed directly between birds
and can survive in the environment for at least 50 days in cool conditions (Defra, 2016).

LH8.3 Procedures
LH8.3a Culling Male Chicks

Research work is ongoing to find a cost-effective methodology to screen and remove male embryos before hatching.

Since only female chicks are reared for egg production, billions of unwanted male chicks are culled each year globally, a
practice that raises ethical and practical concerns. Currently male chicks are commonly culled using carbon dioxide gas or
by instantaneous mechanical destruction (maceration) (welfare implications reviewed in SL2.7a and SL2.7b).

Accurate methods of in ovo sexing are now available and would avoid the need for culling. For example, the cellular DNA
in male and female chicks differs and can be detected within seconds in ovo by Fourier transform infra-red spectroscopy
(Steiner et al., 2011). Alternatively, endocrine in ovo sexing can be achieved by sampling allantoic fluid. Such methods do
not appear to have any adverse effects on later development and welfare of the female birds (Weissman et al., 2014).
Gene editing is another approach that is being explored whereby male embryos could be engineered to carry a gene
making them identifiable before hatch (Doran et al., 2016). These techniques, still realistically in a development phase,
have not been implemented commercially but, in a high-profile announcement in 2016, USA United Egg Producers stated
their intention to eliminate the culling of male chicks by 2020 (http://uepcertified.com/united-eqgg-producers-statement-
eliminating-male-chick-culling/).
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LH8.3b Beak Trimming

Beak trimming is an effective method of reducing the damage caused by injurious pecking. The procedure causes pain
and reduces beak function. Beak trimming day-old chicks at the hatchery using an infra-red method appears to be less
painful and cause fewer long-term negative effects than hot-blade trimming. However, research on pain associated with
infra-red trimming is still limited. An alternative approach is to provide birds with pecking blocks whereby the beak is
gradually blunted over a prolonged period of time. Further research on beak blunting is needed.

Beak trimming conducted either by infra-red (IR) or hot blade (HB) (Dennis et al., 2009) is a management practice
adopted to reduce the damage caused if birds peck each other. The practice can significantly reduce mortality in
conventional and furnished cages (Guesdon et al., 2006) and in non-cage flocks (Mertens et al., 2009; Defra, 2015;
Weeks et al., 2016). Weeks et al. (2016) conducted a quantitative analysis of mortality data from 801 beak-trimmed and
228 intact-beak flocks housed between 2006 and 2012 and found significantly (but not dramatically) lower mortality in the
beak-trimmed flocks at 40 weeks and at 70 weeks (7.2% vs 8.3%), using a model that accounted for many other bird and
management variables. Flocks of adult beak-trimmed birds have improved plumage condition compared with intact-beak
flocks (Staack et al., 2007; Lambton et al., 2010; 2013; Sepeur et al., 2015). The effects can sometimes be substantial,
with Hartcher et al. (2015a) in a study of free-range flocks, recording just 5.2% of beak trimmed, but 72.9% of birds with
intact beaks, with feather damage or wounds. This is largely because beak-trimmed birds perform less severe feather
pecking (though more gentle feather pecking) (Gilani et al., 2013; Lambton et al., 2013; Hartcher et al., 2015a).

The effects of beak-trimming on younger birds are less clear and can sometimes lead to increased plumage damage
(Staack et al., 2007). Re-trimming the beaks of older birds is sometimes applied as an emergency measure if outbreaks of
injurious pecking have become severe. It can be effective (Shinmura et al. 2006b) but trimming at an older age is thought
to cause more stress and pain than early beak trimming (Janczak and Riber, 2015).

Beak trimming is a welfare concern because it can cause pain and changes in function (Freire et al., 2008; Freire et al.,
2011). HB trimming is accompanied by reduced growth rate, feed intake (Prescott and Bonser, 2004), pecking force and
activity (Janczak and Riber, 2015). It also increases adrenocorticotropic hormone levels in the blood and altered immune
function (Xie et al., 2013). The fact that the administration of analgesic drugs partially ameliorates these responses is
suggestive that the procedure is perceived as painful (Freire et al., 2008). No signs of chronic pain are observed if HB
trimming is conducted on very young birds and where only a small portion of beak tissue is removed (Freire et al., 2011).
But the accuracy of the method is not high and it is difficult to standardise. There is, for example, no clear relationship
between chick weight and beak characteristics that could be used as a guide (Fahey et al., 2007). If a large portion of the
beak is removed nerve swellings (heuromas) can form and these may continue to send pain signals to the brain even in
adult birds (Janczak and Riber, 2015). Recent work shows that healing is faster if HB trimming is conducted at 0 or 10
days than at 35 days of age (Schwean-Lardner et al., 2016).

Beak trimmed birds, for example, show compromised preening activity and can have higher ectoparasite loads as a result
(Mullens et al., 2010; Vezzoli et al., 2015b). Chen et al. (2011) documented changes in populations of the northern fowl
mite and the chicken body louse in both intact-beak and (hot blade) beak-trimmed birds. At peak periods of infestation,
beak-trimmed birds harboured between 4.6 and 7.8 times more lice, and between 5 and 40 times more mites, than intact-
beak birds. Increased beak sensitivity (to heat and pressure) is also observed in birds that have been HB beak-trimmed at
hatch or at 14 weeks, although in this experiment the overall number of pecks made at feed and the environment did not
differ from untrimmed controls (Jongman et al., 2008). In addition, significant changes in navigational ability and functional
activity are detected due to damage to mechanoreceptors and magnetoreceptors in the beak (Freire et al., 2011).

IR trimming has been proposed as a more precise (Carruthers et al., 2012), less harmful and less chronically painful
method than HB (Dennis et al., 2009; McKeegan and Philbey, 2012). Chronic effects on bird welfare are more likely in
birds that are HB trimmed at the age of one week or older. One of the advantages of IR trimming is that it is now a highly
automated process that is routinely conducted at hatcheries on birds that are less than 2 days of age, and possibly less
likely to develop long-term effects at this age (Janczak and Riber, 2015). During the hatchery procedure, chicks are
restrained by their heads, whilst calibrated machinery is used to expose a specified area of beak tissue to infra-red
energy. The exposed outer corneum remains intact but the treated beak tip is shed some days after treatment, and
regrowth is inhibited due to the extensive penetration of heat to the germ layers.

Hens that had received IR trimming at hatch had shorter, less variable beaks, with fewer abnormalities as adults than

hens that had been HB trimmed (Carruthers et al., 2012). McKeegan and Philbey (2012) found no evidence of nerve

sensitisation (using single sensory nerve recording), no radiographic evidence of adverse pathology, and, in older birds,

no signs of neuroma formation. Birds that have been IR trimmed are also more able than HB trimmed birds to control mite
infestations through preening behaviour (Murillo and Mullens, 2016). However, IR trimming does have some adverse
effects on birdsd behaviour and development. Normal ground
subjected to an early IR treatment followed by a later HB treatment (Hartcher et al., 2015a). Dennis and Cheng (2012)

found walking, drinking and pecking behaviour less disturbed in young birds subjected to IR than birds trimmed using the

HB method. But birds trimmed using either method show drops in normal feeding behaviour in the first weeks of life
(Marchant-Forde et al., 2008) and reduced weight gain (Angevaare et al., 2012).
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An alternative approach is to provide birds with hard materials that are attractive pecking substrates. Pecking blocks of a
variety of designs and materials are now available (e.g. Vencomatic pecking pans). As the birds engage in normal
exploratory pecking, the tips of their beaks are blunted, thereby reducing the damage that birds may inflict if they feather
peck. There have been a few small-scale studies of the effectiveness of beak blunting but evidence from peer-reviewed
replicated studies is currently lacking. Another potential future approach would be the genetic selection of birds with
naturally blunter beaks.

Organic certification bodies prohibit the use of routine beak trimming, and a number of EU member states are currently
considering whether the practice of beak-trimming should be banned completely. Furthermore, in some EU countries such
as Austria, there is an increasing demand for eggs from hens with intact beaks.

LH8.3c Moulting

Laying hens have a tendency to become less productive with time, particularly when housed in cages with limited
opportunities for exercise. Productivity can be restored to some extent by an extended period of total or partial withdrawal
of food which induces a forced moult. This practice is associated with greatly increased mortality during the feed
withdrawal period. There is strong evidence that the procedure causes stress and that the birds are highly motivated to
eat. The provision of low nutrient diets during the moulting procedure does not appear to reduce hunger. This practice has
strongly negative welfare consequences. The emergence of strains of birds selected for longer laying cycles reduces the
need to engage in this practice.

The practice of moulting laying hens has traditionally involved a period of total food withdrawal from hens for a period of
approximately 10 to 14 days, followed by a similar duration of time where a low nutrient diet is fed so that an overall
moulting period has a duration of approximately 28 days. In some countries water is also withdrawn for a period of up to 3
days (Shimmura et al., 2008b). Withdrawal of water would have severe negative consequences for hens, which show
behavioural changes indicative of thirst after periods of 12-18 h (Rault et al., 2016).

The practice is sometimes justified on the basis that many birds undergo an annual moult, with bodyweight loss and a
pause in oviposition (Mrosovsky and Sherry, 1980). However, the many factors that bring about a natural moult (including
changes in environmental temperature and photoperiod) do not operate in commercial conditions where birds are abruptly
deprived of food at a time when they are still motivated to eat.

The practice of moulting is banned in the EU under Council Directive 98/58/EC which stipulates in paragraphs 14 and 15

of the Annex that fanimals must be fed a wholesome diet whicl|
them in sufficient quantity to maintain them in good healthand sati sfy their nutritional needs
have access to feed at intervals appropriate to their physi ol
studies available on this practice.

In the USA, following a decision by some retailers not to accept eggs from hens that had been moulted, United Egg
Producers initiated a research programme on alternative methods of achieving a moult without total feed withdrawal.
Thus, in the USA, there have been a number of research programmes evaluating the effects of feeding low nutrient diets.
More sporadic research has also been conducted in other countries including Japan, Turkey, Iran, Colombia, Thailand and

Brazil. Low nutrient diets are diverse and can be formulated from a variety of ingredients suchaswh eat fmi ddl i ngso
et al., 2003), low nutrient corn diets or fruit pomace (skins of fruit after pressing) (Keshavarz and Quimby, 2002), soybean
hulls (Koelkebeck and Anderson, 2007), alfalfa (Donalson et al., 2005; Sgaviolietal. , 2011; 2013), distill

et al., 2010), other low-nutrient diets with low levels of calcium, sodium and protein (Bell and Kuney, 2004), high zinc diets
(Park et al., 2004; Silva-Mendonca et al., 2015) or diets containing plant extracts that suppress appetite or contain anti-
nutrient factors (Mohammadi and Sadeghi, 2009; Sariozkan et al., 2013). The total moulting period is again usually around
28 days.

Alternative strategies are to feed very low quantities of feed rather than total withdrawal (Molino et al., 2009), to mimic
changes in daylength and in physiological levels of the hormone thyroxine, which is implicated in the natural moulting
process of some birds (Kuenzel et al., 2005; Bass et al., 2007), or to feed an orally active progestin, melengestrol acetate
(MGA) to induce moult without feed deprivation (Koch et al., 2007).

Mortality can be high during the moulting period, whether the birds are deprived of feed or whether feed substitution

methods are used (average 2.1% in 4 weeks (Keshavarz and Quimby, 2002); 2.7% in 4 weeks (Biggs et al., 2003);

average approx. 2.5% in 4 weeks, up to 6.1% on some farms (Bell and Kuney, 2004); 1.9 to 2.3% (Anderson and

Havenstein, 2007); average 3.9% in 6 weeks (Yardimci and Bayram, 2008); 10.4% in food or food and water withdrawal
treatments (Shimmura et al., 2008b); 0% for some dietary tre:
grains (Mejia et al., 2010); 4.4% in 1 week (Rafeeq et al., 2013). Actual mortality levels are not presented in some studies

which instead simply indicate no significant differences in mortality between treatments (Park et al., 2004; Donalson et al.,

2005; Willis et al., 2008; Mazzuco et al., 2011; Mejia et al., 2010; 2011, Bland et al., 2014).

Birds that do not die experience substantial weight loss. For hens deprived of feed for 10-14 days figures of 19.7% (Biggs
et al., 2003), 20.1 to 25.1% (Bell and Kuney, 2004), 30% (Shimmura et al., 2008b), 30.2% (Keshavarz and Quimby, 2002),
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37% (Rafeeq et al., 2013), or 30 to 42.3% (Willis et al., 2008) have been recorded. Weight loss occurs due to decreased
muscle, liver and adipose tissue as well as regression of reproductive tissue (Park et al., 2004). In addition, in caged birds
already subject to challenges of disuse osteoporosis (see Section LH3.4), bone mineral density and content are
significantly reduced (by up to 39%) (Mazzuco and Hester, 2005; Kim et al., 2006; Mazzuco et al., 2011; Ayasi et al.,
2016), though levels may eventually recover by 126 days post-moult (Mazzuco and Hester, 2005).

Hens fed alternative moulting diets still lose weight (16.2 to 30.3% over 28 days (Keshavarz and Quimby, 2002); 15% over
28 days, (Biggs et al., 2003); 11.8-23.4% over 14 days (Bell and Kuney 2004); 21-29% over 10 days (Sariozkan et al.,

2013), 26-27%over7-8 days (dos Santos et al., 2014). I f alternative m

grain formulations) do not produce such substantial weight loss then the entire procedure can be ineffective in causing
regression of ovarian and oviduct tissue, cessation of egg-laying and a return to higher post-moult productivity (Mejia et
al., 2011; 2014; Bland et al., 2014). The same tension is seen if periods of total food deprivation are reduced to around 6
days: bodyweight loss is reduced (Bell and Kuney, 2004), but the effectiveness of the moult in terms of future production
gains is also reduced. However, by feeding dietary thyroxine, egg production can be halted but with reduced mortality
(0.8%) and bodyweight loss (14-16%) (Bass et al., 2007).

During food withdrawal, indices of fearfulness increase (Altan et al., 2005) with increases in plasma corticosterone during
the initial 48 h of feed deprivation (Webster, 2003). Antioxidant status is compromised (Mert and Yildirim, 2016). Increases
in H:L ratio (Altan et al., 2005; Dunkley et al., 2007) and acute phase protein markers of inflammation are sometimes
observed between days 9 and 12 (Dunkley et al., 2007). However, whether or not an increase in H:L ratio is observed
appears to be highly variable between studies. For example Soe et al. (2009) recorded a baseline H:L ratio of 8.4 in
control birds, which was elevated to between 25.3 to 35.0 by day 10 in hens fed a low nutrient diet. By day 25, H:L ratios
had recovered for most groups but remained elevated for hens that had been fed the low nutrient diet for 4 weeks. Aygun
and Yetisir (2009) reported baseline H:L ratios of 0.34 which had increased to between 0.60 and 0.67 by the end of a 42
day moulting period. Ayasi et al. (2016) reported a significantly elevated H:L ratio on day 6 (0.13 controls, 0.27 food
withdrawal) and day 9 (0.10 controls, 0.20 food withdrawal) but non-significant changes in birds on non-nutritive
alternatives to food withdrawal. Dickey et al. (2010) and Gongruttananun et al. (2013) reported no increases in H:L ratio.
From a public health viewpoint it has become a matter of concern that food deprived birds become more susceptible to
infection e.g. from Salmonella enteritidis (Woodward et al., 2005). Some studies have evaluated feedstuffs with anti-
microbial properties to try to mitigate this effect (Willis et al., 2008).

Large increases in activity (Webster, 2003; Dickey et al., 2010) and non-nutritive pecking (Dunkley et al., 2008a; 2008b;
Mazzuco et al., 2011; but not Dickey et al., 2010) are observed before birds become relatively inactive to conserve
energy, primarily using their lipid reserves. Increases in aggression (Webster, 2003) and injurious pecking have also been
noted (Anderson et al., 2004). A study into the question of how hunger is experienced by birds during moult was
conducted by Koch et al. (2007). These authors directly
pecking task, where number of pecks to obtain a 3 s access to a feed reward increased by 1 after each previous reward.
Birds were fasted for a period of 8 days, and by day 8, the fasted birds pecked more than 250 times in a 15 min session to
obtain 3 s rewards. Importantly, birds in a nutrient substitution treatment, fed wheat middlings for a period of 20 days
showed levels of hunger that approached that of the food deprived birds on day 8, and exceeded those of the food
deprived birds by day 20. By day 20 the wheat middling group made an average of approximately 300 pecks in 15 minutes
to obtain 3 s rewards of normal food. The conclusion was that feeding low-nutrient diets during moulting does not reduce
hunger or improve animal welfare. In contrast, birds induced to moult by feeding the progestin MGA, and provided with
normal rations, showed no evidence of increased hunger (Koch et al., 2007).

It should also be noted that post-moult mortality during a second laying phase is substantially higher than during the first
laying phase. The moulting procedure actually reduces post-moult mortality in comparison with non-moulted birds kept for
a second laying phase but post-moult mortality is high: >10% in a 43 week period (Anderson and Havenstein, 2007),
between 15 and 27.5% in a period comprising 4 week moult and 18 week post-moult monitoring (O n b a kaid Eaolt,
2007), and up to 25% in a 25-35 week post-moult period (Galeano et al., 2012). Plumage condition does not return to that
seen during first early-lay period (LaBrash and Scheideler, 2005).

A water supply is usually readily available to laying hens, except in circumstances such as transportation or (exceptionally)
during the forced moulting procedure. After a 12 h period of water deprivation, frequency of drinking was increased, whilst
deprivation of more than 12 h resulted in behavioural changes, including spending more time in the vicinity of a drinker.
Total duration of drinking increased after deprivation periods of over 18 h (Rault et al., 2016). Despite these signs of thirst,
hens did not increase the effort they were willing to expend (by squeezing through a narrow gap) to reach a drinker as
water deprivation time increased (Rault et al., 2016) The thermal environment of the bird will obviously affect its water
requirements.

Some researchers have argued that low nutrient diets provide a feasible alternative to total fasting. However, it is not clear
that these strategies (with their rather variable results) are actually implemented on farms, and the broader scientific
evidence suggests they may not improve bird welfare. There is no evidence that alternative methods that induce moult by
hormonal manipulation (e.g. MGA) are actually being used in practice. The very problem is partly a consequence of
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keeping birds in conventional cages where they cannot exercise and become over-fat. A combination of moving towards
FCs or non-cage systems that allow birds to exercise, and the emergence of new strains of laying hens with longer
productive first laying cycles (Bain et al., 2016) should see forced moulting become a redundant practice. In the UK many
farmers are now depopulating flocks at 80 to 90 weeks, rather than 65-72 weeks as in the recent past.

LH8.3d Comb and wattle trimming

In Europe pullets are not subjected to comb or wattllees tri mmi

have their combs trimmed to improve production efficiency, as trimmed birds consume marginally less food. Apart from

the likely pain caused by cutting an enervated tissue, comb trimming reduces the ability of hens to thermoregulate during
hot weather. During and after a 50 h period at 34.6 °C, comb-trimmed birds showed greater signs of heat stress (panting
and wing spreading) and highly significantly increased mortality in comparison with controls (Al Ramamneh et al., 2016).

LH8.3e Cage cleaning

In smaller facilities (e.g. backyard) removing hens from cages for cage cleaning purposes can increase mortality
(Anderson et al., 2010).

LH9. REARING

There is growing evidence of the important influence of rearing conditions on the behaviour and welfare of birds in the
laying period. Pullets reared with litter and with perches have improved welfare as adults, but more studies are needed
particularly in the commercial environment.

Chicks arrive at r-elado ngnd awiill li ta lers enad gtréddasyatated tr paadling @on c e d
sorting and sexing), vaccination, beak-trimming, transportation and unloading. It is therefore essential that they are

provided with a safe, warm and comfortable environment on arrival, with food readily available to avoid problems of

ist oruved (the failure of chicks to find, or accept, food or
information on the welfare of very young chicks, but there is growing evidence that simulating aspects of natural maternal

care can have strongly beneficial effects in encouraging chicks to learn about food, in reducing fear, increasing

behavioural synchrony, and buffering chick stress response compared with artificially-reared chicks (Riber et al., 2007;

Edgar et al., 2013; 2015). Despite this, only a narrow range of outcomes have so far been assessed and the mechanisms
underpinning the documented benefits are poorly understood.

Pullets reared in cages have a reported mortality of approximately 7% by 16 weeks of age, though with no differences
attributed to stocking rates varying from 212 to 370 cm?/bird (Bozkurt et al., 2006). Pullets reared in FCs have improved
immune function compared with pullets reared in CCs (Matur et al., 2016).

Current understanding is that the rearing environment should match the laying environment and provide the pullets with
prior experience of conditions they will encounter during lay (Janczak and Riber, 2015). European studies have found that
birds reared on the floor or in aviaries had subsequently higher mortality in FCs or similar group-housing systems, than
cage-reared birds (Weitzenburger et al., 2005a; Vits et al., 2006; Tahamtani et al., 2014) Hunniford and Widowski (2016)
also found that cage-reared hens were more likely to lay within the nestbox area in furnished cages than those reared on
litter. It is rare for cage-reared pullets to be reared in furnished cages, and is not a requirement within the EU despite the
prohibition of barren cages for layers, yet it would appear important for them to experience perches and scratch areas at
the least.

However, results on the value of consistent rearing and laying environments are not universally consistent. One Mexican
study (Itza-Ortiz et al., 2016) found that floor-reared white birds moved to conventional cages had lower mortality than
cage-reared birds.

The importance of providing litter during the rearing phase was reviewed in section LH3.5. Many studies have reported
beneficial effects of providing early access to perches on later behaviour and other outcomes for laying hens, particularly
those housed in non-cage systems. Early perch access facilitates the development of muscle strength (Hester et al.,
2013), motor skills, and spatial navigational abilities (Gunnarsson et al., 2000a), although in cage systems early access to
perches does not increase adult perch usage (Hester et al., 2014). In contrast, in non-cage systems, early perch access
increases the ability of hens to reach elevated structures as adults (Gunarsson et al., 2000; Heikkila et al., 2006). Studies
on birds fitted with accelerometers show that young pullets are most likely to display high-intensity physical activity, whilst
in older birds physical activity declines (Kozak et al., 2016a). This demonstrates the importance of providing environments
that encourage the development of motor skills and strength in young birds, who will use ramps and other elevated
structures from as young as 2 weeks of age (Kozak et al., 2016b). A more complex rearing environment with elevated
structures, produces birds that demonstrate greater use of elevated aviary levels, higher accuracy of long flights and
jumps, lower pullet mortality, and a higher proportion of eggs laid in nest boxes during adulthood (Colson et al., 2008).
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Provision of perches also reduces later problems with feather pecking (Gunnarsson et al., 1999; Huber-Eicher and
Audigé, 1999) possibly because birds learn how to avoid trouble-makers by moving in three dimensions.

Dark brooders are a comparatively new technique of providing chicks and pullets with heat during rear. These generally
comprise a platform with heating elements underneath it and dark curtain sides enabling young birds the choice of moving
into the warm, dark, environment or out to the lit and cooler whole house environment. They are gradually being adopted
for use in commercial rearing since a large on-farm study found a reduced prevalence of severe feather-pecking and
improved plumage condition in intact birds over the period from brooder placement to 35 weeks of age, with no adverse
effect on growth, body-weight uniformity, or mortality to the end of rearing (Gilani et al., 2012). Dark brooders may also
improve behavioural synchrony between birds, reduce disturbances during resting, and result in calmer birds (Riber et al.,
2007; Gilani et al., 2012).

Two surveys of commercial flocks in the UK have shown that higher levels of background noise during rear increases the
risk of feather pecking both in terms of early onset and the extent of damage during rear (Drake et al., 2010; Gilani et al.,
2013) thus designing quieter environments during rear should prove beneficial.

When pullets are transferred to non-cage laying facilities they are sometimes excluded from key resources, including the

range and the litter area, for a variable period until egg laying in nests is fully established. The impact of such nest box
fitrainingd on hen wel fare is not clear. Alm et al. (2015) f ol
flocks that were excluded from the litter resource for 2 weeks whereas Lambton et al. (2010) found that this practice led to

significantly worse plumage condition at 25 weeks of age.

LH10. BREED EFFECTS

Red Junglefowl perch more than domestic hens, and show a greater degree of social facilitation and synchrony (Eklund
and Jensen, 2011).

Hocking et al. (2004) compared behavioural traits in 25 breeds of laying hen (13 traditional and 12 commercial strains).
Strong strain differences were found in tendency for IP (and resultant wounds and mortality) but not for fearfulness or for
other measures of overall behavioural time budget.

In FCs some studies have found strain differences in perch use (Wall and Tauson, 2007) but these are not consistent
between studies. A more comprehensive study directly compared the spatial distribution of 4 strains of laying hen in a
multi-tier aviary. Brown strain birds were found on the upper tiers more often during the morning, with white strain birds
more likely to roost on the upper tiers at night. Once litter access was made available at 26 weeks, white strain birds were
quicker to utilise this resource (Ali et al., 2016). Brown strain birds are also more likely to show dust-bathing behaviour in
FCs (Roll et al., 2008; Wall et al., 2008).

Traditional breeds such as unselected Brown leghorns, the Barred Plymouth Rock or crosses between such breeds, have
significantly stronger bones than modern brown hybrids (Silversides et al., 2006; 2012; Regmi et al., 2016a). Brown laying
hybrid strains have stronger bones than white hybrids (Riczu et al., 2004; Vits et al., 2005) but appear to suffer more from
keel damage than white strains, or than brown parent stock (Kappeli et al., 2011a). This may be related to differences in
body weight and wing load, leading to less controlled jumping and flying in heavier, brown birds (Moinard et al., 2004b;
Scholz et al., 2014a) and hence collisions with greater impact. However, within Hyline Brown hybrids Donaldson et al.
(2012) found no relationship between keel damage and individual bird parameters such as bodyweight, or wing-to-girth
ratio.

LH11. WELFARE CONSIDERATIONS: OVERVIEW

Laying hens are housed in a wider range of housing systems than other species of farmed poultry and, for this reason,
housing system itself is a major influence on bird welfare.

The conventional cage (CC) system prevents birds from performing basic movements essential for good health (walking,
wing stretching), and denies birds the possibility of expressing their behavioural needs to roost, nest and forage, or their
motivation to dust-bathe, due to an inherent lack of resources. Lack of exercise weakens bones which are likely to fracture
during depopulation, and leads to metabolic conditions such as haemorragic fatty liver syndrome. Claw breakage,
plumage abrasion and poor foot health are also features of CC systems. The general benefits of cage systems (such as
reduced contact with faecal material, parasite load, infectious disease and relatively low mortality) are largely equalled or
surpassed in furnished (enriched or colony) systems (FC). Immune function appears to be suppressed in hens housed in
conventional cages compared with hens in FC systems, and levels of aggression are higher in CC systems. The welfare
problems associated with CCs are substantial and their benefits can be achieved in other cage systems.
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The FC system permits laying hens to perform a broader range of behaviours than the CC. Comfort movements, nesting
and roosting can all take place at a rudimentary level although it is likely that behavioural needs are not fully satisfied in
this system. Hens in FCs are not able to fly and foraging and dust-bathing opportunities are limited. Mortality in modern
furnished cages is lower than in any other system. Birds in FCs have stronger bones than birds in conventional cages, a
lower prevalence of injury during depopulation than hens from CCs, and a lower incidence of keel bone fractures during
the laying period than hens from non-cage (NC) systems. The welfare problems associated with FCs are significant but
these could potentially be reduced by lower stocking rates and improved provision of foraging and dust-bathing areas. A
spatial allowance of at least 750 cm?/bird is required to ensure bird welfare. The health of birds in FCs is, on average,
higher than that of hens from NC systems where far greater variation occurs.

NC systems tend to have highly variable outcomes for flock mortality, health, prevalence of keel fractures and injurious
pecking. These systems are difficult to manage well and require attentive and experienced staff and managers. Monitoring
levels of mortality, keel fractures and plumage scores in NC systems would enable targets to be set for progressive
improvement. Recording broad causes of mortality (e.g. culls, predation, smothering) would facilitate progress. Attention to
biosecurity, the use of ramps to access different levels within a house, careful positioning of house furniture, and the use
of published management strategies to reduce feather pecking would be expected to lead to gradual reductions in these
welfare problems. In NC systems, wire mesh floors have health advantages compared with plastic floors. These same
considerations apply to free-range (FR) systems, although good use of the range can mitigate some of the problems
encountered in indoor NC systems. Range use should be encouraged by the use of shrubs, trees and shelters.

The effects of stocking density for hens in NC systems have not been fully researched. Ensuring that resources are
sufficient and are evenly distributed is important to avoid locally high stocking densities.

Low light intensity is sometimes used in an attempt to control inter-bird pecking but this can have adverse effects on eye
function. It can be counter-productive if other foraging substrates appear less attractive than feathers.

Rearing pullets with appropriate enrichment discourages the development of feather pecking and helps to ensure that
birds will be able to make full use of all facilities in the laying house as adults.

Infra-red beak trimming may be a necessary interim method of reducing the damage associated with inter-bird pecking,
particularly during any industry transition towards NC systems. However, beak trimming has associated welfare problems.
With advances in genetic selection and improved management, the prevalence of feather pecking would be expected to
reduce. It may be possible to phase out the practice of beak trimming under these conditions.

Steps must be taken in all housing systems to control populations of red mite which can cause serious welfare problems
for laying hens. Further research on methods of mite control is urgently required given growing resistance to current
acaricides.

The practice of moulting hens by removal or restriction of feed causes severe welfare problems of bird hunger, stress and
unacceptable levels of mortality. These problems are not reduced or mitigated by feeding low-nutrient diets. Modern
strains of laying hen are now available with increased durations of the first laying cycle (90 weeks or more) greatly
reducing any perceived need to moult. Reduced egg production towards the end of the first laying cycle can occur due to
fat deposition and lack of exercise, but this is primarily a problem associated with CC systems. There are no welfare
benefits that could outweigh the welfare costs of this practice.
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