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ABSTRACT

This gientific opinion describes the influence of genetic parameters that have affected the welfare of commercial
broilers. There is a lack of robust scientific data for Europe on welfare outcome indicators and these should be
recorded independently and madélely available. The major welfare concerns that have a genetic basis and
that may interact with management factors to lead to poor welfeluede skeletal disorders, contact dermatitis,
ascites and sudden death syndrome. Most of these are linkedastifrdwth ratesThere are also numerous
interactions between the environment and the genetic traits that can seriously adversely affect welfare in areas
such as lighting regimes, litter management, dietary deficiencies and contamination, air quaéim@erdture.

In the risk assessment the probability of exposure to a hazard, and the magnitude of the poor welfare effects
(consequences) of that exposure were estimated. The major risk scores were unbalanced body conformation, high
stocking density, fastrgwth rate, low light intensity and wet litter. The top ranking environmental hazards were
high stocking density, low light intensity and wet litter. It was recognised by the experts that probabilities vary
from region to region, country to country and amodifferent types of farming system. Recommendations
include better data collection in Europe, greater selection strategies for improved welfare traits with birds being
selected and tested for their subsequent rearing and production environments BedeesbiFinally, a high

priority should be given to decreasing the proportion of birds with the higher gait scores, and to include contact
dermatitis and other welfare traits in the selection schemes.
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SUMMARY

On the request of the European Commission, the European Food Safety Authority (EFSA) prepared a
scientific opinion on the influgce of genetic parameters on the welfare of commercial broilers.

Over the second half of the 20th century, the growth rate of commergiatiyced broiler chickens

has been increased greatly, with standard broiler chickens now reaching 1.5 kg bodyiwaght

days whereas 120 days were needed in the 1950s. Simultaneously, the feed conversion ratio (the
amount of feed eaten per kg of chicken growth) has been reduced from 4.4 to 1.47. It has been shown
that this is largely the result of genetic selectiod & is generally accepted that most of the welfare
problems are caused by genetic fact@nsly a small number of broiler breeder companies provide the
various genetic strains of broilers used worldwide and so they have the opportunity to influence the
welfare of all broilers through genetic selection, whether it promotes good eyettdustness or
productivity. This genetic change is so rapid that the exact strain when any published work was
carried out has to be carefully considered and so data wHeeted with the help of the broiler
breeder industry by means of technical hearings. In addition, information was received from other
stakeholders and other interested parties, including the public, by means of technical meetings, web
consultation and ayblic call for data. One of the major sources of the information referred to in this
report was the scientific literature search by systematic review tineldramework ofArticle 36 of
Regulation (EC) No 178/2062

The layout of the Opinion covers an oview of scientific information on the welfare of broilers;
welfare outcome indicators used in practice; the methods used in genetic selection; evidence for
genotypeenvironment interactions; and, finally, a risk assessment was carried out.

Some birds areulled for humane reasons and others are found dead, and there is an increased
mortality associated with faster growth rates whereas slower growth rates have a lower mortality. The
major diseases with welfare implications are leg problems, contact désmatitlitions, ascites and
sudden death syndrome and these have been exacerbatéehbg selection for fast growth rate and
increased feed efficiencyHowever, there are also important interactions with the environment, e.g.
type of production, feedingegime, and management. Because there is a lack of comprehensive
scientific data, it is recommended that surveillance systems are set up in Europe to collect relevant
dataon diseases with major impact on welfamecommercial flocks, anto monitor trendsn the
prevalence and welfare consequenctshese diseases. The data that should be recorded on farm
should include the number of birds found dead, the number of birds culled, the reasons for culling,
and the mortality rate at different ages.

There areserious welfare concerns about skeletal disorders in broilers that lead to lamenessignd this
measured by examining gaHigh gait scores indicate a marked inability to walk normally and these
abnormal gaits have been associated with fast growth aatepain. However, there is considerable
variation in the reported figures due to a variety of genotypes, management factors, age at scoring,
and the scoring system used. Furthermore, gait abnormality does not always indicate pain and
suffering, althoughtiprobably does in most birds. Nevertheless marked lameness is still likely to be a
welfare problem for the affected birds because of the difficulties in obtaining resources (e.g. feed and
water) and to interact socially. It is recommended that gait g¢shinuld be monitored on farms in a
standardised way and thaitds that move with difficulty, or not at all should be culled. To reduce the
problem in the future, it is also recommended that there should be a strategic objeciivdutiiag

places a hily priority, sayover the next 10 yearg) decreasing the proportion of birds with the higher

gait scores in commercial flocks in order that lameness is minimized, even if this objective may
require them to reduce growth rate.

4 Regulation(EC) No 178/2002 of the European Parliament and of the Council of 28 January 2002 laying down the general
principles and requirements of food law, establishing the European Food Safety Authority and laying down procedures in
matters of food safety
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Contact dermatitis is idefiiéd as another important welfare problem and its cause is-facttrial

involving environmental conditions such as wet litter as well as genetic predisposition. It can be
reduced in part by good litter management to avoid wet litter but as contactitiernas a moderate

degree of heritability it should also be included in selection programmes. A standard classification
system for contact dermatitis should be developed for Europe and again there should be an objective
by the industry to decrease theportion of birds with contact dermatitis, over the next 10 years or

SO.

A genetic predisposition exists for both ascites and sudden death syndrome and there is a link with
growth rate. The prevalence of ascites is thought to have decreased over the/émstdsbreeders

have includedhis health problem in their selection schemes, but its prevalence should be monitored
and given a high weighting in selection indices.

Genetic selection of broilers has changed considerably over the past 50 years amtomwasses
welfare traits, including particular pathological conditions, and production traits. However, the level
of genetic improvement, or otherwise, of individual traits cannot be quantified due to the lack of
access to confidential breeder data. ré€fare, data on welfare outcome indicators (such as mortality
and culling rates and the reason for dying and culling, gait scoring and ascites in commercial rearing
conditions) should be recorded independently and made publicly available by breedingiesrigran

each genetic line of broilers.

There are considerable and numerous interactions between the environment and the genetic traits that
can seriously adversely affect welfare in areas such as lighting regimes, litter management, dietary
deficiencies ad contamination, air quality and temperature. Sometimes the consequences for bird
welfare may conflict, e.g. scratches (bad) may be exacerbated by increased activity of the bijds (good
and this has to be taken into consideration.

Most studies on genetiselection and interaction with the environment have, to date, focussed on
productivity and reproduction and not on welfare. Bird welfare would be improved if more emphasis
were given to health and welfare traits particularly if birds were selected ard tiest their
subsequent rearing and production environments by the breddengtic diversity should be
maintained by breeding companies in order to meet future market demand and to develop lines that
can withstand challenging environments. Slower groiimgs should be used in conditions of high
environmental stress and should be selected further for hot climates. Farmers should select strains of
birds that are best able to cope with the environments in which they will be reared.

Genomic selection may @vide a useful tool for the improvement of traits that have low heritability
or are difficult to measurand welfare related traits should receive high propriety in order to benefit
from any new technology

In a systematic, scientifically based processslkaassessment estimated the probability of exposure to

a hazard, and the magnitude of the poor welfare effects (consequences) of that exposure. As
mentioned above there is an overall lack of data on prevalence, e.g. conditional exposure, and
exposure tahe hazard. The major risk scores for likelihood of being exposed to a hazard that leads to
poor welfare (welfare impact plus exposure to hazard) were unbalanced body conformation, high
stocking density, fast growth rate, low light intensity and wet littdre experts also considered a
range of environmental hazards that may interact with broiler genetics, and indicated that the top
ranking hazards among these are high stocking density, low light intensity and wet litter. These
hazards are ranked highlytleer because the adverse effects are intense or prolonged or the
probability of the birds being exposed to these hazards is high and the probability of experiencing
adverse effects when exposed to these hazards is high. The ranking of hazard risk ssone$ do
necessarily correlate with its welfare impact or magnitude of the adverse effect ranking. In the risk
assessment, high ambient temperature, ammonia and carbon dioxide levels and relative humidity were
positively correlated with production traits, ®ieas dust levels were positively correlated with health
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and other welfare traits. A standardised system for recording respiratory and mucous membrane
diseases at the slaughterhouse should be investigated and developed.

It was recognised by the expertatliprobabilities vary from region to region, country to country and
among different types of farming system and so probability estimates had large ranges. Routine data
collection across Europe would help to make these estimates more accurate.

EFSA Journal 200; 8 (7).1666 4
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Background as provided by tEgiropearCommission

The Community ActiorPlan on the Protection and Welfare of Animals has as one of the main areas

of action fupgrading existing minimum standard:
possibly elaborating minimum standards for species or issues that are not curremthgedian EU

| egi sl ationo.

Council Directive 2007/43/EUaying down minimum rules for the protection of chickens kept for
meat production calls for the Commission to submit to the European Parliament and to the Council a
report concerning the influence genetic parameters on identified deficiencies resulting in poor
welfare of chickens.

The report of the Scientific Committee on Animal Health and Animal Welfare of 21 March 2000 on

the Welfare of Chickens Kept for Meat Production (Broilers) concluded thatida range of
metabolic and behavioural traits in broilers has been changed by selection practices. It seems that
many welfare problems in broilers emanate from the way the animals and the parent stock are bred. In
particular, major concerns for animal ege are the metabolic disorders resulting in leg problems,
ascites and sudden death syndrome and other health problems. Genetic selection practices might as
well influence resistance to stress. The report also concluded there are also welfare coogeths ab

way broiler breeder birds themselves are kept in particular with regards to feed and space restrictions.

TERMS OF REFERENCE ASPROVIDED BY THE EUROPEAN COMMISSION

The Commission therefore considers it opportune to request EFSA to assess abrtikec sand
commercial information available on the genetics of broilers as well as on the welfare of grandparent
and parent stocks and then to issue two scientific opinions, the first one on the influence of these
genetic parameters on the welfare anel risistance to stress of commercial broilers and the second
one on the welfare of grafmhrent and parent stocks raised and kept for breeding purposes.

It is preferable to carry out the assessments in two steps.

As first step of the mandate, all data itadale worldwide on genetics either from scientific studies or

from stakeholders and breeding companies should be collected and assessed. Furthermore, the data on
the welfare aspects of the management and housing of thegaesmits and parents stocksseal and

kept for breeding purposes should be also collected and assessed. Account should be taken of the
results of the research project ent i {Decayperei Br oi |
et al, 2006)as well as of the new scientific ddgpment in this area. The above mentioned scientific

and commercial data should be assessed by 28 February 2010.

As a second step and considering the Scientific Report provided from the data collection, two parallel
Scientific Opinions, following a harm@ed approach, should be developed:

e to assess which elements of broiler breeder bird selection have an impact on the welfare of
commercial broilers and on their resistance to stress. Recommendations on how negative
impacts could be minimised through ditet selection criteria should be issued.

e to address the welfare aspects of the management and housing of thpagearicand parent
stocks raised and kept for breeding purposes.

® Coundl Directive 2007/43/EC of 28 June 2007 laying down minimum rules for the protection of chickens kept
for meat production (Text with EEA relevance). OJ L 182, 12.7.2007,i[2819
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ASSESSMENT

1. Introduction

Over the second half of the 2Century, chicken mat has become a major source of animal protein

in human diet. During this period, the growth rate of commeremibgluced broiler chickens has

been increased greatly: standard broiler chickens now reach 1.5 kg body weight in 30 days whereas
120 days weraeeded in the 1950s. Simultaneously, the feed conversion ratio (the amount of feed
eaten per kg of chicken growth) was reduced from 4.4 to 1.47. It has been shown that this
improvement is largely the result of genetic selection (Havenstein et al., 20@3gffect of broiler
breeding is a dynamic process of the chicken populations that gradually change the various traits of
interest. Traits that initially were of Aaterest, may after a while (some years) start to change in an
antagonistic way due to amfavourable genetic correlation (e.g. leg disorders, metabolic diseases)
causing the breeding company to include that trait in the breeding index. Selection for fast early
growth rate has resulted in major changes in the anatomy and physiology of banikéried to
various welfare problems (SCAHAW, 2000; Bessei, 2006). This dynamic selection process means
that observations done 10 years ago may not be completely relevant today. Welfare implications of
housing and feeding of broiler breeders are also itapbissues (Decuypere et al., 2006; Renema et

al., 2007). It is generally accepted that most of the welfare problems are caused by genetic factors,
environmental factors and interactions between them. Research on-bagedl(outcome) indicators

of animal welfare is making it increasingly feasible to assess broiler welfare and to monitor changes
over time. With a good monitoring system in place it will be possible to evaluate the consequences of
genetic and environmental changes on broiler and brogeder welfare.

Approximately 6070 % of the broiler breeding is conducted by European companies and the demand
for their products from outside Europe is increasing (see Appendix A). Breeding companies provide
lines for the various types of broilers needeatldwide and only a few companies supply the world
with broiler breeders and broiler chickens. They have therefore the opportunity to influence the
welfare of all broilers through genetic selection, both on welfare and robustness as well as
productivity.

2. Scope and objectives

The scope of this Scientific Opiniciocuses onstandard meat producing chickens that typically
weigh approximately 2.5 kg by 42 days of age (i.e. broilers).

The present Opinion evaluates which elements of broiler genetic selectierahampact on the

wel fare of commerci al broil ers. I't was agreed t
stresso was I|likely to form part of a | ater mand.
this opinion on genetics anddiler welfare.

This Opinion is laid out as follows. Chapter 3 gives an overview of welfare issues in broilers. In
Chapter 4 some practical welfare indicators are described. Chapter 5 provides information on genetic
selection of broilers. Chapter 6 addesgienotype by environment interactions. Chapter 7 presents a

risk assessment identifying the hazards and evaluating the consequences of exposure to such hazards.
Finally, conclusions and recommendations are given.

Two ad hocexpert Working Groups were asished in response to the request from the Commission
to prepare this Scientific Opinion; they have worked in close cooperation. The Working Groups have

EFSA Journal 200; 8 (7).1666 8
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made use of technical hearings with experts from the breeding intiusfgrmation provided by
stakeholders and collected by EFSpas well as outcomes from a systematic review on the litefature

The lack of published data in some aspects of the question was, in part, compensated by information
supplied by the technical hearings. Although this infagiomacould not be verified according to
normal standards of peer reviewed publications, the working group decided to use industry based
information (identified as such in the text) in this report to make it more complete and comprehensive.

3. Overview of thewelfare of broilers

This section is a summary of the welfare problems encountered in broilers and is based on the
conclusions of the report of the Scientific Committee on Animal Health and Animal Welfare adopted
in 2000 (SCAHAW, 2000). Where appropriateldéional recent update references have been
included. As asked by the mandate of the Commission, this section is focussed on the influence of
genetic parameters on the welfare and resistance to stress of commercial broilers.

Most of the welfare problemaibroiler chickens are caused by multiple factors (genetic and
environmental/management factors, Bessei, 2006). Even if there are interactions between these
factors, it is recognized that some welfare problems are related to genetic factors (e.g. metabolic
disorders such as sudden death syndrome and ascites, skeletal disorders and low locomotor activity,
low tolerance to stress) and others (e.g. contact dermatitis, thermal discomfort) are mainly related to
environmental/management factors such as stockewgity and litter quality, light, and barren
environment (Bessei, 2006).

According to the SCAHAW report (SCAHAW, 2000), major concerns for chicken welfare are the
metabolic disorders resulting in leg problems, ascites and sudden death syndrome ansootiees d

such as footpad dermatitis. There are indications from Danish and Canadian sources that some of
these (such as valgwsrus deformities or ascites measured on Canadian condemnation at
slaughterhouse) have shown a decrease in recent years (agdordeta received in the public call

for data) but this trend needs to be confirmed. According to Julian (2005), cardiovascular ailments are
responsible for a major proportion of flock mortality whereas musculoskeletal disorders, even if they
account forless mortality, cause lameness which remains a major welfare concern. Most of the
welfare problems of broilers are associated with genetic selection for faster and more efficient
production (SCAHAW, 2000), but other factors (environmental/management) whatie fast early
growth, such as extended light regimen or nutrition and feed management, are also involved (Bessei,
2006).

The major concerns for animal welfare are leg problems, footpad dermatitis, ascites and sudden death
syndrome.

These concerns faanimal welfare have been associated with genetic selection for fast growth and
more efficient production.

® The Working Group directly received information from ArMarie NeetesonHuropean Federation of Farm Animal
Breeders, EFFAB), Mark Cooper (Cobb), Yves Jégo (Hubbard), and Ken Laughlin (Aviagen) as hearing experts

" European Food Safety Authority (EFSA), Public call for data on health and welfare aspects of genetic setailensof
EFSA Journal 2009; 7(12):1439, 195 pp. Available ondihéttp://www.efsa.europau.

8 Lefebvre D, Tatry MV, Shepers F, Rodenbur@, BluneauSalaiin A, Allain V, 2010Toward an information system on
broiler welfare: Genetic selection AspectsSTOGA). Technical report submitted to EFSAAvailable at:
http://www.efsaeuropa.eu.
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Monitoring of the trends in these welfare issues in commercial flocks in Europe is needed to confirm
that the suspected improvements are genuidecantinuing; and to identify emerging new welfare
problems.

3.1. Mortality

Mortality in broiler flocks can imply complex and different calculations. Mortality can be defined as
the sum of found dead and culled animals in a given time interval divided byrtii@enof original

birds at the beginning of that interval. Consequently, for a given overall mortality figure, the
difference between birds culled and found dead could be an important measure of welfare. Culling
can be carried out for several reasons butimi s cont ext we separate Ovol
culling. Voluntary culling is when birds unsuitable to be farmed are killed, e.g. wrong sex, wrong
body conformation, surplus to requirement. Involuntary culling, on the other hand, occurs when
animds suitable for production have poor welfare, e.g. injury, disease, lameness and unable to walk to
access feed and water. Birds can also be found dead or suffer and die over a period of time. Culling of
birds, is a way of minimizing suffering and the ragioculled birds to those birds found dead could be
used as a welfare indicator for a given mortality rate.

For example if 10% of birds are culled (involuntary) and a further 10% are found dead then the total
mortality is 20% then the ratio C:FD is 1. féir the same mortality 5% are culled and 15% are found
dead then the ratio is 0.33 indicating a greater welfare problem and poorer management.

For a given mortality figure, the difference between birds found dead and culled birds is not always
made clearrd it is helpful to do so for the reasons outlines abMareover the extra dagid chicks
delivered at the farm and the culled birds are not always taken into account in the calculation
Mortality can be calculated at the farm or at the slaughterhthesewould include deadn-arrivals).
Furthermore, there are currently no general rules on culling in most countries. In most cases culled
birds are small or injured birds or birds with leg problems which are unable to have a normal access to
food and watesupplies. The EU Directive (2007/43) indicates that culled birds should be integrated
into the mortality figures. The Directive specifies that if one wants to produce more than 39 kg/mz?, the
mortality (%) of the 7 previous flocks should not be more than0.06 x age of the flock at slaughter

(in days). Nevertheless, the current directive 98/58/&i@ady requires that mortality records are
kept, i.e. that the number of dead or culled birds is recorded regularly. In 2011, the OIE will probably
propose @ its members to include two new chapters on animal welfare and animal production systems
into the Terrestrial Animal Heath Code, one of them will concern broiler production system. The
current draft text mentions mortality as one of the possible welidieators for broiler chicken.

Death of an individual is not necessarily a welfare problem, but the way an animal dies can cause
poor welfare, e.g. the time it takes to die and the extent to which it suffers before death. High levels of
mortality due to por health, disease or injury couldflect pooranimal welfare. On the other hand,

high levels of culling can also reflect the best way to prevent animals from suffering when they are
sick or injured. But the ideal situation regarding welfare is when imtaty culling is not needed.

The Annex | of the Directive 2007/43/EC indicates that the number of birds found dead with an
indication of the causes, when known, as well as the number of birds culled with causes should be
recorded.

The link between mortalf and genetic selection was assessed mostly through experimental reports
since no field data are published in a validated way, but we can assume that the global tendency is the
same in the field.

® Council Directive 98/58/EC of 20 July 1998 concerning the protection of animals kept for farming purposes. OJ
L 221, 8.8.1998, p. 227.
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Embryonic and early mortality can be influenced by agereéders, egg storage, shell and chick
quality, and incubation conditions (Scott and Mackenzie, 1993; Roque and Soares, 1994; Reis et al.,
1997; Bruzual et al., 2000; Elibol et al., 2002; Decuypere et al., 2006; Elibol and Brake, 2008). Early
mortality canbe partly reduced by appropriate screening of hatching eggs. Breeders that are either too
young or too old often have poorer fertility and hatchability resulting in chicks that have increased
embryonic and early mortality (Pedroso et al., 2005; Elibol Bradke, 2006; Almeida et al., 2008).
Delay in housing dawld chicks can also cause increased mortalBtafips and Andrews, 1995

Raju et al. (1997) reared, separately or mixed together, chicks issued from different weight categories
of eggs (category bgategory) or mixed together (different weight categories in the same pen).
Correlation coefficients between egg weight and body weight at all ages of measurement were
positive. Dayold chick weight increased significantly (P < 0.01) with an increase inwegght.
Mortality was highest in the group with lighter eggs. Rearing of chicks according to body size yielded
higher body weight with low mortality and reduced variation in chick performance among the groups.

Fries and Kobe (1992) looked at 6 flocks undenventional intensive rearing conditions (0 to 35 /37
days) and found a mortality rate between 3.00 % and 5.02 %. According to Ellendorf (2002), the
mortality of broilers ranges between 3.6 % and 4.5 % under different field conditions. Meluzzi et al.
(2008) found a significantly lower mortality in broiler groups when kept at a low stocking density, a
short photoperiod and a large amount of litter than in controls with a higher stocking density, a longer
photoperiod and smaller litter amounts (1.61 % w&i%20 % (0 to 43 d) and 2.18 % versus 3.79 % (0

to 49 d)). In a study performed in 2008 in The Netherlands, Italy and the UK on 46 flocks of broiler
reared in an intensive and in a less intensive production system (R2PQ\the mean percentage

of deal and culled birds measured in each country varied from 2.2 to 5.0 % (Welfare Quality
deliverable 4.34, 2009).

Mortality in older birds is often related to metabolic disorders caused by rapid growth or by infectious
and/or digestive disorders (See Secthf). Havenstein et al. (2003) compared a 1957 Athens
Canadian Random Bred Control (ACRBC) with a 2001 Ross 308 modern strain, and fed with 1957
and 2001 representative diets. Performances (Body Weight and Feed Conversion) were higher for the
modern line bt, in males, mortality was higher with Ross 308 (4.76 and 3.57% with 2001 and 1957
feed respectively) than with ACRBC (2.38 and 1.19%) at 42 d. In females no meaningful differences
were seen at this age. At the end of the experimental period, diffeienoestality were increasing

(for females as well as males) but significant differences were not detected because of the small
sample size (except at 84 days where a strain effect was significant). But it should be noted that the
Ross strain was not seledtor generally kept for such a long rearing perigethe and Gous (2098
studied the effect of dietary protein content on growth, uniformity and mortality of two commercial
broiler strains (Ross 308 and Cobb 500) in two experiments (1) in cages urdih@j on the floor

until 42d). Mortality did not appear to be related to the nutritional treatments imposed on the Ross
strain in either of the experiments, although the difference between strains was statistically significant
(P <0.01) only in Experimear2. In both experiments the Cobb birds showed a tendency to a higher
mortality at the lowest dietary protein contents, and in the second experiment mortality increased
exponentially on the highest feed protein contents. Casey et al. (1989) studiedutrecenbf breed

and sex on mortality and the incidence of skin tears in broiler carcasses. In their experiment,
mortalities among the Hubbard strains were significantly higher than among the Ross with hens
showing a slightly higher mortality rate than nglevhich was tending towards significance at the 5

% level. Van Middelkoop et al. (2002) compared experimeradilers 1957 (Hubbard/ISAreared

until 56 days with Cobb 500 reared until 42 days of age. They showed a significantly lower mortality
in 1957 dow growing genotype (1.5 % vs 5.6 %) which was associated with significantly lower heart
and circulation syndromes. Cooper (in EFSA, 200Bublic call for data) compared mortality of a

fast growing genotype (Cobb 500) under standard industry practtbe dK with a sloweigrowing
genotype (Hubbard JA 757) reared with higher "welfare" standards (maximum genetic growth rate
restricted to 45 g/bird/day, a lower stocking density, environment enrichment items and increased
light intensity). Mortality was sigjficantly lower for the slowegrowing genotype (1.9 % vs 5.1 %).

Even if it was not possible to distinguish the effect of genetics and rearing conditions, we can assume
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from these repeated results that slower growth can lead to decreases in mortabty &s other
welfare problems.

Genetic selection can also have an impact on mortality due to ascites (see %é&gtiSome slow
growing lines, and those inheriting the naked neck appear resistant (Hernandes et al., 2002).
Restriction of dietary treatments, i.e. reduced quantity, access time, and nutrients, has been effective
in decreasing mortality due to ascit€amacheFernandez et al. (2002) showed that feed restricted
broilers resulted in the best prefibst relationkip, the lowest mortality due to ascites, the best feed
conversion and increased economic benefits (even if weight gain was higher -restrarted
animals).

Mortality itself does not directly reflect animal welfare but can impact welfare if we coribel@ray
and the reason for animals dying.

Mortality is composed of the number culled involuntarily and the number found dead and the
relationship between these two is an important welfare indicator. Nevertheless culling and mortality
should be as low asopsible. The causes of culling and mortality should be identified, recorded and
monitored.

When animals are sick or injured culling is the best way to prevent them from suffering. In this case
the ratio of involuntary culls relative to those found deadreflact good welfare management.

There issome experimental evidence that higher growth rates of certain genotypes are associated with
increased mortality.

Mortality rates in slow growing stains may be lower than in standard lines but also depends of oth
factors e.g. type of production, feeding regime, rearing duration and management.

3.2. Musculoskeletal disorders

Skeletal problems affect predominately the locomotor system in broilers and cause lameness. The
causes can be infectious (femoral head necrsgigvitis, infectious stunting), developmental (bone
deformity such as valgugrus dyschondroplasia, rickets, weak bones) or degenerative. Restricted
movements are thought to cause a higher incidence of bone deformity (Haye and Simons, 1978).
Tibial dysdiondroplasia (TD) has a strong genetic component (Wallg et al., 1993) and is also
heavily influenced by nutrition (see SCAHAW 2000 for review). Leterrier and Nys (1992) comparing
tibial growth of slow and fast growing broilers showed that rate of trovas associated with lower
mineral density and higher porosity of the tibial cortices (comparison at similar weights). However,
according to Leterrier et al. (1998), the reduced occurrence of weadgus in slow growing chicks

cannot be related to an fimovement in the composition of bone tissue. There is another report that
shows that the bones of a fagbwing selected strain are more porous and less well mineralised than
those of a slowegrowing control strain (Williams et al., 2000). On the othemdy the recent study of

Talaty et al. (201pcomparing four commercial broiler crosses shows that bone mineral density was
similar between crosses. However, even if some of these crosses differed in lameness, no information
was given on the growth ratearacteristic of the crosses. Degenerative disorders may represent the
progressive effects of abnormalities occurring at early age or may be the consequences of load bearing
or trauma throughout life. Some lesions can also result from viral infections.

Leg problems are a major cause of poor welfare in broilers. Several gait scoring methods are used for
assessing broiler lameness in the field (Butterworth and Arnould, 2009). Kestin et al. (1992) (the
group that developed the Bristol Gait Scoring System (BG@5Snormal to 5- unable to walk)
pointed out that their score reported on abnornm
have difficulty in moving around are likely to suffer some restriction of behaviour and could suffer
physical discomforti addi ti on to any pain associated with
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haveanomp ai nf ul structur al abnormality, the most
in gait (scor e 2 yponelocalised pam ordesidhiteere is often progression ifram
score 2 to higher scores so a greater likelihood of pain and other poor welfare. A gait score of 3 or
more is the most important welfare outcome indicator and gait scofgsc@uld be given a high
weighting in selectiorindices even though it has a low heritability. An objective to decrease the
proportion of birds with gait scores 3, 4 and 5 could be a priority and factors contributing to high gait
scores (&) should be given high weighting in selection indices in otdereduce this important
welfare problem (see also Knowles al.,2008). At present there is no standardised gait scoring
system for broilers or broiler breeders but such an instrument/tool could help in farm management and
in genetic selection strategies

Gait scoring surveys have shown that in several European countries large numbers of broilers have
impaired walking abilities. Birds with moderate to high lameness scores, i.e. score 3 or above using
the Bristol Gait Scoring System (BGSS; scores ranfjimp 0-5) can experience pain and discomfort
according to Mc Geown et al. (1999) and also Danbury et al. (2000). But, there is much debate as to
whether pain is a significant causal factor of abnormal gait (Corr et al., 2003) as the lameness could
result fom abnormal gait patterns from biomechanical limitations rather than from pain. According to
these authors, these biomechanical limitations are a likely consequence of the morphological changes
such as the rapid growth of breast muscle moving the cehtyeaty forwards and the relatively

short legs in relation to the birds' bodyweight. If there is a link between lameness and pain it probably
depends on the cause of lameness. It has been demonstrated that the ankle joint is well supplied with
nociceptos (Gentle 1992 which respond to abnormal movements of the joint. In inflammatory
articular disease, the joint capsule nociceptors become sensitized and even small movements can
become painful (Gentle & Thorp 199Gentle 199). The behaviour of broilerssimodified by
lameness: for example the time spent lying is increased in broilers with BGSS gait scored 3 and their
feeding strategy was modified (lower number of visits and higher meal durations compared with
sound birds)\(Veeks et al., 2000Score 4 iBGSS indicates that birds have a severe gait defect, only
walking when driven or strongly motivated and score 5 indicates that bird cannot walk at all (Kestin
et al., 1992 for more details). Even if there is no consensus on pain experienced by brisilelesit

that the welfare of the birds will be compromised if, for example, they are less capable of reaching the
feeders or drinkers.

Van Middelkoop et al. (2002) showed experimentally that slow growing broilers (1 957 Hubbard/Isa)
reared until 56 daysad significantly better walking ability (gait score) than Cobb 500 reared until 42
days of age. Similar results have been obtained in France in 2007 comparing commercial flocks of
fast growing broilers (17 flocks) and slow growing broilers (15 flockspmyeercentage of birds with
moderate to low walking ability (score 3 and above with BGSS) was 2.0% and 0.6% respectively
(Arnould, member of the WQunpublished dataAn important field survey undertaken in UK on 176
flocks (51,000 broilers) showed thask factors associated with impaired locomotion and poor leg
health are those specifically associated with rate of growth (Knowles et al., 2008). Kestin et al. (1992)
observed that more birds were severely affected by lameness in intensive broiler genedypéd

under intensive commercial condition (4 flocks) or in conditions similar to commercial free range
broilers (1 flock) when assessed at approximately the same weight. According to Bradshaw et al.
(2002), femoral head necrosis is the most commonais@nd is often severe in form. In this review,
based on data obtained before 2000, it is also stated that TD and rickets are common, -often sub
clinically but when severe there is a considerable impact on welfare. Malgus disease and rotated

tibia can be common but tend not to be painful unless another condition is present. According to these
authors, growth rate should be decreased to reduce the prevalence of leg disorders. In a review chapter
on skeletal problems associated with increased produbtidVhitehead et al. (2003) it is concluded

that the major part of specific leg disorders in broilers has a heritable part. In the study by l-e Bihan
Duval et al. (1997) in two commercial broiler strains, varus and valgus deformities showed moderate
heritabilities (estimated at 0.22 when based on the sire component). Very low genetic correlations
were found between susceptibility to leg deformities and growth performance (with average genetic
correlations with body weight at 6 weeks of 0.05 and 0.01 fgusahnd varus respectively). In this
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study, moderate unfavourable genetic correlations were found between varus and conformation traits
(with genetic correlations of 0.16 and 0.19 between the susceptibility to this deformity and the
measurement of breastgle and that of breast meat yield, respectively). This showed that care had to
be taken about the impact of the intensive selection applied in the meat type strains for greater
conformation on the incidence of varus deformity. Kuhlers and McDaniel (166B)advantage of

the existence of two lines of chickens divergently selected from atgpmdecommercial strain for

either high or low frequency of TD to study the genetic control of this deformity and its genetic
relationship with growth. In this seleati experiment, only birds providestl libitum access to a

broiler diet developed TD while those fed on a restricted basis (i.e. the future reproducers) did not.
After 7 generations of selection, the frequency of TD (measured by a lixiscope) was 93.24¢&and

in the line with a high incidence of TD, the line with a low incidence of TD respectively. TD showed
quite a significant level of heritability at both 4 and 7 weeks (0.37 and 0.42, respectively). It was also
noticeable that the genetic correlationsT& either at 4 or 7 weeks) with body weight were low
(between0.01 and +0.10). As concluded by Whitehead et al. (2003), the genetic correlations between
specific skeletal problems and growth should permit a genetic improvement in leg health along with a
continued, though more modest improvement, in growth rate. However, the gait score seemed useless
as a selection criterion as it had a low heritability and a strong antagonistic correlation with growth
rate. In the study fron®arner et al. (2002the presnce or severity of TD did not affect gait score,
suggesting that other leg problems had more influence on gait impairment than did TD. During the
hearing of the three breeding companies they affirmed that several aspects of leg disorders were
included intheir breeding programme, which is consistent with the fact that recent surveys in
commercial flocks report a decrease in the incidence of leg problems, such as TD andaralgus
during the last decade (ref. technical hearing).

Since gait scores vary thi the age of the bird it may be difficult to compare studies. Two surveys
performed in Denmark (1999) on 28 flocks and Sweden on 31 flocks (2002) to estimate the
prevalence of leg problems in conventional broiler production showed a prevalence ofcargag s

or above (scores ranging from 0 to 5, BGSS) varying from 14.1 to 30.1 %, a prevalence of TD varying
from 45.2 to 57.1 % and a prevalence of valgasis varying from 21.6 to 48.5% according to the
genotypes (Ross 208 and Cobb) and the country (@aabtl., 2003). From recent examinations of

30 commercial broiler flocks in Denmark it was shown that the prevalence of TD had decreased from
47 % in 30 flocks surveyed in Denmark in 1999 to less than 1 % 6 years later in the same number of
flock (Pedersnet al., 2005). In the survey cited above (Sanotra et al., 2003), the mean percentage of
birds with valgusvarus deformities varied from 36.9 % in Denmark to 52.6% in one strain in Sweden.
However, broilers with serious cases of valgasus angulationgptation of tibia or crooked toes are
seldom seen in broiler flocks these days in Denmark. In spite of reduced prevalence of some leg
problems like TD,valgus ar us and rotations, other | eg proble
life primarily in relation to the femur (Whitehead et al., 2003). Diagnostic tools have not yet been
developed to identify these types of leg disorders. A esestional survey conducted in UK in 79
flocks between 1994 and 2000 (divided in 5 periods) showed an overall pevalkleg weakness

(gait score 3 or above, scores ranging frab) @f 2.5 % varying from 1.9 to 3.5 % according to the
period concernedPfeiffer D et al, personal communicatior2003) In another study performed in

UK, 0.9 % of gait score 2 (scores gimg from O to 2 with score 2 corresponding to birds reluctant to
move and unable to walk many strides before sitting down) and 23.3 % of leg deviation-(aalgis

and rotation) were found (Dawkins et al., 2004). However, a recent survey performedoin U6

flocks showed that 27.6 % of birds showed poor locomotion (gait score 3 and above; BGSS) and 3.3
% were almost unable to walk (scores above 3) (Knowles et al., 2008). In a study performed in 2007
during the Welfare Quality project® on 60 flocks m@in intensive production system in France, UK

and The Netherlands the mean percentage of birds with a gait score 3 and above (BGSS) measured in
each of the countries varied from an average of 2.0 to 23.3 % (it varied from 0 to 70.0% according to
the floks) (BasslerA et al.,personal communicatigeontacted by WG membe2009 Arnould and

Colin, 2009). In a similar study performed in 2008 in The Netherlands, Italy and UK on 46 flocks of
broilers reared in intensive and less intensive production syR&REA 2008 the mean percentage
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of birds with a gait score 3 or above (BGSS) measured in each of the countries varied from 9.4 to 32.6
% (Welfare Quality deliverable 4.34, 2009). In the UK survey cited above (Knowles et al., 2008) the
primary risk factorsaassociated with impaired locomotion and poor leg health were those specifically
associated with rate of growth. Factors significantly associated with high gait score included the age
of the bird (older birds), bird genotype (two genotypes from eitherobrieo major international
breeder companies), not feeding whole wheat, a shorter dark period during the day, higher stocking
density at the time of assessment, no use of antibiotics, and the use of intact feed pellets.

There are serious welfare concernsroskeletal disorders in chickens.
High gait scores have been associated with fast growth rates

However, there is considerable variation in the reported figures due to a variety of genotypes
management factors, the age at scoring, and the scoring systdm u

Some skeletal disorders are already being addressed in selection (e.g. TD).

Overall gait scoring has low heritability but some of the reasons contributing to high gait scores
(valgusvarus, TD) are heritable.

Gait abnormality does not always indicg@in and suffering. However high scores (i.e. 4 and 5 in
BGSS) probably reflect suffering; moderate score (3 in BGSS) may also do so.

Gait scoring could be monitored on farms in a standardised way with the goal of decreasing the
proportion of birds scoring or higher in the near future.

Decreasing the proportion of birds with score 4 and 5 should receive a high propriety and should be
addressed through increased selection pressure on all factors contributing to high gait scores as well
as through improvethanagement.

3.3. Muscle disorders

Myopathies (deep pectoral myopathy, muscular dystrophy) and biochemical indices of muscle
damage have been identified in broilers. Some are induced by stress (acute heat stress) and have a
genetic component (SCAHAW, 2000; Sarmtek et al.,, 2006, 2009). Sandercock et al. (2006)
comparing two chicken lines showed that k&tassinduced myopathy was more pronounced in the
broiler than in the layer line at the same age or at similar live weights. These authors suggested that
gengic selection for high muscle growth in broiler lines has compromised their capacity to respond to
an acute thermal challenge, leading to detrimental consequences for muscle function. Recent research
showed that there was considerable (genetic) variateawden lines for the activity of creatine
kinase, a blood enzyme that is an indicator of muscle damage. Approximately 50% of the total
variation in enzyme activity was attributable to differences between broiler lines suggesting that
genetic selection codlimprove muscle function (Sandercock et al., 2009 a and b).

Heritability of the incidence of deep pectoral myopathy has been estimated to be 0.48, and body
weight and breast angle are greater in affected tharaffiected birds, and are positively coateld
phenotypically with the incidence of deep pectoral myopathy (Hollands et al., 1986). This relationship
between wide breast angle and deep pectoral myopathy had already been observed in a study
comparing different medype chicken genotypes from bmil stock from 1958 to 1971978
(Grunder et al., 1984). The impact of myopathies on bird welfare is not really known but Julian
(2004) considered that deep pectoral myopathies are likely to be a very painful condition during the
acute phase because of thwelling and the pressure inside the muscle. However, deep pectoral
myopathy is apparently not a problem in modern broiler production (technical hearing).

EFSA Journal 200; 8 (7).1666 15



~.efsam

European Food Safety Authority Genetic seletion ofbroilers

3.4. Contact dermatitis

Skin diseases are disorders increased considerably from 1969 to 1988 {134.586) (Hartung,

1994 cited in SCAHAW, 2000 Contact dermatitis (skin conditions or lesions of the breast, hock and
feet which may be scored slightly differently in different countries) is a widespread problem in
European broiler production even if the irende is highly variable (Bessei, 2006; Berg, 2004). In
severe cases the erosions develop into ulcerations with inflammatory reactions of the subcutaneous
tissue. The lesions can become infected with a variety of bacteria. Such lesions can cause pain,
whether infected or not, which constitutes a welfare issue. In a study by Martland (1985) broilers with
severe foopad dermatitis showed slower weight gain. This author suggested that this could be due to
paininduced inappetence. It might also due to lowedfintake as a result of fewer visits to the
feeders due to pain when walking. Furthermore, lesions can be a gateway for bacteria which can lead
to joint inflammation.

Management practices seem to be the most important factor in preventing the ocafrresicktter

which is believed to be the main underlying factor of the disease together with feed composition to a
lesser extent (SCAHAW, 2000; Mc Lean et al., 200@yes et al., 200%1ayne, 200%. Experience

from Sweden and Denmark has clearly demamstt that monitoring programmes for fquad
dermatitis, in combination with relevant management advice to broiler producers, can substantially
decrease the incidence of fquad dermatitis in broilers (Algers and Berg, 2001; Berg & Algers,
2004).

In Sweekn it decreased from 11 % in 1994, when the surveillance program started, to 6 % in 1996
(Algers and Berg, 2001). However, mild lesions did not show any significant decreasing trend
(Ekstrand et al., 1998). In 1998 the prevalence of severg#mbtesion$ad further decreased to 6%
(Algers and Berg, 2001). The type of rearing system, including the use of different genotypes, clearly
affected the prevalemcof contact dermatitis. In Denmark a monitoring programme was initiated in
2001 using the same pripées as in Sweden. For each batch of chickens slaughtered at a slaughter
plant 100 feet were sampled and scored, classifying each foot with either no, mild or severe lesions
with scores of 0, 1 or 2, respectively. They found a decrease between 2002 arabi268ponding

with the experience in Sweden (Pedersen, 2007) and was thought to be due to farmers with repeated
to high FPDvalues reducing the flock density, combined with and advice to improve the litter quality.
Thus by governmental regulation it wpsssible in Denmark and Sweden to reduce FPD and in
Norway The Netherlands and Belgium similar approaches are being discussed.

In thePagazaurtundua and Warriss (2p86érvey, performed in the UK in 91 farms on 359 flocks, the
flocks that had access toetlbutside (slaughtered at a minimum age of 56 or 70 days) showed a higher
prevalence of foepad dermatitis than those kept entirely indoors (slaughtered at an average age of 39
or 49 days). The lowest prevalence of fpatl dermatitis and the lowest seieof lesions occurred

in Freedom Food systems (2 farms, 85 flocks), and the highest prevalence and highest severity in
organic systems (23 farms, 128 flocks). Opposite results have been obtained in France comparing
commercial flocks of fast growing breils (17 flocks) with slow growing broilers (15 flocks): mean
percentage of birds with severe FPD and hock burn was 23.0 % versus 7.9 %, and 5.2 % versus 0.0 %
respectively Arnould, member of the WGunpublished da)a These results are consistent withséo

of Cooper (in EFSA 2009 Public Call for Data). In these studies it is not possible to distinguish
between genotype and type of housing/management effect. However some research results comparing
different genotypes of fast growing broilers reared urmd@nmercial conditions (e.g. Ross 208 and
Cobb) suggest that genotype can also influence the prevalence of contact dermatitis (Allain et al.,
2009, Sanotra et al., 2003). Furthermoran Middelkoop et al. (2002) showed experimentally that

hock and footpadburns were less severe in slow growing than in fast growing broilers. In this case
slow and fast growing broilers were reared in similar conditions except that slow growing broilers
were slaughtered 14 days later compared with the fast growing broilstsdyby Kjaer et al. (2006)
showed a heritability of 0.31 for footpad dermatitis and a low genetic correlation with body weight (
0.08) which suggests that selection against susceptibility to footpad dermatitis should be possible
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without adverse effectroweight. This conclusion is reinforced by similar analysis of different lines
of broilers. Recently a heritability estimate of 0.34 for fpatl dermatitis and 0.17 for hock burn was
reported by Akbas et al. (2009). In another recent study performed lenbnedlers from multiple
commercial broiler pure lines it was shown that the probability of havingpetdermatitis and hock

burn differed significantly among the 10 commercial broiler pure lines tested (male and female lines),
and both foopad dermatis and hock burn were heritable in the 2 lines tested (heritability of 0.21for
foot-pad dermatitis and 0.08 for hock burn: mean of 0.10 in both lines) (Ask, 2010). In this study, the
genetic correlation with body weight wa3.51 in one line but low andon significant in the other
(0.08). For foofpad dermatitis it was significant in one line (0.14) but not for the other (0.16) for
hock burn. The genetic correlation between foad dermatitis and hock burn wa&07 and 0.29
according to the line but was not significant for both cases. These results show that there is genetic
variation between lines and confirm that selection againstpadtdermatitis and hock burn is
possible. According to Ask (2010) selection can be done against botpafdatematitis and hock

burn, and it should not have a negative influence on the genetic improvement in body weight.

Prevalence of contact dermatitiaried withscoring system and the results also differed according to
age of the birds at the time of assessmemtcomparisons between studies are difficult. In surveys
performed in Denmark (23 flocks assessed in 1999) and Sweden (15 and 16 flocks according to the
strains assessed in 2002) the prevalence offadtdermatitis in conventional broiler production was
estimated to have a prevalence varying from 21.6 to 48.5 % according to the genotype (Cobb, Ross
208) and the country (Sanotra et al., 2003). In this paper there is no explanation of the scoring system
used. In the UK, a prevalence of 2.8 % for footpamtes@ (> 5 mm lesion on pad) and 1.5 % for hock

burn score 2 (> 10% hock lesion) was found by Dawkins et al. (2004). In Italy, on 24 flocks of light,
medium and heavy broilers, 16 out of the 24 flocks showed severgddotiermatitis but the
percentage oéffected birds varied considerably froni B0% (Melluzzi et al., 2008a). Twenty two

flocks out of the 24 showed the presence of hock burn but again a high variability in the percentage of
affected birds: 4 87 %. Similar variability was observed in Fcanon high growth rate chickens.
Fifteen flocks out of 17 had severe fguatd dermatitis but the percentage of affected bird was highly
variable: 2- 76 % (Arnould and Colin, 2009). The percentage of broilers with hock burn was lower
with 8 flocks out of ¥ with severe hock burn but with a considerable variability between flocks: the
percentage of affected birds varied from 1 to 27%. In another study in France the prevalence of severe
food-pad dermatitis, hock burn and breast burn (55 to 52 flocks accduliting lesions) was 70.8,

17.1 and 15.8 % respectively (Allain et al., 2009). A study performed in Portugal on broilers from the
same strains reared in extensive indoor or traditional-riege system showed that footpad
dermatitis was common (79.2 %arextensive indoor system using a scoring system of only 2 scores)
with a higher incidence in the older birds: 94.3% at1l00 days old and 71.9% at-80 days old
(Gouveia et al., 2009). In a study performed in 2007 during the Welfare Quality project6® on
flocks reared in intensive production system in France, UK and The Netherlands the mean percentage
of birds with severe footpad dermatitis (score 4 on scores that ranged from 1 to 4) and hock burn
(score 2 on scores ranged from 0 to 2) varied from 88.980.1% and 5.2 to 14.0%, respectively
according to the countnBg@sslerA et al.,personal communicatigrontacted by WG member, 2009

In a similar study performed in The Netherlands, Italy and UK on broilers reared in intensive and less
intensive prduction systems (RSPCA2008 the mean percentage of birds with a footpad dermatitis
score >2 and hock burn score >2 (scores ranged from 0 to 4) varied from 4.8 to 52.8 % and 0 to 10.0
% respectively according to the country (Welfare Quality deliverabBg,42009). The mean
percentage of birds with breast burn varied from 0.04 to 1.8Ké. prevalence of dermatitis on
chicken carcasses has also been estimated at the point of €deoby and Reefmann (2008)ho
found that of 3 8gkrutiised i Brigsh fupermarkei82% leadh detectable hock

burn.

Contact Dermatitis is an important welfare problem.

The aetiology of contact dermatitis is mtflictorial involving environmental conditions such as wet
litter and genetic predisposition.
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Thereis a need to recommend development of a standard classification system across Europe.

Contact dermatitis has a moderate degree of heritalidliy genetic selection against contact
dermatitis should be implemented to reduce this major welfare problem.

Theimpact of contact dermatitis cafsobe reduced by good litter management.

3.5. Ascites, pericarditis, sudden death syndrome and spiking mortality syndrome

Ascites and Sudden Death Syndrome (SDS) are two important lethal diseases of broilers that are both
metabolic in origin. Ascites is a result of dilatation and hypertrophy of the right side of the heart
which leads to cardiac failure and changes in liver function causing accumulation of ascitic fluid in
the abdominal cavity (Riddell, 1991; Julian, 2005).SSffects mainly fast growing male birds. It is
generally assumed that the central problem for both is a lack of oxygen for the myocardium caused
either by shortage of supply (e.g. respiratory failure) or by too high a demand for oxygen (SCAHAW,
2000). Spking mortality syndrome usually occurs within the first two weeks of rearing (Brown,
1991). This syndrome corresponds to a hypoglycaemia and a deficit of pancreatic glucagon and can
lead to elevated mortality with neurological signs (Burns et al., 200@s[@ad Vasilato&'ounken,

1995). The aetiology of this syndrome is quite obscure and a controlled lighting programme as well as
a specific diet (glucose & vitamins) can decrease the problem (Davis et al., 1996).

Ascites was originally considered as a hadfitude disease caused by the low oxygen pressure (Cueva

et al., 1974). This disease has become prominent in many low and moderate altitude countries since
the early 1980s (Julian, 2005). As the broilers grew faster, ascites was increasingly seen at low
altitude particularly when reared in houses in which ambient temperature was down at 14 to 18 C

(Albert and Frankenhuis, 1990). In healthy flocks of broilers, SDS is the most frequent cause of death

(Julian, 2005). Maxwell and Robertson (1997; 1998) cateduthat 4.7 % of broilers on a world

basis were affected and that 25 % of the overall broiler loss in the UK was due to ascites.

Genetic, nutrition and environmental conditions such as air quality or light conditions can influence
the incidence of asciteand SDS (Hernandes et al., 2082; Smit et al., 2005Baghbanzadeh and
Decuypere, 2008, Ghazani et al., 2008, Balog 2003). Fast growth rates increase the risk of these two
diseases by increased oxygen demand which puts pressure on thegubndinary gstem (Greef et

al., 2001; Druyan et al., 2007). As growth rate and oxygen demand coincide with other physiological
challenges, this may lead to cardiac failure. The study of Gonzales et al. (1998) shows clearly the
relationship between high productivitpéhigh incidence of SDS and ascites syndrome and indicated
that slow growing male broilers (Label Rouge, naked neck) are resistant to these metabolic
disturbances unlike the males in the other strains tested under the study conditions (Arbor Acres,
Avian Farms, Cobkb00, HubbarePeterson, ISA and Ross). Hernandes et al. (2002) showed
significant differences in mortality due to ascites between Hubbard broilers and naked neck broilers
raised in thermoneutral (4 % vs 0 % mortality) and cold conditions (44 O@x).

Van Middelkoop et al. (2002) also reported a higher percentage of mortality caused by ascites in fast
growing broilers (slaughtered at 42 days of age) than in low growing broilers (slaughtered at 56 days
of age)

Cahaner (2007) pointed out that mgement approaches were used to control the disease since the
1990s by increasing ambient temperatures and reducing intake of dietary energy but these also
increased production costs. Simultaneously research was conducted to control or reduce ascites
through genetic approaches and several studies showed that susceptibility to ascites had a hereditary
background. Moreover, it was possible by appropriate selection (Druyan et al., 2007a) to develop a
resistant line and to show that early growth rate had a lesvygenetic correlation with ascites
(Druyan et al., 2008). Several studies were then made to select for resistant and susceptible lines for
ascites Druyan et al., 2005Pavlidis et al., 20Q7Druyan et al., 200, but without compromising
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broiler perfemance (Balog et al., 2003; Druyanet al., 2008). It appears that there are only a few genes
responsible for ascites susceptibilirgyan and Cahaner, 2003ruyan et al., 20d). The relatively

high heritability estimates for asciteslated traits andhe significance of maternal genetic effects for
most of the traits indicate that direct and maternal genetic effects play an important role in the
development of the ascites syndrome (Baghbanzadeh and Decuypere, 2008). The impact of rearing
temperature diter cold (10 C by 22 days of age) or normal{B7C by 35 days of age) on the genetic
parameters of several ascietated traits (haematocrit, accumulation of fluid in the pericardial sac or

in the abdomen, weight of the right ventricle as a ratio eftdial weight of right and left ventricles)

and of body weight (BW) have been estimated (Pakdel et al., 2005a). They concluded th#tagingle
selection for BW at normal temperature is likely to increase susceptibility to ascites syndrome
revealed at dd temperature, but that there are also realistic opportunities for-tnauttselection for
improved BW and resistance to ascites (Pakdel et al., 2005b).

The ratio of right to total ventricular weight measured under normal temperature was suggested as a
good indicator for resistance to ascites (Pakdel et al., 2005c). It was also shown that it was possible to
use nonAnvasive indicators such as oxygen saturation of haemoglobin to predict chickens with an
inherited resistance to ascites (Druyan et al.,7BPOGreff et al (2001) showed that parameters
correlated with ascites were different if animals between lines (blood gas traits) and within lines
(performances traits) were compared.

In a study conducted to evaluate the genetic association betweenighogemivth rate (GR) of
broilers and their responses to hemtuced growth depression and cadduced ascites syndrome

(Deeb and Cahane2002), a significant positive correlation was found between potential GR and
prevalence of ascites (r = 0.479) whexposed to cold, indicating that families with higher potential

GR under normal conditions are more likely to suffer from ascites under cold stress compared with
families with lower GR. Heat stress markedly reduced weight gain in all families. However, the
genetic potential GR was negatively correlated with actual GR under heat stres®.41 5. A
negative correlation was found between growth under heat stress and prevalence of ascites during
cold stress (r =0.439), indicating that families whose GRnmre depressed under heat stress are
more likely to suffer from ascites under cold stress. These results suggest that the 2 stress responses
may share similar control of the genetic variation in each trait and their negative genetic correlation
with poteriial GR.

Hassanzadeh et al. (2004) showed that different atmospheric pressures during incubation interact with
the endocrine functions of the embryo and hence affect hatching parameters, thereby influencing
ascites susceptibility (see De Sit et al., 2088ssanzadeh et al., 2008

Genetic factors such as sire and dam lines, hybrids and sex have an impact on SDS which is higher in
males than in females and in the parental lines than in the hybrids (Grashorn, 1994). Genetic
parameters were estimated in mge chickens using two breeds (Cornish and White Rock) selected

for body weight (Moghadam et al., 2005). Results showed a heritability of SDS of 0.30 and 0.25 in
the Cornish and White Rock breeds, respectively, and a positive genetic correlation itéih afsc

0.3. Heritability of SDS calculated using male records only was 0.45 and 0.35, and the correlation
with body weight was 0.30 and 0.27, in the Cornish and White Rock breeds, respectively. Mortality
from SDS can be decreased by lowering energy infakanging feed texture or density) or by
management procedures such as feed restriction or long dark periods (Julian, 2005). Low light
intensity and low disturbances of flocks are also effective.

The prevalence of ascites has decreased over the pastirs@geording to industry data who indicate
that they integrate this health problem in the selection scheme.

A genetic predisposition exists for both ascites and Sudden Death Syndrome.

Low energy intake can decrease Sudden Death Syndrecagise of slowagrowth rate.
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Selection against these conditions, particularly in fast growing lines, should continue and the
prevalenceneeds to be monitored to ensure it remains at a low level.

There is a link between growth rate and ascites and probably also Suddesipeaome.

Slow growing genotypes are more resistant to ascites.

3.6. Respiratory and mucous membrane diseases

Infectious bronchitis, avian pneumovirus infection and chronic respiratory disease (mycoplasmaosis)
are currently the main infectious respiratoryedises affecting the welfare of broilers and their
incidence varies between EU member states. Some respiratory disease may contribute to the
appearance of ascites (Tottori et al., 1997). Furthermore, respiratory disease is not always a result of
infectionand can be due e.g. high ammonia levels.

Respiratory tract infection and associated septicaemia diEsdierichia coliin broiler chickens

cause major economic losses. The infection is usually secondary to viral or mycoplasmal infections or
environmentaktresses and most frequently involves avian pathodenioli (APEC) of serogroups

01, 02 and O78 (Gomis et al., 2001). Disease occurs most commonly as air sacculitis but may
involve septicaemia with pericarditis, perihepatitis, synovitis and osteoimy@itoss, 1994Barnes

and Gross, 1997). Mortality is usually about 5 % and morbidity around 50 %, but mortality can reach
20 %, especially under poor management conditions and in the presence of concurrent infections
(Wray et al., 1996; Dhdloulin and Fabrother, 1999). Disease prevention using antibacterial agents

is expensive and not always desirable and effective due to the rapid development of antibiotic
resistance. Developing vaccines to protect chickens and vaccinating broiler breeders hasducceed
providing passive protection of progeny chicks against respiratory septicaemic disease caused by
APEC (Kariyawasam et al., 2004).

Exposure to ammonia, dust and other aerial pollutants has been shown to cause changes in the
pulmonary ultrastructureush as the loss of cilia from the epithelium lining the lumen of the trachea,
probably reducing the effectiveness of the mechanical defence mechanism of the respiratory system
(Kristensen and Wathes, 2000). Kristensen and Wathes (2000) concluded theg edlviewed
evidence suggests that exposure to ammonia concentrations -80 §fpm may cause
keratoconjunctivitis that may cause pain in the birds and also difficulties in finding food and water.
The authors draw the hypothesis that impaired visionmayals nf | uence a birddés al
recognize conspecifics and intent, as well as affecting mate choice in breeder flocks, thus affecting
aggression and possibly causing distress. Concentrations of 25 ppm ammonia has been shown to have
deleterious #ects on the respiratory tract in poultry (Anderson et 66 Anderson et al., 1968,

Moum et al., 1969), including the loss of tracheal cilia and histopathological chartpesttacheal
epithelium (Nagaraja et al., 1983, Nagaraja et al., 1984).rétiisced effectiveness of the mechanical
defence mechanism of the respiratory system may increase the frequency of respiratory diseases. In
birds, a higher incidence of lung damage was found in broilers raised on litter compared with a netting
floor system(Madelin and Wathes 1989). Carpenter et al. (1986) demonstrated that reducing the dust
concentration in broiler houses reduced the severity of structural and lymphocytic reaction in the lung
tissue of the birds.

The possibility for developing a standasdis system for monitoring respiratory and mucous
membrane diseases at the slaughterhouse should be investigated.

The lung damage and respiratory disease problem could be exacerbated by high ammonia and dust
levels.
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3.7. Thermal discomfort

Thermal discomfort cabe assessed by observing broiler behaviour. Broilers (mainly chicks) huddle

to conserve heat, especially before they are able to effect homeothermy. At the other extreme,
increased respiration (panting) is related to discomfort due to high temperatypesti{@rmia).
Reducing hyperthermia can be achieved by increasing heat dissipation and decreasing heat
production. In high growth rate broilers under hot conditions, especially in hot climates, feather
coverage hinders the dissipation of excessive intéweatl. It is why reduced plumage coverage could

help broilers to be more comfortable. It has been shown that broilers with reduced feather coverage
inheriting the (nakedheck gene) reared at 85compared to 26 are able to minimize their elevation

of body temperature compared with their fully feathered counterparts (commercial broilers) but
tolerance to heat stress was limit€@hfaner et al, 2008When environmental temperature is the
same as the body temperature of birds,-exeporative heat loss failand heat can only be lost
through increased respiration (Ahmad and Sarwar, 2006). Hyperthermia is the main thermal
discomfort encountered during broiler production and according to Ahmad and Sarwar (2006) modern
fastgrowing broiler chickens face diffities in coping with heat stress. The risk of thermal
discomfort increases with age as declining space diminishes the opportunity for heat dissipation and is
exacerbated at high stocking densities especially in warmer climates. High stocking densities favo
radiant transfer from bird to bird and heat in the floor litter is less easily dissipated. It has been shown
that the temperatures beneath the surface, at the surface, or 10 cm above litter surface increased
significantly with increasing stocking densifrom 6 to 8 C at 19 to 40 kg/m?) and the temperature at

bird level is reduced immediately if birds are removed (Reiter and Bessei, 2000). In a study where
Ross 308 broilers were allocated to three terminal (42 days) stocking densities (28, 34 an@)4® kg/
reduced proportion of time spent panting deeply during weeks five and six was observed at the lowest
density (McLean et al., 2002). Increased (shallow and deep) panting shown by females in weeks two
to five suggests that if thermal discomfort becormgzoblem at high stocking densities later in the
growing period, it may do so earlier in females, despite the lower feed intake and body weights of
females compared with males of the same age. This may be due to differences in insulation because of
the faster feathering and greater body lipid content of females.

The risk of heat stress increases as birds get bigger, are better insulated and eat more food (and so
generate more heat) which, together with the declining space all contributes to pooressiysstiah.
Metabolic heat production has been estimated to BE5Matts for a bird of 2kg, which means that in

a 30,006bird house the heat production is estimated to be equivalent t45860nekilowatt heaters

(Mitchell and Kettlewell, 1998

The efiects of heat are exacerbated by a rise in atmospheric relative humidity which increases the
apparent equivalent temperature (AET). AET is the true index of thermal load and physiological
stress effects are moderate for AET between 40 to 60 C, but are aedepotentially lethal for AETs
above 65 CNlitchell and Kettlewell, 1998 It is necessary to control ventilation especially during
summer and in hot climates to avoid mortality.

Several management techniques such as improving insulation, provitkagade ventilation, and
reducing bird density have been developed to decrease heat stress and will have the effect of
improving welfare by making the birds feel more comfortable. Dietary modifications have also been
recommended to minimize the negativdeefs of heat stress (see Ahmad and Sarwar, 2006, for
review).

In a study comparing the effects of an environmental temperature of 21, 32, or 38 C in an Athens
Canadian Random Bred (ACRB) population with commercial broilers (BR), it has been shown that
resistance to heat stress varies according to genotype (Berrong et al., 1998). The decreased body
weight gain of the BR in response to heat stress was much more severe than that of the ACRB. The
body temperature of the BR (41.9 C) was significantly highen that of the ACRB (41.5 C). The

BR showed an increase in mortality in both the 38 and 32 C environments, but the mortality for the
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ACRB was unaffected by environmental temperature. In the stu#ihah et al. (198)dwarf egg

layer, dwarf broiler and itaormal bodied sib hens were studied under heat stress of 21.1 to 45.5 C.
Mortality was less in the dwarf egg layer compared with the dwarf broiler, but normal bodied hens
showed more mortality than dwarfs. These authors concluded that the dwarf geneesnhan
viability of hens under heat stress. The results from Sandercock et. al. (2006) show that genetic
selection for high muscle growth in broiler lines has compromised their thermoregulatory capacity.
These authors compared male grandparent linesodéband layeitype chickens at the same age or
body weight. There were major differences in thermoregulatory and respiratory responses to heat
stress in these lines selected for either greater reproductive or meat traits. Exposure to acute heat
stress (2C / 75% RH compared to Z1/ 50 % RH) caused an increase in deep body temperature and
pantinginduced aciebase disturbances (blood p&decreased and pH increased).

Al-Murrani et al. (1997) examined Heterophil/Lymphocyte ratio (H/L) as criterion tectsen for

resistance to heat stress in laying hens. H/L ratio was highly heritable. Resistant and Sensitive groups
produced progeny with significantly different H/L ratios and there were indications of differences in
mortality between the progeny of tleetvo groups. These results show that H/L indicator could be

used as a criterion to select for heat stress resistance. Selection for H/L ratio ibredokens is

positively correlated with several important production and reproduction traits (suchgas eg
production, fertility, hatchability and mortali!t
(Al-Murrani et al., 2006).

Modern fast growing broilers are susceptible to heat stress.
There are management techniques available to reduce fesstah farm.

The recommended ambient temperature for fast growing broilers shouleebaluated as it may be
too high considering current growth rates and expected future growth rates.

The optimal growth rate of the genetic lines should be evaluathdticlimates and slow growing
lines selected for these climates.

3.8. Behavioural restriction

Restriction of behavioural expression is partly due to a lack of space available for each bird. This lack

of space depends on stocking density and is most likely ¢arda the last week of life. Other
environmental factors such as barren environment, very low light intensity level and poor litter quality

may also contribute to |l ow | evels of activity a
greatest thrat to broiler welfare appears to be reduced locomotion and reduced litter directed
activities (e.g. scratching) leading to leg weakness, poor litter quality and contact dermatitis. The
study of Dawkins et al. (2004) suggested that management is moreantgben stocking density for

leg deviations, leg culls, and contact dermatitis, at least in a range df480kg /m?, but no
observations were made on bird behaviour except for jostle rate which increased with stocking
density.

Some results suggest thaoilers may spontaneously limit their physical efforts at the end of the
rearing period even if space is available (Arnould and Faure, 2004). This is in agreement with a study
comparing the same strain in fremnge and deep litter systems where there liitées use of extra

space outdoors (Weeks et al., 1994). Several studies have shown differences in behaviour between
lines. A comparison between an experimental low growth rate broiler (experimental cross) and a fast
growth rate broiler (Ross) reared wéhcess to an outdoor area showed that the fast growth rate had a
low usage of the outdoor area due to impaired mobility (Nielsen et al., 2003). Comparisons between a
commercial laying hybrid (Isabrown, IB) and a fast growth rate broiler (Ross 308, w¢dhioat IB

spent more time moving and less time resting than R in the second part of the rearing period
(Lichovnikova et al., 2009). Similarly, as soon as they reached 2 or 3 weeks of age, fast growth rate
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chicks (IJC915) have been shown to spend less standing and more time lying down than low
growth rate chicks (T551) (Bizeray et al., 2000). In this study, differences between low growth and
fast growth rate broilers were observed very early, e.g. during the first 3 days of life they showed
differences in duration of walking per standing bout (19+4 sec and 45+4 sec, respectively), even if
they spent the same time standing (Bizeray et al., 2000). Several breed types (fast growing, medium to
fast growing, slow growing and very slow growing) were charasd for behaviour (EFRA
research report, OF0153, 2002, call for data). It showed that lying down was the main behaviour for
the fastgrowing breeds (Ross birds) and also in the fast to medium growing breeds. Master Gris birds
and the slow growing bredgipe were moderately active and only the very slow growing bngezs

were classified as being active. Time spent feeding did not differ between breeds but time spent
ground pecking was different with the active very slow growing breeds spending ariawgeipn of

time ground pecking. Experimental studies performed on slow and fast growing biddkkeis and

Koene, 200% and on fast growing broilers divided into heavy and light broilers compared with what
they would normally weigh in commercial cotidn (Bokkers et al., 20Q7suggest that motivation is

the dominant determinative factor for walking in birds with a low body weight, while physical ability

is the dominant determinative factor for walking in birds with a high body weight. According to
Bokkers et al. (2007), the high body weight of broilers can be considered as a physical constraint to be
active.

Selection has had an impact on behaviour leading to reduced mobility and utilisation of space.

It is not clear whether the birds show reduced ifitgplbecause of a lack of motivation or because of
an inability to do so. However, some studies suggest that these two aspects coexist.

Slow growing birds do not show reduced mobility to the same extent than fast growing birds.

Management of birds will ab affect mobility such as light, barren environments and stocking
density.

Selecting to decrease growth rate and for increased motivation to walk would lead to more active
birds.

3.9. Environmental factors linked to welfare

A number of environmental factorsedlinked to welfare problems and have an impact on many of the
welfare problems cited above together with others such as hyperthermia,-da@atactivitis,
tracheitis, cold and heat stress, functional development of the eyes, discomfort with fludrglstent
scabby hip syndrome, disturbance of resting, fear and its deleterious effects, injuries such as bruising
and fractures, and the level of distress. Scabby hip syndrome might not be a problem at the present
time but data are missing. These environtakfactors include: air quality (humidity, ammonia, and
dust), litter quality (substrate used, depth, water equipment, ventilation, feed composition),
temperature, light (photoperiod, intensity, source and wavelength), stocking density, stockmanship
(contact with human, quality of contact), environmental enrichment (perches or other objects, music),
and broiler catching (manual, mechanical/automatic). Many of these management factors are covered
in the manuals produced by the industry.

Environmental facta can reduce and increase bird welfare and so should be managed carefully.

3.10.  Nutrition and feed management, water

Overt nutrient deficiency is rare. Nutritional management (qualitative and quantitative food
restriction, feed in meals rather thad libitum) can have an impact on metabolic disorders such as
leg or cardiepulmonary disorders.
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Nipple drinkers have advantages over bell drinkers in that they improve water hygiene (e.g. by
reducing bacterial load), reduce evaporation and spillage. However thésnsggy constrain an
individual s6 water intake (and hence food intak
twice as long with nipples as with bell drinkers). It is important that good management systems are in
place for water so that wettkr does not occur.

Dietary deficiencies and contamination are rare but when they do occur they can have a major welfare
effect for many birds.

It is important that the watering system is managed in a way that reduces the risk of wet litter and
water contanination.

3.11. Digestive function

During the last decade, successive events including the ban of meat and bone meal and fat from
animal origin, the ban of #eed antibiotics, and the limitation othe number of available
coccidiostats have promoted a phasedigéstive instability in broiler rearing (Balloy, 2003). There is

a recrudescence of dymcteriosis in broilers, implying an increase in the episodes of diarrhoea and
wet litter (Hermans et al., 2006) both of which can affect adversely broiler welfatelitiee
increases the risk of contact dermatitis, and ammonia on the respiratory tract). This involves an
additional cost for the farmer due to the increasing mortality risk, reduced feed conversion ratio and
the use of therapeutic antibiotidsvrain etal. 2003studied the isolation and antimicrobial résistance

and Campylobacter jejunandC. coli strains from broilers arriving at French slaughterhouses in the
first six months of 1999 (before prohibition of antimicrobial growth promoter in France).tResul
were analysed according to production types (e.g. standard, export and free range) and antimicrobial
administration in flocks. The prevalence@mpylobactewas 56.6 % in standard, 51.3 % in export

and 80 % in fregange broilers. Statistical analysisvealed significant difference in distribution of
Campylobacter jejunand Campylobacter coland antimicrobial resistance according to production
type or antimicrobial administration. Antimicrobial use is uneven between productions, with, for
example, o growth promoter and less antimicrobial treatments used in free range and less
coccidiostats in standard systems of production.

Ask et al. (2006¥ound aneffect of genotype on mortality, lesion prevalence, and growth retardation,
indicating the presenaaf genetic variation in susceptibility of broilers to colibacillosis. There were
large betweeigenotype differences in mortality (up to 46 %) and in lesion prevalence (up to 41 %).
These preliminary results suggest that an impact of genetics on theofeweisceptibility to
colibacillosis may exist, but further analyses are needed to estimate to what extent it could be
improved by genetic selection.

In a study performed in 2007 during the Welfare Quality project® on 60 flocks reared in intensive
production system in France, UK and The Netherlands the mean percentage of birds affected by
diarrhoea within a flock varied from 0.0 to 21.75 % according to the country (Basstéral.,
personal communicatigrcontacted by WG member, 2009n a similar study p#ormed in The
Netherlands (n=18) and ltaly (n=18), the average percentage of birds with diarrhoea within a flock
varied from 0.04 to 7.5 according to the country (Welfare Quality deliverable 4.34, 2009).

In growing chicks, genetic differences can haverdiluence on the digestibility of certain meals as
shown by the development of divergent lines (Carré et al., 2006). Despite a genetic selection for high
feed efficiency, modern broilers may not show optimal digestibility in certain cases. This could
induce a negative effect on litter quality that may also affect body condition and animal welfare.
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4, Indicators used in practice

In the past decade there has been a change in thinking about indicators. For example, there is now a
di stinction madedbéoweteomeéd npundidcat or s, somewha
bet ween 6édesigndéd and O6performanced6 criteria in
Passille, 1992; Blokhuis et al., 2003). A distinction is also made according to what treandsc

based upon, that is to say whether it is a measure of resources, management or taken on the animals
themselves (Keeling and Veissier, 2005). Several measures and indicators relevant to welfare of
broilers have been referred to previously in thigoré This section gives a brief review of some of

the terminology regarding indicators and an introduction to some of the issues that will need to be
considered when proposing welfare indicators for commercial broilers. .

There are several assurance anditing schemes in place for broilers and some of these voluntary
schemes are used for labelling of chicken meat based on compliance with animal welfare standards or
other parameters. However, these are not harmonised between Member States and ttlere is lit
consistency in the thresholds for the different indicators that are monitored.

Traditionally, indicators used in practice have been indirect indicators of welfare, describing the
housing and equipment (e.g. a loose housing system with a specifiedtahteed trough space per

bird) or the management of the birds (e.g. how many times per day they are inspected). Hence they are
often referred to as resourbased and managemdnia s ed measur es. Both can b
measures and because they ba used to reduce the risk of poor bird welfare in the future, they are

the type of indicator usually used in animal welfare legislation. But sometimes factors interact in
compl ex ways and, in that <case, 0 0 it (mg. o me as u
specify a maximum allowed level of ammonia in a building). Outcome measures can also be measured

on the animals themselves (farm or at the abattoir) and it is these anib@ated (outcome)

indicators of animal welfare that are the maious of this section of the report. Ideally, inputs should

always relate to outcome measures, but some inputs may be there for emergencies -e. back
generators. Other inputs such as access to an outdoor area or perches could be important but cannot be
related to outcome measures if birds do not use the outdoor area or the perches. Oegaingtien

of the link between inputs and outcomes is recommended to ensure that they continue to be relevant
and valid for welfare.

The systematic recording of @atme measures can help in determining trends over time. If the aim is

to monitor the consequences of breeding strategies on welfare then it is important that there is reliable
surveillance of those animbhsed indicators that reflect the areas of weltarecern influenced by
genetic selection. When there is a genetic environment interaction, as is usually the case, then it will
be necessary that these animal based (outcome) measures are monitored in commercial practice. The
crucial factors when decidingnhaan indicator are that it is valid (it really says something about the
welfare of the bird) and that it can be measured reliably (by different people and under different
conditions). If it is going to be applied in practice, it is also necessarily fan¢lasure to be feasible.

See Keeling (2009) for information on how these factors were addressed in the Welfare Quality
project. See Manning et al. (2007) for a further discussion of key welfare indicators for broiler
production and in particular how bencairking can be used proactively in management.

The potential use of records of mortality, dead on arrival at the slaughterhouse andtthertem
inspection controls carried out at the slaughterhouse, such as contact dermatitis, parasitism and
systemic ilness are outlined in the broiler directive (Council Directive, 2007/43/EC). The EU funded
research project Welfare Quality proposed an assessment protocol for broilers on farm, during
transport and at slaughter (Welfare Quality, 2009) that uses as mugbssible, animabased
measures that had been scientifically evaluated with regard to validity, reliability and feasibility
(Forkman and Keeling, 2009). The World Organisation for Animal Health (OIE) is currently
developing standards and hasahhocGroup on Animal Welfare and Broiler Chicken Production
Systems that is also developing a list of outcome based measures that could be useful indicators of
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broiler welfare. Although sometimes expressed differently, the following is a list of most of the
animalbased indicators of welfare referred to in those three documents, as well as some additional
indicators, that could be collected on farm, at the slaughterhouse or both

e OnFarm:

mortality, feed conversion rate, growth rate, feed and water consumption

parting and wing spreading, huddling, shivering,

lameness and gait scoring,

spatial distribution of the birds, fearfulness (human avoidance behaviour, responses to novel
object), dust bathing behaviour, qualitative behavioural assessment.

e At slaughterhouse

dead on arrival,

pre-stun shock and flapping on the slaughterhouse line,

clinical signs of disease e.g. ascites, emaciation, dehydration, hepatitis, pericarditis,
abscesses, septicaemia,

wing damage and bruising, broken limbs, dislocation of hip arer goints, carcass quality

e Farm and slaughterhouse

contact dermatitis (footpad dermatitis, hock burns, breast blisters or burns), plumage
condition and cleanliness, skin lesions and injuries, condition of the eyes
clinical signs of parasitic, gut andspiratory disease, leg deformities

Several of these, and the scientific studies underlying them, have also been referred to earlier in this
report under the various sections.

In addition to the choice of measure, when a particular measure is takémfludhce the result and
consideration may be given to taking it at the most critical point in time, in accordance with the
approach used in HACCP. How exactly the measure is taken will also influence the results, and
whether it is based on a sample ofisior not. If the measure is based on a sample of birds, how these
are selected is important and will need to be standardized if results are to be comparable. Some of
these issues can be demonstrated by taking three indicators namely mortality, gait awdriood

pad scoring, as examples.

Mortality can be recorded in many different ways. From a management point of view, and to help
identify causes so mortality can be reduced, it may be most useful to record it separately for the
different stages in theibr d6s | i fe e. g. to distinguish betwee
hatching, during the main efarm production period and that occurring during transport to the
slaughterhouse. Likewise, even if the aim is to monitor and reduce overall mgpttedinumber of

birds found dead should be considered separately from the number culled, since culling of sick birds

is desirable to reduce suffering. Recording the causes of culling allows to identify the problem
encountered and then could help reducetatity. Thus mortality is not a straightforward indicator to

use in practice, although it can be useful for monitoring trends if the exact way to record it is carefully
defined. The measure O6dead on arrival tat st t he
increasingly being used in commercial practice to monitor the transport of broilers.

Another example of an animbhsed outcome indicator of animal welfare is that of gait scoring. The
Bristol Gait Scoring System (BGSS) has six categories rariging O (normal) to 5 (bird incapable

of sustained walking)Kestin et al. 199 There is a modified version of this system (MGS&rfer

et al., 2002 as well as a three category system (Dawkins et al. 2004). All have been used in
commercial flocks. Asidcussed in section 6.2, a poor gait may have many potential causes and minor
deviations from a perfect gait may not necessarily reflect pain. Therefore, if gait scoring is to be
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implemented in practice, it would probably be most effective to restriccabeng to the worse gait
scores e.g. 3, 4 and 5 according to the BGSS/MGSS, which are unlikely to be attributable to the body
morphology of modern broilers (Corr et al., 2003). Gait scoring is also a measure that is clearly
sensitive to when the measusecarried out (older/heavier birds are more likely to have a poorer gait
than younger/lighter ones) and how the sample of birds is chosen.

Finally, if an indicator is to be implemented in practice, then the long term consequences of
implementing the measarshould be taken into consideration. The complexity of this is perhaps
illustrated using the example of footpad dermatitis. In the short term, incentives to reduce contact
dermatitis are likely to lead to improved litter management, which in turn wdl teamproved air

quality through lower levels of ammonia etc. However, there is some evidence that this trait is
heritable (Kjaer et al. 2006; Akbat al 2009). Genetic selection against footpad dermatitis would
contribute to reducing any pain and sufig for a particular bird experiencing contact dermatitis,
which is beneficial, but it would also eventually lead to it being a less useful outcome based measure
of litter management in the building. Such aspects would need to be carefully considered and
evaluated over time to maximise welfare benefits. It also underlines that several indicators should be
used to assess welfare to obtain an overall assessment.

5. Genetic selection of broilers

Breeding programmes are organised to supply commercial flodksdairold broiler chicks in a
multiplication pyramid illustrated in Appendix A. The figure (Figure 8) indicates the importance of
birds in the pedigree nucleus but in practice many more birds contribute to the top of the pyramid than
are shown in the diagm (Figure 1). The box in bold at the top of the Figure 1 corresponds to the
pedigree selection level and is followed by the multiplication (crossing) phase that consists of a
number of generations (left). The number of broilers that result from thiegwddowest level)
illustrates the power of the multiplication process to generate very large numbers of broilers from
relatively few Greagrandparents. The time required for (usually small, incremental) genetic changes
at the pedigree level to appeardommercial flocks is indicated on the right hand side of Figure 1.
This structure of breeding programmes is made possible by the high rate of reproduction in broiler
chickens and enables breeders to spread the huge costs of biosecurity, trait recordaigcsiod

over a very large number of commercial broilers. The breeding pyramid facilitates crossbreeding
genetically distinct lines to capitalise on hybrid vigour (also called heterosis) for health and
reproduction traits and the combination of different ai t s fr om fAmal ed and Afen

Table 1: Traits in current broiler selection programmes (Information provided by EFFAB EPB)

Areas for selection Major trait categories®

Health and welfare Immune response, skeletal inteégri heart and lung fitnesg
liveability/survival/low mortality, feathering, absence of breast lesion

Reproduction Hatchability, egg number, fertility, age at sexual maturity

Production Feed conversion, growth profile, meat quality, breast meat yigigjht,
lower fat content

! Trait categories may include multiple traits;

Heritabilities and genetic correlations among traits, and their potential role in breeding and selection
programmes are presented in Sections5%1

A large number of traits maye measured on selection candidates and their relatives. A list of traits
currently included in genetic selection programmes is presented in Table 1. In general, the way these
traits are included in genetic selection programmes constitutes commercralgiveeinformation

and is not divulged by breeding companies. Some information related to the heritability of the various
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traits along with the potential role of these traits in selection schemes is given in the following

sections.
The selection and multiplication pyramid
Generation Genetic change
Male lines Conservation Female lines -
selection lines
LE s Production Production LGl
Great grand A B C D Year 1
parents 14 x 109 108 x 1009 33 x302 253 x 2509
Grandparents A B C D Year 2
2508 | X| 25002 1,5008 [ X| 12,5009
Parents AB cD Year 3
62,5003 X 625,0000
Hybrid Years
broilers 872?{5]1110“ 4t05

Figure 1. Industry selection and multiplication pyramid for a commercial broiler line.

Figure 1 indicates the genetic significance of birds in the pedigree nucleus. In practice many more
birds contribute to the top of the pyramid than indicate@.hEne box in bold at the top of the figure
corresponds to the pedigree selection level and is followed by the multiplication (crossing) phase that
occur over a number of generations (left). The time required for genetic changes at the pedigree level
to appear in commercial flocks is indicated on the right; numbers in boxes refer to minimum numbers
of birds needed in each case to generate individuals of the next generation. The numbers of male and
female birds in each line and generation are based on theensi of male and female chicks from

male line, female line and parent broilers from commercial flocks reported by Hocking and
McCorquodaleZ 008) (from Hocking, D6Eath and Kjaer,

5.1. Production traits

The cost of feed is the major factor affectithgg economics of chicken meat production and feed
conversion efficiency is the major selection criterion among fit and healthy birds. Age is a major
factor affecting feed conversion as older heavier birds require more feed for maintenance compared
with younger lighter birds. In the early history of genetic selection in broilers, live body weight and
conformation of the breast muscle were simple and effective indirect measures of feed conversion
efficiency and carcass value that could be measured on largbens of birds. Subsequently keel

bone conformation was added as a selection criterion to decrease the prevalence of breast blisters.
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The importance of Food Conversion Rates (FCR), which refers to the amount of feed consumed to
increase body weight by orkg, led in the 1980s to the direct measurement of feed intake in selected
broilers housed for 2 weeks in individual cages. Recently this method was replaced in a large breeding
organisation by group housing combined with individual recording of feedeinf@kd behaviour)

using electronic bird identification and feed intake measurements. This change represents a move to
better welfare and more relevant selection (broiler chickens are not kept in cages).

Carcass composition has an important effect on tbeauic value of the bird, in a particular market,

one of the most important frequently being the relative proportion of breast meat. Selection for breast
conformation has been supplemented by information on the direct measurement of breast muscle mass
in sbs (brothers and sisters) of selection candidates. Abdominal fat is also weighed and used as an
indirect measure of carcass fatness. Finally ultrasonic measurements of body composition (breast
muscle depth and fatness) may also be used on the selectiidatas.

Broilers that pass the initial selection criteria are then measured for a number of additional traits.
These may include measures of bone quality (absence of tibial dyschondroplasisdybyn&thods

(e.g. the lixiscope) and cardiovascular e#iwty. Measures of robustness (health, welfare and
performance) and resistance to ascites may be measured in sibs kept in a poor environment and the
information considered in selection decisions by appropriate weighting in a selection index. These
aspects i@ further discussed in the following sections.

The genetic background of most broiler production traits has been extensively studied. Hereditary
differences for traditional production traits among individual birds have been found to account
proportionallyfor between 0.25 and 0.50 of performance differences, although for some current traits
this may be as low as 0.10 or as high as 0.60; this proportion has been scientifically termed
Aher it abi I Ilnpryctcal tefms a heritabibtyi of 0.30 meahst for a difference between
individuals of e.g. 100 g, 30 g is due to genetic factors.

In the past, production traits were the sole criteria in breeding and selection programmes. Over the
past 30 years, however, this has been changing with emphasisibeieasingly placed on other,
nonproduction traits. The relative selection pressure on production angraduction traits is not

widely known as it constitutes commercially sensitive information of the breeding companies.
However, selection theory sggsts that when selection applies to several traits at the same time,
response to selection per trait is less than if this trait was the only one selected for. For example,
assuming that selection programme A includes growth rate and disease resistasedectiwh
programme B includes only growth rate, response to selection (reflecting the difference between the
current and following generation) for growth rate in programme A will be slower that in programme
B. The extent of this difference will depend tre relative weighting of the two traits and their
genetic correlation in programme A.

5.2. Health, fithess and welfare traits

Birds must be functionally fit to reproduce: they must be able to walk, eat and drink, and be disease
free; therefore selection caddites with poor fithess are culled.

According to the poultry breeding sector (public consultation), health, fitness and welfare related
traits currently included in the major breeding programmes are: i) skeletal integrity (leg condition,
toes, keel stralgness, breast blisters, footpad lesions, hock burn, tibial dyschondroplasia, hip
condition, joint integrity), ii) heart/lung fitness, iii) robustness (selection in different environments
including e.g. different feed specifications; feather cover duragimg especially in slow feathering

lines; absence of diseases etc.), iv) behaviour (pecking behaviour in production) and v) miscellaneous
(egg sizelweight; liveability in production; number of poor quality chicks culled; male aggressiveness
in floor pedgree pens).
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According to the technical hearing, reducing FPD through family selection has been successful. The
value of feet for export purposes and the cost of downgrades from hock burns combined with welfare
benefits were the drivers to implement a siétecprogram to reduce FPD. Market driven economic
incentives/penalties could provide the incentives needed to motivate breeding companies as well as
farmers to reduce FPD.

Heritability of health and fitness traits varies widely from 0.05 to 0.25. Asaexgd in the previous
section, this represents the proportion of differences observed among individual birds that is due to
hereditary factors. The remaining proportion of the variability between individuals is mostly due to
environment but also to the wagenes from paternal and maternal lines combine and interact with
each other. The latter has important consequences for mating decisions.

Some of the health and welfare traits have an antagonistic genetic correlation with production,
meaning that genetieprovement for one trait (e.g. growth rate) usually compromises the other (e.qg.
lameness). In modern breeding programmes these antagonistic effects are dealt with by multiple trait
selection indices, as described below (Section 7.4). Other health andevigdits show no obvious

genetic correlations with health and welfare or there may be some delay before such correlations
become overt. So this presents a challenge that can be dealt with in a balanced breeding programme
with the use of appropriate seliet indices.

Recent advances in DNA technology have enabled research for the identification of specific genes

and DNA markers that are involved in disease resistance in birds. Pending on successful completion

of research, selection of DNA markers fordsea r esi st ance (e. g. Mar ek 6 s
conducted.

The study of Cheema et al. (2003) suggested that genetic selection for improved broiler performance
has resulted in a decrease in the adaptive arm of the immune response but an increasd4n the ce
mediated and inflammatory responses. Ongoing EU funded research projects (e.g.
http://www.quantomics.eu/) aim at improving the understanding of the genetic mechanisms of disease
resistance and enhancing the role of suchstiaigenetic selection and breeding.

5.3. Reproduction traits

The general aim is to produce broilers from broiler breeders (hens) that lay fertildhagustch to
produce healthy chicks. Minimum levels of fertility and hatchability are necessary to mémaiof

broilers and maximum hatch of eggs set (the product of fertility and hatchability) in commercial
flocks. Breeding programmes used to place virtually all selection emphasis on egg production and
hatchability in female lines and the minimum neces$armaintain male lines to provide adequate
scope for selection for production traits. However, today reproduction traits in both male and female
lines are important in modern breeding programmes (see below).

Heritability of reproduction traits is genelsamodest (< 0.15) meaning that the biggest proportion of
differences observed among birds is due to-menitable (mostly environmental) factors. Here, too,
genetic interactions between paternal and maternal genes contribute to these differences.

Despite the small heritability, genetic variance associated with reproduction traits may be
considerable. Genetic variance reflects the variability in genes carried by different individuals that
render some more reproductive than others. Thus, the presence 6€ gamance implies the
existence of individuals with a genetic propensity for better (or worse) reproduction. Existence of
genetic variance means that genetic selection is possible; low heritability suggests that genetic change
will be slow.

Genetic corlations between reproduction and production traits are antagonistic suggesting that
selection for production traits may adversely affect reproduction. As before, genetic correlation means
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that the same genes or genes located very close to each othenaeflboth reproduction and
production traits. These biological unfavourable relationships have led poultry breeders to specialize
the |ines into O6maled |ines which are more inte
meat yield or feed comvr si on) and O6femaled | ines in which re
weight in the selection procesBroiler breeders fe@d libitum have characteristically low rates of

lay, poor persistency and produce a large proportion of eggs with defeggvghells that cannot be

used for incubation (Renema and Robinson, 2004). For example, in the study of Hocking et al. (2002)
birds fedad libitumproduced only 28 chicks to 60 weeks of age (restricted birds produced 134). This
improvement in egg layingna the substantial reduction of mortality are the main reasons for feed
restricting broiler breedeX&FSA Panel on Animal Health and Welfare, 2010

5.4. Trait combination i selection indices

From a breeding and genetic standpoint, the desirable outcomeecfigelwill be a bird that
effectively combines production, health, fithess, welfare, and reproduction traits. To achieve this
outcome, selection indices that combine the individual traits summarised in Table 1 and discussed in
Sections 5.5.3 have beenaveloped. One breeding company records over 40 traits grouped into
about 10 categories. Within each group there may béraiib corresponding to different ages (e.g.
liveability of broilers, young and adult breeders; different types of skeletal disatbgrsraits are
combined into a selection index that takes into account the potential for genetic improvement and the
economic value of a change in each trait. The relative weight given to each trait will differ depending
on the specific objectives of &a line: for example, for male lines the emphasis may be on feed
efficiency and breast muscle yields whereas reproduction may be given more weight in female lines.
However, selection will only take place among birds that satisfy minimum levels of healtitnass

as described above: thus birds that are unable to walk or show evidence of skeletal disorders, for
example, will not be selected for breeding.

The move towards more balanced breeding programmes presents a serious development over
previous, sulbptimal practices. For example, in 1960 live body weight was the only criterion for
broiler selection. This resulted in several related health, fithess and welfare problems that have
subsequently been addressed by improved selection criteria. At presefur Hredpast 20 years or

so, inclusion of many traits like those described above and in Table 1 safeguards against undesirable
consequences of orsided selection.

The effect of balanced selection on health and welfare traits can be easily predictedrbdise
relative weights placed on the various traits in an index and the relevant genetic parameters
(heritability of each trait and genetic correlation between traits) used. However, the actual numbers
are commercially sensitive and not disclosed by mames running their own competitive breeding
programmes. Furthermore, it is not always clear exactly which specific welfare traits are being
selected and what weighting they are given in a selection iDIEXRA reported in its answer to the

call for data(EFSA, 2009) several surveys of leg problems over time. Kestin et al. (1992) reported
that 26 % of commercial intensively reared broilers had leg abnormalities leading to gait scores 3 or
above (but on a sample of 5 flocks only). In 2006,EFRA researctproject undertaken in 5 UK
broiler companies (on 51,000 birds) indicated that 27.6 % of broiler had a gait score 3 or above
(Knowles et al., 2008). Even if prevalence seems stable, it is very hazardous to draw conclusions
since samples are not comparablel scoring methods rely on irndaoserver reliability and intra
observer consistency which can make it difficult to compare data sets generated by different teams.
These data are at variance with many other scientific papers and industry records bled amtia
consistent data from commercial flocks in all European countries are necessary to draw any
conclusions on the welfare impact of genetic selection of broiler chickens.

Cooper (EFSA, 2009 public call for data) gave a description of the selectiantpaelated to health
and welfare. He stated thatmongthe parameters are considered for the selection of braiters
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quality and liveability of chicks produced, valgusrus deformities, rotated legs, loose joints, crooked
toes, back defects, and camehscular health. Considering all the traits mentioned, a delicate balance

is required to meet consumer and industry demand. No validated data were available to assess
precisely the weight of such criteria in selection and the impact on broiler welfare.

However, historic shifts of selection emphasis from production to health, fitness, welfare and
reproduction traits could effectively be monitored by observing phenotype trends in broiler
populations. Such figures, however, are also commercially sensittvear@nnot divulged by the
industry. Moreover, their testing of new strains in a variety of environments may not be
comprehensive and there is a need for better and more comprehensive monitoring of prafetioal on
welfare outcomes.

Recently, DNAarray tetinology has enabled the large scale genotyping of individual animals/birds
simultaneously for tens of thousands of DNA markers, paving the way for tballed genomic
evaluation and selection (Meuwissen et al., 2001). Genomic selection is rapidly bgaomany

useful tool to identify birds which naturally carry desirable genes. This development is expected to
assist in the genetic improvement of traits that are difficult to record, such as welfare traits.
Furthermore, several traits with low heritalyijisuch as those related to health and reproduction, are
particularly expected to benefit from genomic selection compared with conventional selection based
entirely on phenotypic records. By definition, the latter type of selection has mostly beneiftged tra
with higher heritabilities such as production and growth.

5.5. Genetic selection by production system

For optimal results, specific conditions prevailing in specific production systems may warrant the
presence of different lines of birds. Whilst birds that the outcome of a walbunded balanced
breeding programme, as described above, would be suitable for most conventional circumstances,
other systems may require individuals of a different genotype. For exampleantdey
conformation and robustnebsecome even more crucial for frenging birds. Furthermore, organic
systems that prohibit the use of antibiotics and certain other medicines would require more selection
emphasis on an inherited resistance to disease.

5.6. Policies of breeding companies regaling selection for welfare versus production

The response to one generation of selection depends on the heritability of the trait and the selection
pressure (the proportion of birds that are used as parents of the next generation). Heritability is not a
fixed quantity, and is specific to a given population at a certain time, and several hundred birds are
required for reliable estimates. Heritability, which, as explained above, reflects the proportion of
differences among individuals that is due to addigeaetics, is also a measure of the accuracy of
estimating breeding value and, if measurements are available for relatives, the combined accuracy can
be much greater than an estimate based on the bi

Genetic correlations between two traits Isus growth and leg health are even more variable than
estimates of heritability and require thousands rather than hundreds of birds for precise estimates.
Genetic correlations are calculated on a scale that runs-frtimough 0 to +1 and are seldom gega

that £0.4 unless they are parhole traits like growth and feed conversion. A positive correlation will
make the reduction in selecting for more than one trait less than it would be if the correlation were
zero or negative. However, as discussed &vipus sections, selecting for two or more traits will
reduce the selection intensity on a single trait even if the two are not correlated. Animal breeders
manage the major problem of a negative correlation between growth and reproduction by selecting
malelines (Figure 1) primarily for growth traits and female lines for a balance between both with the
relative emphasis depending on the objectives for a particular line. This strategy has the advantage
that fewer traits are selected in each line (increattiegrate of change) and, when the lines are
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crossed (Figure 1), reproduction and other fitness traits are improved as a result of hybrid vigour
(heterosis).

Many welfare traits are so important that, for example, a bird that cannot walk will not becsédecte
breeding. This is termed an Oindependent cul lin
indexd6 which gives a weighting to each measur e me
scope for change. The index will also weightommhation from antecedents, offspring and
contemporary relatives to provide a comprehensive evaluation of the genetic merit of the bird.

The genetic correlation between several skeletal disorders and body weight have been summarised in
this report. These arlargely based osimulationmodelsand are generally not large (i.e. less than

+0.4, one trait being associated with less than 20 % of the variation in the second). Breeding
companies were already selecting for leg traits before 1980 (Mercer and Bd), Bpecifically it is

well known that breeders have included absence of tibial dyschondroplasia (TD) and resistance to
ascites in their selection programmes. Anecdotally we believe that both disorders are not commonly
observed i n t odasyHvidence provides fram oad of thel conamiercial breeders of
data from flocks of several thousands of pedigree broilers evaluated for TD using the Lixiscope from
1989 to 2007 presented in Figure 2 This an example of selection in practice to diminislidiérecac

of a welfare trait in a commercial selection programme.

Evidence that genetic progress has been made in pedigree flocks does not guarantee that a similar
change will be observed in commercial boilers. The environments in which broilers are kept
coomercially are not the same as that in breede
between these and experimental facilities in universities and research institutes. The only way to
assess changes in welfare traits of practical relevance isdodrthem in commercial flocks which

generally consist of many thousands of birds. According to Agristats and EFFAB data (EFSA call for
data, 2009), there has been a decrease in the prevalence of skeletal disease and other welfare traits
since 2000.

Table 2. Range of expected change in body weight (g) for one generation of selection in a large
population of broilers for different intensities of selection (Percentage of selected birds) and
heritability, when selection is on body weiginly".

Proportion of birds

selected Heritability

Male Female 0.1 0.2 0.3

0.1 1 75 151 226
0.5 5 62 142 186
1 10 55 111 166
2 20 46 91 137

1 The gain from one generation of selection is the product of the average intensity of selection, thiétheniatthe
phenotypic standard deviation of body weight. The intensity of selection was obtained from standard statistical tables of
the normal distribution for different proportions of bird selected for breeding the next generation. Selectioremtensiti
male and female broilers is based on the assumption that 1 male is mated to 10 females. The mean body weight at
selection is taken as 2500 g and assuming a coefficient of variation of 10 % the phenotypic standard deviation of body
weight is 250 g.

Welfare organisations complain that poultry breeders place too much emphasis on growth rate to the
exclusion of the welfare of the birds whereas breeders state that the welfare of their stock is
paramount and they do select for welfare traits. Althouglathgal weights placed on various traits in
practice are unknown, we can estimate the relative emphasis on growth versus all other traits by using
standard genetic theory. In a large population such as a broiler section flock, the rate of change after
onegeneration of selection can be predicted for a range of likely selection intensities (i.e., proportion
of selected birds) and heritabilities. Table 2 summarises these calculations and assumes that the
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selection intensity of males is ten times greater thdamales. We expect selection intensities to be

of the order 0.1 to 1% for males and 1 to 10 % for females. As an example for selection for body
weight which has a heritability of 0.3, the annual change in body weigtbrmmercialbreeding
programmess in the order of 480 g (last column in Table 2) which is between 20 and 50 % of the
theoretical rate of change. Clearly the difference will not be due entirely to selection for welfare but
these calculations do not support the contention that poultgdére oveemphasise growth rate.

There is commercial support for this conclusion from turkey breeding in which it was shown that 50%

of the potenti al sel ect i obysqectiersfar welfae thits (Bendey,dy we
2003).

Proportion
of birds with
TD (%)

1989 1991 1993 1995 1997 1999 2001 2003 2005 200°

Year

Figure 2: Trend in the incidence of tibial dyschondroplasia (TD) at selection by year of observation in
pedigree broiler flocks. (Unpublished information from Aviagen).

Note. The lixiscope provides an assesdmenthe incidence of TD on live birds using NASA
developed low emission X ray technology. The graph shows the trend in incidence from the initial use
of the technique until 2007. Over this period the same equipment and criteria were used for
assessment.deh point represents the average of all birds placed for selection for the genetic lines
contributing to the Ross 308 product at each seledtidherefore each point represents several
thousand birds.

Genetic selection of broilers has changed consideal®y the past 50 years and now encompasses
production, health, fitness, welfare and reproduction traits.

The level of genetic improvement of individual traits cannot be quantified due to the lack of access to
pertinent data.

Genomic selection may prowda useful tool for the improvement of lowly heritable, difficult to
record traits related to health, fithess, welfare and reproduction.

More studies should be sought on specific welfare traits (e.g. aggression during mating,
reactivity/fear) in terms ofacording, and genetic evaluation and selection.

There should be standardisedjective monitoring of welfare in commercial flockim a system
harmonised across different countriés,assess phenotypic trends various traits as well as the
impact of gentic selection on these traits.
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Studies are needed in order to develop practical methods for independent health and welfare
surveillance and to objectively assess and record welfare indicators istalgeoperations.

Welfare traits that are found to beritable should be included in breeding programmes and selection
indices.

6. Genotype by environment interaction

There are three main breeding companies in the European market that provide the majority of the
wor |l doés s wolprioiler clicks. Fobratlgee companies a convenient situation might be to
supply the whole world with the same crossbred but two reasons stop that happening. First, their
customers in various regions have different requirements regarding performance and characteristics of
the chiclens, e.g. some prefer breast meat and consider the residual gwaaumt, while other

regions prefer the bony part of the chickens. Furthermore, there are a range of other wishes regarding
skin colour and even bone colour. Secondly there are largeediffes in the environments (housing
facilities, ambient temperature, altitude, available nutritional sources, quality of the water, etc.) and it
might be that chickens of one strain or crossbred producing well in one environment will perform
poorly in anoher. One can look on these two phenomena as a question of a genetic adaptation to a
particular region/environment. For the environment part (not determined by human preference)
Genotype x Environment interaction or G x E interaction is referred to, whgesiotypes rank
differentially across environments (see Appendix B).

6.1. Welfare aspect of interaction between genotype and environment

Introduction of a breed to a novel environment may cause them to perform less well than in their
original selection enviranent and may even cause their welfare to be adversely affected. It is clear
that where growth rate decreases it may sometimes improve leg conditions and thus improve the
welfare of the birds. It may be generally thought that novel environments to whicseldeted
genotype hs notbeen exposed will cause harm the welfare of the chickens but the evidence is sparse.
As few G x E investigations have specifically included welfare examinations there is sparse evidence
that novel environments to which the sedeCigenotype have not been exposed to, will harm the
welfare of the chickens. However, there are some clear examples in which birds suffered from
hyperthermia when kept in a hotter environment than the environment in which they were selected
(see Appendix Blast section).

6.2. How do the breeding companies deal with G x E interaction?

The traditional attitude in animal breeding was that the character required is best selected under
environmental conditions that favour its fullest expression (Hammond, 1947) vieiowiee research

from Falconer and Latyszewski (1952) later found that progress was more rapid in a good
environment than in a restricted one, and that a trait is best improved by selection under the
conditions in which the trait will be measured. Incexhsensitivity to environmental stress, such as
nutritional stress (Appendix B), appears to be evident when the selection environment is better than
that in which the birds will eventually be evaluated. Following the adoption of quantitative genetic
theoryapplied by breeding organisations from the beginning of the 1960s, the concept that testing of
potential breeding animals should be conducted in environments similar to commercial practice was
gradually adopted. As the poultry breeding companies becaemmational and operate on a world

wide scale they introduced a system in which they had copies of their lines of elite birtisegfiéns

in the world so that they covered the high altitude, the warm areas, and perhaps with basic farms from
where they dginated. These satellite farms with a full selection programme in the pure lines, and
from which the multiplying programmes run at that particular region, ensure that thebdss
offered in a region also had had some generations of genetic adaptdtierregion in which they are

to be marketed.
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6.3. Importance of the genetic diversity

Maintaining a high genetic diversity between commercial lines may be considered key to the selection
of lines well adapted to challenging environments. Recent genomi@stadnfirm that individual
breeding lines show a (numerical) loss of diversity. However most of this loss occurred before the
development of the current intensive industry and many rare alleles were already lost. Although some
of these rare alleles werenselethal or lethal, the loss in genetic diversity is of concern. The recent
reduction in the number of breeding companies has been the result of merging companies or acquiring
companies: this did not lead to additional loss of genetic diversity becaussajbrity of pure lines

were actually maintained during this process.

While fastgrowing lines are increasingly used, alternative coloured -glowing lines are also
produced by poultry companies. These amatere used f
carcass and meat quality is important. One example is the Label Rouge chicken in France which is
slaughtered at a minimum age of 81 days. Those lines contribute to the production of intermediate
6certifiedod chickens nfofafasglowing sire brnd a slogewing dayn) t he c !
slaughtered around 56 days (see for exarhjlbbard Management Guidoiler i Hubbard, 2009

and EFSA call for data,2009). These slowgrowing chickens are well adapted to free range
production Castellini et al., 2008 and show reproductive performance (Heck, 2004), meat and
carcass attributes (Bizeray et al., 20D@put et al., 2003Berri et al., 2005pas well as behavioural
characteristics@ebut et al., 2003Berri et al., 2005pCastellini et al., 208) different from those of

standard fasgrowing chickens.

It has been shown that G x E exists for nutrition, ambient temperature and managements systems.

Breeders should select birds able to adapt to the environments in which they will be eaared,
organic, climate, etc.

Bird welfare will be improved if they are selected to their rearing and production environments

Breeding companies and farmers should ensure that the most appropriate strain of bird is used for the
local environment.

Most G x E stdies have so far focussed on productivity and reproduction and not on welfare
Welfare traits should be included in the G x E studies and the selection of birds.

Farmers or producers should select a suitable genotype for the environmental conditioris on the
farm.

Information, independent of the breeding companies, on welfare and production, should be provided
to farmers for them to make a suitable choice.

Genetic diversity should be maintainedhbrgeding companies iorderto meet future market demand
andto develop lines that can withstand challenging environments.

Breeding companies to follow up more thoroughly the ability of the birds to adapt to different kinds

of environments from a welfare as well as productivity and marketing perspectives andphpios

a O6no complaints basisé6. This wil|l provide bet
selection.

It is critical that the producers themselves are aware of the welfare issues and feed any welfare issues
back to the breeding companies.
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Othea systems are being developed that affect welfare e.g. organic, natural, free range and that
requires even closer collaboration between producers and their breeding companies. More research is
required here. Robustness of the lines to adapt to differedtper environments is a key issue.

7. Risk assessment to comment on possible welfare improvement by selection criteria for
broilers, including management interactions

Risk assessment is a systematic, scientifically based process to estimate the probakpitgure to

a hazard, and the magnitude of the effects (consequences) of that exposure. A hazard in animal
welfare risk assessment may be defined as a factor with the potential to cause a negative animal
welfare effect (adverse effect). Risk is a fuantiof both the probability that the hazard and the
consequences (characterised by the adverse effect) occur, and the intensity and duration of the
consequences.

Factors which adversely affect the welfare of broilers which are thought to be linked ta tHesbd
genetics are considered in the risk assessment.

The conceptual model for this question is presented by Figure 3. In this model the question of selected
birds and their welfare is addressed through: 1) specific genetic sensitivity of the bird ézadhdsh

2) the influence of genetically selected birds on their environment; and 3) the influence of
environmental factors on the welfare of genetically selected birds.

Impact of the
environmenton the
welfare of the birds

Susceptibility of the
genetically selected
birds to their
environment

Impact of genetically
selected birds on their
environment

Figure 3: Model of interaction of genetic selection and ieowment on the welfare of birds.

Four parameters were scored to assess the importance of a hazard; the intensity of the adverse effect
that the hazard causes, the duration of the adverse effect; the probability of an adverse effect given
exposure to a lzard; and the probability of exposure to the hazard. The probability of exposure to the
hazard corresponds to the percentage of all birds exposed to the hazard. The consequence of exposure
can be assessed by scoring the intensity and the duration o#reeadffect in the individual.

The risk assessment was based on the following assumptions:

1. All birds exposed to the hazard experience the same intensity and duration of the adverse
effect.
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2. In the absence of complete prevalence data by country, it is eddthat (i) all birds in all
countries that are exposed to the hazard have an equal probability of experiencing the adverse
effect; and (ii) exposure to the hazard is equal for all countries.

3. There is no dependence or association between different haaadierent consequences.
The occurrence of a hazard or consequence does not affect the probability of occurrence of
other hazards or consequences.

4. Individual expert opinions are independent and unbiased.

7.1. The risk assessment process

The general risk @@ssment is in line with the approach previously used in the EFSA welfare reports
with some modifications according to the risk question posed. In the following paragraphs the risk
assessment process for hazard identification and characterization amdiabiljty of exposure to

the hazard are described as well as the way they were scored. Finally the risk scoring process is
described.

7.1.1. Hazard identification

The objective of hazard identification is to identify potential welfare hazards associated with the
genetic selection of broilers. Identification was based on a review of the literature and field
observations. The adverse effects (consequences) caused by each hazard is described.

7.1.2. Hazard characterisation
Intensity

The approach taken has been to refethtolevel of deviation from an optimal (hazdrde) state.
Consequently, intensity ranged over six categories: no deviation from optimal, very small deviation
from optimal, small deviation from optimal, moderate deviation from optimal, large deviation fr
opti mal, and extreme deviation from opti mal: |
experts.

Duration of the adverse effect

The time during which an animal will on average experience the adverse effect was estimated in
hours. As broilersive for an average of 42 days, this translates to a total lifetime of approximately
1008 hours. The duration of an adverse effect (consequence) can be longer than the duration of the
hazard. The possibility that birds are exposed to hazards in a discugtimanner, or repeatedly
exposed was also considered, by estimating the frequency of repeated occurrences over the course of
the birdsé | ifetime multiplied by the duration
For example, if a bird perfors abnormal behaviour for one hour every day, the duration would be 1
hour*42 days = 42 hours in totaver the lifetime of the bird.

Conditional exposure assessment

The conditional exposure assessment is performed by assessing the probability of effeise
(consequences) given there has been exposure to a hazard. For example, if there is high temperature
and humidity within a house, what proportion of the birds contained in the house will develop
hyperthermia?
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Exposure assessment

The exposure aggssment is performed by assessing the probability of exposure to the hazard. For
example, what is the probability of being exposed to high temperature and humidity? It is recognised
that the proportion of the population exposed to a selected hazarawillepending on the farm of
origin and slaughterhouse.

Uncertainty and variability

The degree of confidence in the final estimation of risk depends on the level of uncertainty and
variability for each hazard and itonsequencesv/pse, 208). Uncertainy arises from incomplete
knowledge and/or when results are extrapolated from one situation to another (e.g. from experimental
to field situations). Uncertainty can be reduced by carrying out further studies to obtain the necessary
data, however this mayhalways be a practical possibility. It can also be appraised by using expert
opinion or by simply making a judgment.

Variability within a population is a natural phenomeriogiven constant, equal conditions for all
individuals in a population, there Wwalways be observable differences between the individuals, even
when measurements are perfect and we have all the data we could possibly wish to collect. The
frequency and magnitude of welfare hazards will inevitably vary between farms and countries and
over time, and birds will vary individually in their responses. However, it is not always easy to
separate variability from uncertainty. Uncertainty combined with variability is generally referred to as
total uncertainty (Vose, 2@®).

To assess uncertaintgnd variability in this risk assessment, each working group member
independently scored each hazard and its consequences for the four parameters listed previously and
recorded their level of certainty in each attributed score. The certainty scores eete galculate

ranges (minimum and maximum estimates) about the point estimate of each score. If certainty was
low, the range around the estimated score was wider than if the certainty was high. Attributed scores
from the independent working group membeese pooled and for each hazard and consequence, the
medi an score and | evel of certainty for the gr
attributed scores was interpreted from the minimum and maximum scores given by members of the
group for ealb parameter.

To assess variability within the population, working group members could indicate a range of values
for each score to show variability within the population, where such information was available.
Variability in the scores attributed betweerpexs was taken into account and used to calculate a
range (minimum and maximum values) around each of the risk measurements (magnitude, welfare
impact, risk score).

7.1.3. Risk Characterisation

The scoring process was discussed by the working group in plenamyasuundertaken by the
individual experts separately. The estimates were based on current scientific knowledge, published
data, field observation and experience (as summarised in this report).
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Calculation of magnitude of adverse effect

The magnitude afhe adverse effect is the product of the scores for intensity and duration.
Magnitude = [intensity/max possible intensity score] * [duration/max possible duration] * 100%
Calculation of conditional welfare impact

The welfare impact of the adverse effectthe product of the scores for intensity, duration, and
probability of adverse effect given exposure to hazard.

Welfare impact = [intensity/max possible intensity score] * [duration/max possible duration] *
[Conditional exposure probability/100] * 100%

Calculation of the risk score

All four factors (intensity of adverse effect; duration of adverse effect; probability of adverse effect
given exposure to hazard; probability of exposure to the hazard), were included in calculating the
final risk score of a hazd. The score for each parameter was standardised.

Risk score = [intensity/max possible intensity score] * [duration/max possible duration] *
[Conditional exposure probability/100] * [Hazard exposure probability/100] * 100%

Interpretation of the risk score

Due to the limited amount of quantitative data on many effects of hazards on broilers, the risk
assessment is entirely based on expert opinion. The methodology used does not give a precise
numerical estimate of the risk attributed to certain hazardgever the output can be used to rank the
problems and designate areas of concern, as well as highlight areas where further research is needed.

The methodology assumes that there are no interactions between different hazards and consequences.
However, manyhazards and consequences are associated, so the calculated risk scores may
underestimate the welfare risk of certain hazards that lead to multiple collateral effects and
associations with other hazards. Likewise, risk scores may be overestimated itch Hezanany
associated consequences, but some of these are attributable at least in part-ticthereace of

another hazard. The risk scoring is semantitative. Thus the scores allow a ranking but the absolute
figures are not on a linear scale (eagisk score of 12 should not be interpreted as being twice as
important as a risk score of 6).

7.1.4. Genetic and Environment interaction

In addition to the risk assessment, experts were asked to give opinions on two further questions
relating specifically tq(i) the effect of bird genetics on the environment and (ii) how susceptible or
resistant to different hazards and their associated consequences broilers are. For each of these
guestions, genetic traits were considered in one of three categories: thdtisg telehealth and

welfare; those relating to production; and those relating to reproduction.

The effect of bird genetics on the environment

Given a |ist of environment al vari abl es, expert
traits impactd on the environment using apbint scoring systeml trait causes a large decrease in

the environmental variable(.5 trait causes some decrease in the environmental variable; O trait has

no impact on the environmental variable; 0.5 trait causes swmrease in the environmental variable;

and 1 trait causes a large increase in the environmental variable. As with the risk assessment, experts
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were asked to rate their level of uncertainty in the score. These were then used to calculate a range
around thecalculated median genetic impact score.

Susceptibility/resistance offered by genetic traits to environmental/housing hazards

Experts were asked to score whether the broile
susceptibility to a range of envitmental hazards, using gbint scoring system1 trait renders bird

susceptible to hazard).5 trait renders bird slightly susceptible to the hazard; O trait has no effect on
resistance or susceptibility to the hazard; 0.5 trait offers some resistatiee hazard; 1 trait offers

full resistance to the hazard. As with the risk assessment, experts were asked to rate their level of
uncertainty in the score. These were then used to calculate a range around the calculated median
susceptibility score.

7.2. Assessment of welfare impact of genetic selection in broilers, including management
interactions

Table 3 shows the aggregated hazard scores and calculated results of the risk assessment. For a
breakdown of the risk assessment calculated by the adverse effsoated with each hazard,
please refer to appendix C.

This table shows that the top ranking hazards according to risk scores on the genetics of broilers are
unbalanced body conformation, fast growth rate and reduced mobility. The experts also coasidered
range of environmental hazards that may interact with broiler genetics, and the Table shows that the
top ranking hazards among these are high stocking density, low light intensity and wet litter. These
hazards are ranked highly either because the sehedfects are intense and/or prolonged, and/or the
probability of the birds being exposed to these hazards is high and the probability of experiencing
adverse effects when exposed to these hazards is high.
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Table 3: Magnitude, wHare impact and risk score of welfare hazards associated with the genetics of broilers. The Table is ranked by mediagn risk s
(highest to lowest), then minimum and maximum risk scores.

HAZARDS ct Intensity Duration L of exper. Cong L of exp. To haz3 Magnitude WF Impact4 Risk Score
(max of 5) (hours)
me min max med min max med min max med min max med min max med min max med min max
d
E'g;if;‘mk'”g 9 [35|10 |50 |4200 |1680 |6720 |325 |150 | 625 | 700 | 100 | 900 | 292 |33 |667 |95 |05 |417 |85 |04 |375
Unbalanced body| , | 351 50 |35 |s5460 | 1680 |6720 | 250 | 150 | 625 | 900 | 700 | 900 | 379 | 67 |467 |95 |10 |202 |66 |00 | 263
conformation
Low light
intonsity 4 20|00 |40 |6720 | 1680 |6720 |250 |75 |875 | 100 | 100 [ 600 | 26,7 |00 |533 |67 |00 |467 |47 |00 | 420

Fast growth rate
8 35| 20 4.0 420.0 168.0 672.0 200 | 7.5 325 | 90.0 | 70.0 | 90.0 | 29.2 | 6.7 53.3 | 5.8 0.5 17.3 | 41 0.1 15.6

Wet litter 5 35|10 5.0 168.0 | 168.0 | 672.0 | 25.0 | 3.0 62.5 | 45.0 | 30.0 | 60.0 | 11.7 | 3.3 66.7 | 2.9 0.1 417 | 2.6 0.1 375
Crusted litter 1 30|20 |40 672.0 | 168.0 | 6720 | 7.5 1.0 15.0 | 100 [ 0.0 | 300 | 400 |67 |[533 |30 |01 |80 |14 |00 |48
Barren

- 3 1.0 0.0 4.0 672.0 672.0 1008.0 | 15.0 | 7.5 87.5 | 70.0 | 0.0 90.0 | 13.3 | 0.0 80.0 | 2.0 0.0 70.0 | 1.2 0.0 56.0
environments

Inappropriate

diet 4 3.0 20 4.0 5460 420.0 672.0 20.0 | 15.0 | 325 | 0.0 0.0 0.0 325 | 16.7 | 533 | 6.5 2.5 173 | 0.7 0.3 1.7

Light cycle (long

. 1 3.0 0.0 4.0 672.0 168.0 1008.0 | 15.0 | 7.5 87.5 | 60.0 | 10.0 | 80.0 | 40.0 | 0.0 80.0 | 6.0 0.0 70.0 | 0.6 0.0 42.0
photoperiod)

Reduced mobility | 4 35|25 4.5 420.0 1680 672.0 200 | 7.5 325 | 70.0 | 0.0 90.0 | 29.2 | 8.3 60.0 | 5.8 0.6 195 | 0.6 0.1 9.8

Poor ventilation 2 40| 1.0 4.5 132.0 12.0 420.0 7.5 2.0 20.0 | 30.0 | 0.0 50.0 | 105 | 0.2 375 | 0.8 0.0 7.5 0.2 0.0 3.8

High

temperatures 1 4.0 | 4.0 5.0 24.0 24.0 672.0 11.3 | 3.0 25.0 | 10.0 | 10.0 | 50.0 | 1.9 1.9 66.7 | 0.2 0.1 16.7 | 0.0 0.0 5.0
and humidity

High light

intensity (incl. 1 20| 0.0 4.0 168.0 42.0 672.0 7.5 3.0 15.0 | 10.0 | 10.0 | 10.0 | 6.7 0.0 53.3 | 0.5 0.0 8.0 0.0 0.0 0.0

Natural lighting)

1 Number of associated consequences

2 Likelihood of experiencing consequences if exposed to hazard (%)
3Likelihood of exposure to hazard (%)

4 Welfare Impact
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The top ranking hazards by risk score, welfare impact and magnitude are given in Tables 4 (genetic
hazards) and 5 (environmental hazardas & link to genetics).

Table 4: Top five Genetics ranking hazards by welfare impact and magnitude

# Risk Score Welfare Impact Magnitude

1 Unbalanced body Unbalanced body Unbalanced body
conformation conformation conformation

2 Fast growth =Reduced mobility =Reduced mobility

3 Reduced mobility =Fast growth =Fast growth

Table 5: Top ranking Environmental hazafdsy risk score, welfare impact and magnitude

# Risk Score Welfare Impact Magnitude

Crusted litter

1 High gocking density

High stocking density

2

Low light intensity

Low light intensity

Long photoperiod

3

Wet litter

Inappropriate diet

Inappropriate diet

The hazards may affect different genetic lines of birds in different ways

In Table 4 itcan be seen that unbalanced body conformation is the highest ranking welfare hazard for
risk score, welfare impact and magnitude, followed by fast growth and reduced mobility. In Table 5,
high stocking density emerges as the highest ranking environnheatald that may be exacerbated

by, or may interact with genetic traits, followed by low light intensity and wet litter.

Note that a hazardodés risk score ranking does n
magnitude ranking. This reflectstbeb s er vati on t hat a hazardés inten
the probability of a bird experiencing the adverse effect may be low. In this case, magnitude may be
relatively high, but welfare impact or risk score would be relatively low. This is stad@arly in

Figures 4 and 5, where some hazards with high magnitude have relatively low welfare impact and risk
scores (i.e. reduced mobility). As the absolute values for each score are not linear, only the relative
ranking of the hazards is meaningful.eV¢an see that some hazards that rank relatively low for
magnitude rank higher for risk scores (e.g. wet litter and barren environments) because of the higher
probabilities of exposure and of exposed birds being adversely affected by them.
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Figure 4: Relative Magnitude, Welfare Impact and Risk Scores for the 3 hazards identified in relation
to the genetics of broilers, ranked on median risk score (high to low).

Note that values are not linear, hence a hazard with a risk ScPBenot twice the risk of a hazard
with score 10.

Hazard code: 1 Unbalanced body conformation; 2 Fast growth; 3 Reduced mobility.
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Figure 5: Relative Magnitude, Welfare Impact and Risk Scores for the 10 environmental $hazard
exacerbated by, or interacting with the genetics of broilers, ranked on median risk score (high to low).

Note that values are not linear, hence a hazard with a risk score of 20 is not twice the risk of a hazard
with score 10

Hazard code: 1 High stoclg density; 2 Low light intensity; 3 Wet litter; 4 Crusted litter; 5 Barren environments; 6
Inappropriate diet; 7 Light cycle (long photoperiod); 8 Poor ventilation; 9 High temperatures and humidity; 10 High
light intensity (incl. Natural lighting).

Uncertainty and variability

Experts did not have uniform uncertainty across the attributes they scored on. Figure 6 shows that
experts were less certain of conditional probability of exposure than intensity and duration scores, and
there was greater variability hazard scores for conditional probability of exposure than intensity or
duration. This is likely to be a true reflection of knowledge in the fieltiere is relatively more
information available describing adverse effdctheir intensity and duratig than quantifying how
extensive the problem is. Further to this, it was recognised by the experts that probabilities vary from
region to region, country to country and between different types of farming system. Probability
estimates consequently had kanganges. Routine data collection across Europe would certainly help

to make these estimates more accurate, not least because prevalence information from each country
could be included directly in the risk assessment.
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Figure 6: Representation of the uncertainty (left columsg)and variability (right column, - of
hazard intensity (top row, a,d), duration (middle row, b,e) and conditional probability of exposure
(lower row, c,f).

Hazard code: 1 High temperatures and Hlityri 2 High stocking density; 3 Barren environments; 4 Wet litter; 5 Poor
ventilation; 6 Low light intensity; 7High light intensity; 8 Long photoperiod; 9 Reduced mobility; 10 Inappropriate diet;
11 Unbalanced body conformation; 12 Fast growth rate; u3t€d litter.

Genetics x Environment interaction

Considering first the question of how genetic traits impact on the environment, Table 6 shows that in
almost all cases, productioalated traits impact on the environment, and in each case, the
productionrelated trait tends to increase the environmental factor. For example, in relation to ambient
temperature, production traits tend to lead to increase in ambient temperature. Health and welfare
traits and reproduction traits tend to have no effect. Thepton is for quantity of dust in the
atmosphere, where productiogiated traits tend to reduce the level of dust in the air, but health and
welfarerelated traits (such as an increased propensity tobdise) leads to an increase in the
quantity of anospheric dust.
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