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ENVIRONMENT, WELL-BEING, AND BEHAVIOR

Potential risk factors associated with contact dermatitis, lameness, negative
emotional state, and fear of humans in broiler chicken flocks

A. W. Bassler,*! C. Arnould,t{§# A. Butterworth,|| L. Colin,} I. C. De Jong,q V. Ferrante,**
P. Ferrari,7t S. Haslam,|| F. Wemelsfelder,ft and H. J. Blokhuis*

*Swedish University of Agricultural Sciences, Department of Animal Environment and Health, Box 7068,
75007 Uppsala, Sweden; fInstitut National de la Recherche Agronomique, Unité mixte de recherche (UMR)

85 Physiologie de la Reproduction et des Comportements, 37380 Nouzilly, France; ILe Centre national de la
recherche scientifique, UMR7247, 837380 Nouzilly, France; § Université Francois Rabelais de Tours, 37380 Nouzilly,
France; #Institut Francais du Cheval et de Z’Equitation, 37880 Nouzilly, France; || University of Bristol,
Clinical Veterinary Science, Langford, Bristol BS40 5DU, United Kingdom; 9 Wageningen University
and Research Centre, Livestock Research, 8200 AB Lelystad, the Netherlands; **Universita degli Studi di Milano,
Department of Veterinary Science and Public Health, 20122 Milan, Italy; {fCentro Ricerche Produzioni Animali
(Research Centre on Animal Production), 42121 Reggio Emilia, Italy, and }1Scotland’s Rural College (SRUC),
Animal and Veterinary Sciences Group, Midlothian EH25 9RG, United Kingdom

ABSTRACT The objectives of this study were to 1)
identify determinants of poor welfare in commercial
broiler chicken flocks by studying the associations be-
tween selected resource-based measures (RBM, poten-
tial risk factors), such as litter quality and dark period,
and animal-based welfare indicators (ABM), such as
foot pad dermatitis and lameness, and 2) establish the
breadth of effect of a risk factor by determining the
range of animal welfare indicators associated with each
of the risk factors (i.e., the number of ABM related to a
specific RBM). Eighty-nine broiler flocks were inspect-
ed in 4 European countries (France, Italy, the United
Kingdom, and the Netherlands) in a cross-sectional
study. The ABM were contact dermatitis (measured us-
ing scores of foot-pad dermatitis and hock burn, respec-
tively), lameness (measured as gait score), fear of hu-
mans (measured by the avoidance distance test and the
touch test), and negative emotional state (measured
using qualitative behavior assessment, QBA). In a first
step, risk factors were identified by building a multiple

linear regression model for each ABM. Litter quality
was identified as a risk factor for contact dermatitis.
Length of dark period at 3 wk old (DARK3) was a risk
factor for the touch test result. DARK3 and flock age
were risk factors for lameness, and the number of dif-
ferent stockmen and DARK3 were risk factors for QBA
results. Next, the ABM were grouped according to risk
factor and counted. Then, in a second step, associations
between the ABM were investigated using common fac-
tor analysis. The breadth of a risk factor’s effect was
judged by combining the number (count) of ABM re-
lated to this factor and the strength of association be-
tween these ABM. Flock age and DARK3 appeared to
affect several weakly correlated ABM, thus indicating
a broad range of effects. Our findings suggest that ma-
nipulation of the predominant risk factors identified in
this study (DARKS, litter quality, and slaughter age)
could generate improvements in the related ABM and
thereby enhance the birds’ overall welfare status.

Key words: animal welfare, broiler chicken, risk factor, leg health, behavior

INTRODUCTION

European Union Regulation no. 882/2004 “on official
controls performed to ensure the verification of compli-
ance with feed and food law, animal health and animal
welfare rules,” states that the official animal welfare
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control in the various member states should be carried
out on a risk basis [i.e., the frequency of controls shall
be proportionate to the farm’s individual risk for poor
welfare (EU, 2004)]. This approach optimizes the ef-
fective use of the (limited) resources. A prerequisite to
the estimation of a poor welfare risk at a specific farm
is soundly based knowledge about the risk factors that
can harm welfare, that is, farm characteristics (identi-
fied in so-called resource-based measures, RBM) as-
sociated with welfare (Anonymous, 2001). Of course,
there is no single gold standard measure for overall
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welfare. Indeed, animal welfare is a multidimensional
concept, comprising both physical and mental health
and including aspects such as physical comfort, absence
of hunger and disease, and the potential to perform
motivated behavior (Fraser, 2008). Thus, an adequate
assessment of welfare should use a wide range of indica-
tors (SCAHW, 2000; EFSA, 2012a), and consequently,
when selecting a set of risk factors, as required by the
above EU regulation, factors associated with a broad
spectrum of welfare indicators would be preferred.

The European research project Welfare Quality de-
veloped a welfare assessment system for farm animals
that takes into account the complexity of the welfare
concept by systematically breaking it down into 4 prin-
ciples, 12 related criteria (key welfare questions), and
corresponding welfare measures (Botreau et al., 2007;
Blokhuis et al., 2010). The present study focuses on
broiler chicken production, and all the data used here
were collected within the Welfare Quality project (Ar-
nould and Butterworth, 2010). The animal-based mea-
sures (ABM) used to quantify welfare aspects stem
from current broiler chicken welfare issues (Bessei,
2006; De Jong et al., 2012a). The ABM selected herein
included contact dermatitis (measured using scores of
foot-pad dermatitis, FPD, and hock burn, HB), lame-
ness (measured as gait score), human-animal relation-
ship and fear responses (measured using the avoidance
distance test, ADT, touch test, T'T, and novel object
test, NOT), and the bird’s emotional state (measured
by qualitative behavior assessment, QBA). We do not
regard this set of ABM as complete, but as a useful
system that will evolve with time.

Foot-pad dermatitis and HB are characterized by
skin lesions on the foot pads and hocks, respectively.
Severe lesions (ulcers) may be painful as such (Haslam
et al., 2006), and the lesions may become a gateway
for bacterial infections (e.g., staphylococci), thereby af-
fecting the bird’s health. Contact dermatitis is caused
by water and other chemical substances in the litter
(Shepherd and Fairchild, 2010).

Lameness is usually thought to be caused by ana-
tomical leg disorders such as long bone deformities, and
genetic selection for fast growth is known to be influen-
tial (Sgrensen et al., 1999; EFSA, 2010). However, the
etiology of leg disorders is complex, consisting of infec-
tious, noninfectious, and genetic factors (Bradshaw et
al., 2002). Selection for fast growth also influences the
incidence of cardiovascular diseases in broilers (Julian,
2004) and may thereby contribute to lameness and im-
paired gait by causing fatigue and swelling of the ex-
tremities. Several studies [e.g., McGeown et al. (1999)
or Danbury et al. (2000)] support Mench’s (2004) pro-
posal that gait disorders must be painful because of as-
sociated clinical manifestations such as inflammation,
spinal cord damage, or swelling of the joints. Lame
birds may also find it difficult to reach food and water
(Butterworth et al., 2002).

For farm animals, encounters with humans seem
to be among the potentially most frightening events,

despite centuries of domestication (Jones, 1987). Ani-
mals may perceive humans as predators, and rough or
unpredictable handling of animals can increase their
fear. A barren environment and limited contact with
humans also contribute to fearfulness (Coleman and
Hemsworth, 2010; Jones and Boissy, 2011). On the
other hand, regular and gentle handling by a familiar
person may promote a positive human-animal relation-
ship, with beneficial effects for welfare and production
(Jones and Waddington, 1992; Waiblinger et al., 2006;
Jones and Boissy, 2011). For broiler chickens, improve-
ments in first-week mortality (Cransberg et al., 2000),
growth rate (Gross and Siegel, 1980), feed conversion
ratio (Hemsworth et al., 1994), and immune response
(Zulkifli et al., 2002) have been shown.

Qualitative behavior assessment is a whole-animal
approach that assesses the expressive quality of animal
behavior, using terms such as calm, agitated, confident,
or drowsy. Multivariate statistical analysis is used to
describe patterns of expression in individual animals
or animals in groups, with the aim of generally char-
acterizing the animals’ quality of life (Wemelsfelder,
2007). Qualitative behavior assessment has shown good
interobserver agreement at farm level in pigs, cattle,
and poultry (Wemelsfelder et al., 2009; Wemelsfelder
and Millard, 2009; Andreasen et al., 2013). There is not
always agreement when terms are analyzed separately
(Bokkers et al., 2012), which is why multivariate analy-
sis is generally used to reduce such variability, focusing
on underlying patterns of expression (Temple et al.,
2011). The biological validity of QBA is supported by
studies that found QBA outcomes to be significantly as-
sociated with physiological indicators of stress in cattle,
sheep, and pigs (Stockman et al., 2011; Rutherford et
al., 2012; Wickham et al., 2012; Stockman et al., 2013).

The ABM mentioned above have been used in sev-
eral previous studies, but to the best of our knowledge,
most reports on risk factors for broiler welfare focus
on just 1 or 2, often related, ABM: contact dermatitis:
Ekstrand and Carpenter (1998), Haslam et al. (2007),
Allain et al. (2009); lameness: Knowles et al. (2008);
human-animal interactions: Hemsworth et al. (1994);
Zulkifli et al. (2002), or on RBM [e.g., stocking den-
sity: Dawkins et al. (2004)]. A set of both ABM and
RBM that was deliberately diverse, as in Sanotra et al.
(2002), has rarely been used.

The main objectives of the present study were 1) to
identify potential determinants of poor welfare (risk fac-
tors) in commercial flocks of broiler chickens by investi-
gating the associations between selected RBM, such as
litter quality, duration of dark period, and ABM such
as foot pad dermatitis and lameness, and 2) to establish
the likely breadth of effect by determining the range of
animal welfare indicators associated with each of the
identified resource-based risk factors (i.e., the number
of ABM related to a specific RBM). Risk factors are
judged to have a broad spectrum if they are associ-
ated with several ABM and if these ABM are relatively
weakly related.
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Rather than defining a prediction model that could
be used to estimate the risk for poor welfare on an in-
dividual farm, the current sample size limits our analy-
sis to the identification of relationships between the
variables. Although this study is not a risk assessment
(EFSA, 2012a), its results may contribute to the iden-
tification of hazards for broiler welfare in traditional
intensive production systems.

MATERIALS AND METHODS

Computations were carried out using the SAS pack-
age (version 9.2, SAS Institute Inc., Cary, NC) if not
stated otherwise.

Subjects and Data Collection

In a cross-sectional type study, 89 traditional inten-
sive, indoor-reared, broiler chicken flocks were inspect-
ed between 2007 and 2009. Of these, 16, 19, 36, and 18
flocks were located in France, the United Kingdom, the
Netherlands, and Italy, respectively. Most farms were
visited during spring and summer, participation was
voluntary, and for each farm one flock was inspected on
a single occasion in the week before slaughter. Twelve
assessors collected the data, 2 in France and the United
Kingdom, and 4 in the Netherlands and Italy, respec-
tively. All assessors were trained within the Welfare
Quality project.

Data were collected by means of a farmer question-
naire and an on-farm inspection protocol: the variables
recorded are shown in Tables 1 and 2. The ABM were
measured in situ using a test order of, first, QBA, and
second, NOT/TT/ADT carried out as a set of tests at
3 different locations. After a 30-min pause, FPD/HB/
gait scores were recorded, also as a set (of tests) at 10
different locations within the house to ensure that a
cross-sectional sample of the flock was assessed. The
same birds were scored for FPD and HB, while a new
group of birds was penned for gait scoring. Testing or
scoring the same bird twice was avoided by systemati-
cally moving through the house during the assessment.
Data on age, BW, and mortality were obtained from
the farmers’ records. If necessary, BW on the day of
visit was calculated using interpolation from the known
weight records. The FPD, HB and gait score were mea-
sured as categorical variables at bird level, but they
were analyzed as continuous variables at flock level,
presented as the sum of birds (in percentage of the
flock) with scores regarded to represent compromised
welfare. Mortality rate was calculated as the sum of
collected dead and culled birds until the day of the vis-
it—expressed as a percentage of the number of chicks
placed at d 1. To allow comparison between farms and
flocks sampled at slightly different ages, this mortality
rate was then linearly transformed (standardized) to
percent mortality until 42 d of age.

Assessment of Fear of Humans
and Negative Emotional State

In the ADT, an individual bird is approached by the
assessor with a speed of 1 s per step, starting at a dis-
tance of 1.5 m. At the moment the bird withdraws, the
distance between human and bird is measured. Twenty-
one birds per farm were tested in this way (Graml et
al., 2008).

In the TT, the assessor approaches a group of at
least 3 birds and then squats. This person then tries to
touch 3 individual birds within arm length (one trial).
The test is finished after 21 birds have been touched or
after 21 trials (Graml et al., 2008). The outcome is re-
corded as the percentage of birds that could actually be
touched. The percentage is used to correct for different
stocking densities between flocks.

In the NOT, a novel object (50 x 2.5 cm tube cov-
ered with 3.3-cm-wide rings in green, white, red, black,
and blue) is placed in the litter area. Scan samples
are taken at 30-s intervals over a 2-min period and
the numbers of birds within one bird length of the ob-
ject are recorded. Three tests were conducted per flock
(Forkman et al., 2009).

In QBA, the assessor registers the body language of
broilers by observation of the expressive quality of the
birds’ activity at flock level for a duration of 20 min
(Welfare Quality, 2009). Twenty-three descriptors (ac-
tive, relaxed, helpless, comfortable, fearful, agitated,
confident, depressed, calm, content, tense, inquisitive,
unsure, energetic, frustrated, bored, friendly, positively
occupied, scared, drowsy, playful, nervous, stressed)
were scored at the end of the observation period us-
ing a visual analog scale. The scale was a 12.5-cm-long
line, one for each descriptor, with the minimum and
maximum expressions at each end, respectively. Each
descriptor was scored by placing a cross along the line,
and the score was registered by measuring the distance
between the minimum end and the cross, in centimeters.
The number of descriptors was subsequently reduced
by means of principal component analysis. The first 2
principal components were used as the QBA measures
for that flock in the subsequent risk factor analysis.

Exclusion of Variables

To avoid collinearity in the regression models, 3 input
variables were excluded from the risk factor analysis,
due to strong correlations: thinned (i.e., the flock is
not removed from the house for slaughter as a whole
but in 2 or 3 batches over a period of days or weeks, to
allow the remaining birds to become heavier) and BW
were excluded because they were both correlated with
age. Stocking density, birds per meter?, was excluded
because it was correlated with stocking density, kg/m?
(DensKG). Because age affects BW, but BW does not
affect age, we thought it more appropriate to exclude
the variable BW than age. This means that the remain-
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Table 1. Characteristics of the flocks: bird-based measures

Variable! Unit n Mean? Q50° Q53 Q5°
Flock age d 88 38.6 41.0 29.0 47.0
BW (day of visit; estimate, based on farm data) kg 88 1.93 2.01 1.23 2.51
Mortality (dead and culled birds, transformed to until 42 d of age) % 89 3.6 3.1 1.4 6.8
Foot pad dermatitis®® (birds with moderate or severe skin lesions) % 89 37.3 33.0 1.0 91.0
Hock burn®S (birds with moderate or severe skin lesions) % 89 7.9 2.0 0.0 41.0
Lameness’ (lame birds, i.e., gait score 3 or above) % 89 15.6 11.2 0.5 52.0
Avoidance distance test® (distance between human and bird) cm 89 68 71 18 122
Touch test? (touched birds), absolute values n 89 1.4 0.9 0.1 4.3
Touch test? (touched birds). 100% = no. of birds that would be within 1/2 circle % 88 5.6 3.5 0.2 19.7

with a radius of 1 m (arm’s reach) if evenly spread in the house, calculated
from stocking density
Novel object test,'” birds close to the object n 89 2.1 1.5 0.1 6.9
Novel object test,!9 birds close to the object. 100% = no. of birds that would be % 88 49.8 31.1 1.6 175.9
within a circle with a radius of 30 cm (bird’s length) if evenly spread in the
house, calculated from stocking density
Qualitative behavior assessment!! (weighted sum of values per flock)
First principal component Score 88 —0.1 0.4 —4.7 2.7
Second principal component Score 88 -0.3 —0.1 —4.2 3.0

Hf not specified, data were gathered at or until the day of assessment.

2Unweighted mean (i.e., each flock contributes equally, independent of flock size).

3Quantile (percent).

4Based on a sample of 100 birds /flock, 10 birds picked at 10 locations.

5At bird level: 4 classes. Score 0: no lesion, 1: very small and superficial lesion, 2: mild lesion, 3: moderate or severe lesions (Arnould et al., 2009).
At flock level: percent of birds with score 3.

6At bird level: 3 classes. Score 0: no lesion, 1: very small or mild lesion, 2: moderate or severe lesions (Arnould et al., 2009). At flock level: percent-

age of birds with score 2.
TAt bird level: 6 classes. 0: normal, dextrous, and agile, 1: slight gait abnormality, but difficult to define, 2: definite and identifiable abnormality, 3:
obvious abnormality, affects the ability to move, 4: severe abnormality, only takes a few steps, 5: incapable of walking (Kestin et al., 1992). At flock

level: percent of birds with score 3 or above. Sample size: 250 birds/flock.

8An individual bird is approached with a speed of 1 s per step, starting at a distance of 1.5 m. At the moment when the bird withdraws, the distance
between human and bird is measured. Twenty-one birds, mean distance (Graml et al., 2008).

9An assessor approaches a group of at least 3 birds and then squats. This stationary, squatting person tries to touch 3 individual birds within arm
length (1 trial). The outcome is the number of birds touched. The test is finished after 21 birds have been touched or after 21 trials. Mean no. of birds
touched per trial (Graml et al., 2008).

10A novel object is placed in the litter area (tube, 50 x 2.5 c¢m, covered with 3.3-cm rings in green, white, red, black and blue). Birds within one
bird-length of the object are scan sampled, at 30-s intervals over a 2-min period. Three tests per flock. Mean no. of birds counted per scan (Forkman
et al., 2009).

1 Assessment of the body language of broilers by observation of the expressive quality of the birds’ activity at flock level, for a duration of 15 min
(Welfare Quality, 2009). Twenty-three descriptors (active, relaxed, helpless, comfortable, fearful, agitated, confident, depressed, calm, content, tense,
inquisitive, unsure, energetic, frustrated, bored, friendly, positively occupied, scared, drowsy, playful, nervous, stressed) were scored at the end of the
observation period using a visual analog scale. The number of descriptors was subsequently reduced by means of principal component analysis. The

first and second principal component were used as the qualitative behavior assessment measure for that flock in subsequent risk factor analysis.

ing variable age may also represent the effects of BW
or thinning in the regression model, and that age, BW,
and thinning effects cannot be shown separately in this
study.

We decided not to include growth rate (a function of
BW and age) as a potential risk factor in the regression
models, because one objective was to identify RBM as-
sociated with the ABM investigated as welfare indica-
tors in the present study. Although growth rate can be
modified by flock management, its inclusion in the re-
gression model would have reduced the magnitude and
statistical significance of the regression coefficients for
other RBM because statistical associations favor direct
over indirect causes (Dohoo et al., 2009).

Variable Preselection

A rule of thumb for this type of study is that at least
10 to 15 flocks are desirable per potential risk factor
(Stevens, 2009). Ten RBM were selected for analysis

here based on their plausible biological association with
the main welfare problems. Atmospheric ammonia and
number of different stockmen working with the flock
(stockmen, i.e., 1 or >1) were binary variables, whereas
flock age (age), DensKG, dark period at 3 wk of age
(DARKS3), light intensity, daily time spent by farmer
for flock observation, litter quality (litter), flock size
(at day of visit), and number of birds on the farm site
(whole farm) were all continuous variables. To limit
the number of input variables in the regression models,
interactions between RBM (interaction terms) were not
selected.

Missing Values

Missing values constituted 2% of the prepared data
set. Seventeen missing values were found among the in-
dependent variables, 2 among the dependent variables.
To use as many observations as possible and to have a
comparable number of observations (n) per test during
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Table 2. Characteristics of the flocks: resource-based measures

Variable! Unit n Mean? Q50° Q53 Q5°
Stocking density, birds/m? birds/m? 88 16.5 16.8 9.4 22.5
Stocking density, kg/m? kg/m? 87 31.1 30.7 17.7 48.1
Dark period at 3 wk of age h/d 88 2.7 2.0 0.0 6.5
Light intensity,* 30 cm above the ground (mean of 3 locations) lux 87 14 8 1 42
Observation time by stockperson(s), per flock min/d 86 94 70 30 195
Litter quality® (mean score from 10 locations; 5 classes, 1-5) Score 89 2.9 3.0 14 4.5
Flock size (no. of birds placed) kbirds® n 89 20.07 20.02 7.28 34.75
Birds on farm site kbirds, n 86 121.8 97.5 19.9 352.0
Dichotomous variables 0/1 n Frequency, 0 vs. 1

Air ammonia, estimated concentration (</>20 mg/kg per m?) Low /high 89 66: 23

Number of different persons taking care of the flock (1 or >1 person) 1/>1 85 39: 46

Thinned (i.e., a portion of the flock was removed before the visit)” N/Y 89 34: 55

Categorical variables n Frequency, as indicated
Genotype (Ross 308: Cobb: other or mixed Ross and Cobb) 87 68: 8: 11

Bedding material (wood shavings: chopped straw: other) 89 53: 21: 15

ITf not specified, data were gathered at or until the day of assessment.

2Unweighted mean (i.e., each flock contributes equally, independent of flock size).

3Q = quantile (percent).

43 measurements per location: sensor facing upward and 90° to the left and right, respectively.

51: free flowing/crumbly, no capping in any area, 2: very slight capping just visible but mostly friable, 3: access to friable litter partially reduced
(approximately 50%), 4: most areas capped but litter still friable in small areas, 5: extensive capping/crusting or compaction with access to friable

litter negligible (Tucker and Walker, 1992).
Okbirds = thousand birds.

"The flock is not removed from the house for slaughter as a whole but in 2 or 3 batches over a period of days or weeks, to allow the remaining birds

to become heavier.

regression model building, missing values of both con-
tinuous and categorical variables were imputed (multi-
ple imputation, m = 5). The imputations were obtained
by fitting a sequence of regression models and drawing
values from the corresponding predictive distributions,
using the software IVEware version 0.2 (Raghunathan
et al., 2001; IVEware, 2011). Variables included in the
imputation models (i.e., the models used to calculate
replacements for the missing values) were as follows:
all 10 RBM selected after data set preparation, and all
ABM used, plus BW and mortality.

Risk Factor Analysis

The risk factor analysis was based on multiple linear
regression. One regression model was built indepen-
dently for each ABM. The initial linear model for each
ABM, containing all 10 preselected variables (RBM),
was checked for collinearity by calculating the variance
inflation factors. The residuals were checked visually
for normality, linearity, and equal variances. The FPD,
HB, lameness, and NOT scores were log(10)-trans-
formed to better meet the assumption of equal vari-
ances. The Pearson product moment correlation coef-
ficient was calculated for RBM that were suspected to
be highly correlated.

Following variable preselection, data transforma-
tion, and imputation, multiple linear regression mod-
els were built for each ABM, using manual backward
elimination. The least significant input variable was
eliminated first and that process was continued with
the least significant variable in the model eliminated in
each step until a preliminary model was obtained with
only significant input variables. The input variable age

was forced into each model because we could not visit
all flocks at the same age and we wanted to have any
association found between a RBM and an ABM cor-
rected for a possible age effect. The significant input
variables were regarded as risk factors. To account for
the number of statistical tests performed on the data
a a-level of 0.007 was chosen ad hoc for inclusion of
original input variables. Confounding was tested by re-
entering all nonsignificant input variables one by one
into the preliminary model. Confounding was regarded
present if regression coefficients of any of the risk fac-
tors then changed by 20% or more. The effect of litter
quality on FPD and HB was confounded by DARKS3: a
longer DARK3 was associated with poorer litter. The
effects of age on ADT and the effect of DARK3 on TT
were confounded by litter: increasing age was associ-
ated with poorer litter. The effect of age on QBA-pcl
(see Results/QBA Results) was confounded by Den-
sKG, which was positively correlated with age.

Magnitude of the Potential Effects
of the Risk Factors

It is not possible to objectively rank the input vari-
ables (RBM) according to their importance for the re-
sponse variable (ABM), because of their differences in
nature and the ways they have been measured (e.g., in
kilograms, days, or scores). However, to get a feeling
for the magnitude of the potential effect of each indi-
vidual RBM on each ABM, we simulated flocks where
one RBM, the one whose magnitude of effect was under
investigation, was given specific high and low values
that appeared to be realistic for commercial farms. The
values for all other RBM in the model were held fixed.
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Using the multiple regression models built earlier for
risk factor analysis, the response of each ABM was cal-
culated for 3 scenarios (except in the case of binary
scoring systems, where only 2 scenarios were possible):
1) The risk factor in question takes the values of its 5%
quantile, 2) its 50% quantile, and 3) its 95% quantile,
with all other input variables of the regression model
held constant at their median values. The difference be-
tween the respective responses was then used to judge
the magnitude of the risk factor’s potential effect.

Associations Between ABM

A common factor analysis with varimax rotation was
used to investigate associations between ABM. The re-
sults were then compared with those obtained with a
promax rotation. Both rotations aim for the original
variables (the ABM) to load high on one of the factors
and low on the rest (so-called simple structure). There-
by, varimax maintains the orthogonal (uncorrelated)
nature of the factors, whereas promax allows correla-
tion. The latter may a) be closer to reality and b) make
it easier to obtain simple structure. The first 2 factors
with eigenvalues >1 were retained.

Pearson coefficients of correlation were calculated for
TT, ADT, lameness, and FPD to check for any poten-
tial bias in the risk factor analysis.

Spectrum of Each Risk Factor

After identifying risk factors for each ABM with re-
gression analysis, we then grouped the ABM by risk
factor and counted how many ABM were associated
with a given risk factor. Simultaneously, the results of
the factor analysis revealed any significant associations
between the ABM: variables with high positive or high
negative coefficients for a particular factor in the fac-
tor analysis are statistically associated [e.g., ADT and
TT, and hock burn and lameness are associated (see
Results)]. Exploring the results of regression analysis
and factor analysis together allowed us to characterize
each risk factor’s range of potential effects with regard
to animal welfare measures. Risk factors were judged to
have a broad spectrum if they met both of the following
criteria: 1) they are associated with several ABM, and
2) these ABM are statistically weakly associated. Thus,
a risk factor with a broad spectrum of effects is associ-
ated with several ABM that do not otherwise appear to
be correlated with each other.

RESULTS

General Observations

Characteristics of the flocks are presented in Tables
1 and 2. Mean flock age on the day of visit was 38.6
d (5% quantile: 29.0-95% quantile: 47.0); mean BW
was 1.93 kg (1.23-2.51); mean DensKG was 31.1 kg/

m? (17.7-48.1) and mean flock size (number of chicks
placed) was 20,100 birds (7,300-34,800). Mean and me-
dian dark periods at 3 wk of age were 2.7 and 2.0 h,
respectively (0.0-6.5). On the day of visit the mean
and median light intensities measured 30 cm above the
ground were 14 and 8 Ix, respectively; mean prevalence
of moderate or severe foot pad dermatitis was 37.3%
(1-91) and mean prevalence of lameness (gait score 3
and above) was 15.6% (0.5-52). Mean calculated mor-
tality until 42 d of age was 3.6% (1.4-6.8).

QBA Results

Principal component analysis of the 23 QBA vari-
ables reveals 2 main principal components, explaining
25.2 and 18.1% of the variation between flocks, respec-
tively. The first component (QBA-pcl) is associated
with variables that range from calm and relaxed at
the positive end, to agitated, unsure, tense, and ner-
vous at the negative end, and also at the negative end,
but at a lower level, inquisitive, playful, and energetic.
The second component (QBA-pc2) is associated with
variables ranging from content, positively occupied, en-
ergetic, and confident at the positive end to helpless,
drowsy, bored, and depressed at the negative end. Ta-
ble 3 shows the first 2 principal components and their
coefficients.

Final Regression Models

Table 4 shows the final linear regression models for
FPD, HB, lameness, TT, ADT, and QBA results. The
R? of the final regression models ranged from 0.11 to
0.66. Litter was identified as a risk factor for FPD and
HB; DARKS3 was identified for lameness, TT, QBA-
pcl, and QBA-pc2; and stockmen was a risk factor for
QBA-pcl. Age, the variable forced into each model,
had P-values <0.007 (the chosen level for o) only in the
preliminary models for lameness and ADT, and adding
litter as a confounder to the ADT-model increased the
P-value above 0.007. Also the P-values of DARK (TT)
and stockmen (QBA-pcl) increased due to confound-
ers. None of the RBM contributed significantly to the
model for the results of the NOT.

The sample distributions of DARKS, litter, and BW
are presented in Figures 1, 2, and 3, respectively, to il-
lustrate the bases for our identification of the predomi-
nant risk factors.

Magnitude of the Potential Effects
of the Risk Factors

Table 5 shows the estimated effects on ABM out-
comes of specific changes in the risk factors. The sce-
narios with simulated flocks with high or low values
for the risk factor in question resulted in the following
estimates: lameness (% birds with a gait score 3 and
above) is estimated to increase from 2.0% (95% CI:
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Table 3. Principal component analysis of qualitative behavior
assessment (QBA) results: the first 2 principal components and
their coefficients

Principal component

(pc)
Ttem pcl pc 2
Variable (descriptor)
Active —0.13 0.22%*
Relaxed 0.11 0.08
Helpless —0.14 —0.29*
Comfortable 0.03 0.18
Fearful —0.26* —0.03
Agitated —0.34* 0.05
Confident —0.06 0.29%
Depressed —0.17 —0.25*
Calm 0.17 —0.02
Content —0.02 0.33%*
Tense —0.32%* —0.05
Inquisitive —0.25* 0.15
Unsure —0.33* —0.03
Energetic —0.21 0.31%
Frustrated —0.22%* —0.19
Bored —0.17 —0.26*
Friendly 0.00 0.19
Positively occupied —0.17 0.32%
Scared —0.30* —0.02
Drowsy —0.09 —0.27*
Playful —0.21 0.28*
Nervous —0.32* 0.01
Stressed —0.20 —0.23*
Eigenvalues 5.78 4.16
Variance explained (%) 25.2 18.1

*Coefficients beyond 0.21 (£) reflect a considerable positive/negative
relationship between the principal component and the original variable
(e.g., agitated and unsure have relatively high loadings on pc 1, content
and helpless have relatively high loadings on pc 2). The limit for deciding
that a variable contributes considerably was that no variable should load
positively /negatively on more than 1 principal component.

0.1-11.0) at age 29 d (29 d being the 5% quantile of the
sample) to 31.2% (6.6-100) at age 47 d (47 d being the
95% quantile of the sample). The CI given here and be-
low include the variations associated with the scenarios
(prediction interval; Dohoo et al., 2009).

Further, an increase of DARKS3 from 0.0 h (5% quan-
tile) to 6.5 h (95% quantile) is estimated to be associat-
ed with a reduction in the prevalence of lameness from
16.9 to 7.4% or, for the same interval (0.0-6.5 h), twice
as many birds are estimated to be touched in a TT.
Also for the same increase in DARK3, QBA-pcl would
decrease by 2.03 units (a 20% shift across the sample in
relation to the minimum and maximum values, —6 and
+4), whereas the value of QBA-pc2 would rise by 1.74
units (a 17% shift).

A deterioration of litter from a mean score of 1.4 (5%
quantile) to 4.5 (95% quantile) is estimated to be as-
sociated with an increased prevalence of FPD from 10.5
(95% CI 0.4-100) to 56.4% (4.1-100) and of hock burn
from 0.2 (0.0-10.6) to 12.2% (0.3-100).

Having more than one stockman working with the
flock is estimated to be associated with a decreased
value of QBA-pcl from 0.71 (95% CI —3.54-4.97) to
—0.58 (—4.83-3.67), a 13% shift across the population.

Associations Between ABM

Originally, all ABM were included in the factor anal-
ysis. The QBA-pc2 was omitted from the final factor
analysis because of its low Kaiser’s measure of sam-
pling adequacy value (MSA, 0.35). After its exclusion,
overall MSA was 0.61. Two factors with eigenvalues
>1 were retained: factor 1 explained 22.2% of the total
variance, factor 2 18.3%. These factors were interpreted
as representing the following latent structures in the
data: factor 1 as behavior related to fear tests (fear of
a human and of a novel object), and factor 2 as health
related to legs and feet and to a lesser extent to emo-
tional state (QBA-pcl). Table 6 shows the coefficients
of the first 2 factors after varimax rotation. The factor
pattern after a promax rotation was similar, indicat-
ing that the results of the factor analysis are relatively
robust.

Pearson correlation coefficients were found between
lameness and TT (n = 88) 0.10 (P = 0.341), and be-
tween lameness and ADT (n = 89) —0.24 (P = 0.025).
The correlation coefficients between FPD and TT or
ADT were both below 0.2 (P > 0.14).

Spectrum of Each Risk Factor

The ABM associated with the risk factor litter [i.e.,
FPD and HB (Table 4)] were clearly correlated: load-
ings on factor 1 are 0.54 and 0.75, respectively (Table
6). The ABM associated with the risk factor DARK3
[i.e., lameness, human-animal relationship (TT), and
QBA-pcl (Table 4)] as well as the ABM associated
with the risk factor age [i.e., lameness and human-ani-
mal relationship (ADT, Table 4)] were only weakly cor-
related: loadings on factor 1 and factor 2, respectively,
are for lameness 0.26 (0.55), for QBA-pcl —0.16 (0.32),
and for TT and ADT 0.80 (0.05) and —0.78 (—0.09),
respectively (Table 6).

DISCUSSION

General Synopsis

Of the selected resource-based measures, litter,
DARKS3, and age were the numerically predominant
risk factors. With decreasing litter quality, the prev-
alence of contact dermatitis increased. With longer
DARKS3, lameness and fear of humans (TT) decreased,
and with increasing age, the prevalence of lameness in-
creased while fear of humans decreased (ADT). The as-
sociation between DARK3 and QBA is discussed below.

Some ABM varied considerably across the flocks
studied (e.g., the 5 and the 95% quantile for the num-
ber of birds with foot pad dermatitis were 1 and 91% in
a flock, respectively, and for the number of lame birds
0.5 and 52% in a flock). The estimated effects on the
ABM of specific changes in the risk factors identified
here (the magnitude of their potential effect) seems suf-
ficiently large to enable manipulation of the risk factors
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Flock number, after sorting by length of dark period (n=89)
(The first 22 flocks had continuous light, i.e., zero dark hours)

Figure 1. Sample distribution of length of dark period at 3 wk of age.

to improve the outcomes of the ABM and hence the
birds’ welfare status. But, because we focused only on
fast-growing broilers in traditional-intensive production
systems, these results do not necessarily challenge the
conclusion of EFSA (2012b) that animal husbandry op-
tions to prevent the negative side effects of genetic se-

lection for fast BW gain (metabolic and cardiovascular
diseases) are limited.

Measures of hock lesions and legs twisted outward at
the intertarsal joint were positively correlated with lit-
ter moisture in an earlier study (Dawkins et al., 2004),
but the duration of dark period (measured during the

Litter quality (mean score)

T T T

20 30 40

10

T T T T 1

50 60 70 80 90

Flock number, after sorting by litter quality (n=89)

Figure 2. Sample distribution of litter quality at day of visit. The scale for litter quality ranged from 1: free flowing/crumbly, no capping in
any area to 5: extensive capping/crusting or compaction with access to friable litter negligible (Tucker and Walker, 1992).
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Figure 3. Sample distribution of BW (flock mean) at the day of visit.

last days of production) was not identified as a risk
factor. Because the present study recorded dark period
at 3 wk and because the lighting pattern may change
considerably within a growing cycle (Prescott et al.,
2004), it is difficult to compare our findings with those
of Dawkins et al. (2004).

Finally, because statistical methods alone cannot es-
tablish proof of a causal relationship in any association,
the present study cannot provide firm evidence regard-
ing causal effects.

Associations Between ABM, Spectrum
of Each Risk Factor

The finding that the RBM DARKS3 and age were
each associated with several ABM, which in turn were
only weakly associated, suggests that the range of ef-
fects of these particular RBM is broad. The biologi-
cal effect(s) of the risk factors may be systemic [i.e.,
relating to the organism as a whole (as opposed to
local health effects)]. Indeed, a light-dark rhythm is
one of the major stimuli controlling the birds’ diurnal
rhythms. It affects, among other things, hormonal cy-
cles, body temperature, and behavior (Takahashi et al.,
1968; Cain and Wilson, 1974; Blatchford et al., 2009).
Broilers can rest and sleep during light periods, but a
dark period offers them a more distinct period of rest
as well as probably reducing disturbance by other birds
(Coenen et al., 1988; Martrenchar et al., 1997; Alvino
et al., 2009). Although the overall function of sleep is
still under debate it has been linked to muscle growth,
bone mineralization, tissue repair, protein synthesis,
and growth hormone release (Blokhuis, 1983; Russell et
al., 1984; Pitman and Waddell, 2009). These effects of

light-dark rhythm and sleep may explain how the dura-
tion of the dark period can affect different ABM that
are otherwise not correlated.

Because our data set includes dark periods ranging
from near-continuous light (used in several farms) to 6
h darkness, it enabled us to investigate the potential ef-
fects of changes within that range. Our results indicate
that an increased dark period has relevant advantages
for broiler welfare, and thereby support the require-
ments of the current EU broiler directive 2007/43/EC,
instigated in 2010, which specifies a minimum of 6 h
dark per day for most of the rearing period.

The ABM associated with litter (i.e., foot-pad der-
matitis and hock burn) are clearly correlated. This is to
be expected because FPD and HB are manifestations
of the same condition, contact dermatitis, and have a
common direct cause [i.e., poor litter quality (Shepherd
and Fairchild, 2010)].

Dark Period and Litter Quality

We speculate that the negative correlation found
between length of dark period and litter quality (see
Materials and Methods/Risk Factor Analysis) reflects
reduced bird activity. Birds mainly rest during dark
periods (Calvet et al., 2009), thereby compacting the
litter rather than working it. This effect is likely to be
more pronounced with increasing bird age, as they be-
come physically less active and produce more manure
(Bokkers and Koene, 2003; Baeza et al., 2012). A de-
creased prevalence of FPD with increasing day length
(Sgrensen et al., 1999) supports this hypothesis. On the
other hand, we found a trend toward a lower prevalence
of FPD and HB with decreasing day length, despite
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deteriorating litter quality. This raises the question of
whether some beneficial effects of a dark period for
FPD may compensate for the accompanying deteriora-
tion of litter quality.

Dark Period and Lameness

It is generally agreed that a dark period is beneficial
for broilers” walking ability (Wilson et al., 1984; Clas-
sen and Riddell, 1989; Mgller et al., 1999; Knowles et
al., 2008) for several likely reasons:

a) Birds given a dark period are physically more
active during the light period than are birds kept
under near-continuous light (Schwean-Lardner et
al., 2012). Physical activity supports bone de-
velopment (Lanyon, 1992), so increased activity
during the light period may help reduce lameness
in broiler flocks (Reiter, 2004);

b) Bone mineralization, which peaks during the
dark period, is also sensitive to diurnal rhythm
(Russell et al., 1984); and

¢) A longer daily dark period during the first 2 wk
of life reduces feed intake and (muscle) growth
rate, thereby allowing the skeletal system more
time to develop (SCAHW, 2000; Berg, 2004).

Body weight, growth rate, and age are major deter-
minants for lameness (Kestin et al., 2001; Bokkers
and Koene, 2003; Kristensen et al., 2006; Baeza et al.,
2012), and as explained earlier, these 3 determinants
are correlated (see Materials and Methods/Exclusion of
Variables). However, including the variable age in our
regression model for lameness corrected the regression
coefficient of DARKS3 (the regression coefficient quanti-
fies the “effect” of DARK3 on lameness) for any influ-
ence of age. Therefore, the estimated effect of DARK3,
as quantified in our regression equation, may also be
regarded as independent of BW or growth rate.

Dark Period and Human-Animal
Relationship

The TT is thought to measure the quality of the
human-animal interaction (Graml et al., 2008). In the
present study, a longer dark period is associated with
a larger number of birds remaining within arm’s reach
when touched. Longer dark periods are associated with
decreased stress responses (Zulkifli et al., 1998) and
fear of humans (Jones and Faure, 1981; Jones and Wad-
dington, 1992). This may explain why it was easier to
touch broilers in flocks with longer dark periods.

Age was the only risk factor for ADT in our study.
Broilers become physically less active with increas-
ing age and BW (Bokkers and Koene, 2003). Age was
also a risk factor for lameness and Weeks et al. (2000)
showed how lameness affected the broilers’” motivation
to walk. This suggests that heavier, less agile birds wait

longer before turning away from an approaching human
because they find it difficult to move. Indeed, some
assessors’ practical experience during the farm visits
raised the question of whether the results of TT and
ADT may be biased by lameness, FPD, or crowding,
factors that may prevent the birds from moving freely.
Furthermore, I. C. De Jong (personal communication)
found a positive correlation between the percentage
of lame birds and the number of birds that could be
touched in a TT. However, our present data do not
show any association patterns: the coefficients of cor-
relation between FPD /lameness and TT/ADT are low
and DensKG was not identified as a risk factor. We do
not doubt that it should be easier to approach lame
birds, but our findings that a longer dark period is as-
sociated with reduced lameness but also with increased
TT counts suggests that in our data set there are other
variables than lameness that influenced the results of
the approach tests.

Dark Period and QBA

A longer dark period was statistically associated with
flocks appearing more content, positively occupied, and
energetic (higher values of QBA-pc2). This accords well
with reports that a dark period increases the birds’
physical activity during light (Schwean-Lardner et al.,
2012). Other positive associations herein were that
more birds could be touched (TT) and that lameness
was reduced when the dark period was longer. How-
ever, the association between length of dark period and
QBA-pcl was negative, suggesting that the flocks were
more agitated, unsure, tense, and nervous, and even
scared and fearful, which certainly does not fit well
with the picture drawn above.

A possible explanation might lie in the nature of
the principal components. They are characterized by
descriptors with highest and lowest loadings, and are
often labeled by only 1 or 2 terms (e.g., a stress fac-
tor). Such labels may make it easier to report observa-
tions, but they are at risk of covering up a more subtle
and complex picture. For example, the negative side of
QBA-pcl comprises not only descriptors such as agitat-
ed, nervous, scared, tense, and fearful, but also, though
with somewhat lower loadings, inquisitive, playful, and
energetic. Thus, the same flocks seem to have shown
both agitated/fearful and inquisitive/playful patterns
of expression. A similar concurrence of expressive pat-
terns was found in laboratory rodents in response to en-
vironmental enrichment (Carlstead and Shepherdson,
1994; McQuaid et al., 2012). We hypothesize that the
seemingly contradictory outcomes (the same flock scor-
ing high on agitated/fearful and inquisitive/playful) are
2 sides of the same coin: both express greater respon-
sivity, or in other words, greater arousal or liveliness
in interaction with the environment. What this means
for the birds’ well-being is not immediately clear. And
as the percentage of variation explained by QBA-pcl
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Stockmen?
(0/1)

4.51

Q95
~3.33

(h)
3.26

Q50
—4.50

Dark period?

—5.05
2.75

Q95

Litter quality?
(score)
Q50

RBM
Q5

Q95

Stocking df:nsity
(kg/m?)

Q5

—4.78
3.05

Q95

(d)
3.26

Q50
450

Flock age

—4.05
3.81

IInput variables (RBM) listed horizontally; risk factor values are boldfaced. ABM listed vertically.
2Mean score, 5 classes: 1 = free flowing/crumbly; 5 = extensive capping/crusting or compaction.

3At 21 d of age.
INumber of different stockmen working with the flock. Two classes: 1 or >1 stockmen.

5Q = quantile (%).

Table 5 (Continued). Responses of animal-based measures (ABM) to specific changes in risk factors!
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(25.2) is relatively low, the results should not be over-
interpreted.

In summary, due to the complex nature of the prin-
cipal components, which reflect the complex nature of
animal behavior itself, it is not self-evident that a de-
crease in the QBA-pcl score means any deterioration of
welfare. Interpretation of the QBA-pc2 in this respect
is much more straightforward, which is why it is the
only one included in the Welfare Quality assessment
protocol. Taking QBA-pcl into account as we have
done here provides additional information on the birds’
state and should help inform this discussion.

Sample Size and Quality

According to Cohen (1992), sample sizes required for
the sort of multiple regression analysis used here range
from n < 50 for models with a coefficient of determina-
tion (R?) around 0.60 (cf lameness model) to n = 100
to 150 for models with R? = 0.13 (cf QBA-pcl model).
This means that a larger sample size than the 89 flocks
used here would be desirable to detect smaller effects
and reject any false null hypothesis in the present mod-
els.

Our flocks were neither systematically nor randomly
selected. Because the flocks could only be assessed with
the farmers’ permission and most visits were done dur-
ing spring and summer, our sample may be biased to-
ward flocks with above-average welfare status.

Comparing our gait score results with those of 2 ma-
jor studies (Dawkins et al., 2004; Knowles et al., 2008)
supports this suggestion because they reported 26 and
28% lame birds, respectively, whereas we found an aver-
age of 16% at a comparable age. Furthermore, Haslam
et al. (2007) and De Jong et al. (2012b) found moder-
ate or severe FPD lesions in 11 and 65% of the birds,
respectively, whereas we found 37%. To the best of our
knowledge there were no major or systematic differ-
ences between our study and those mentioned above in
flock age, stocking density, flock size, dark period, litter
type, thinning, or number of stockpersons. The consid-
erable variation in scores across flocks in our study and
in those mentioned above may imply that our sample is
fairly representative even though it might contain rela-
tively few farms with severe welfare problems.

Animal Welfare Implications
and Conclusions

It appears likely that there is scope for enhancing
welfare in traditional-intensive broiler production and
addressing the predominant risk factors identified in
this study (length of dark period, litter quality, and
slaughter age), may contribute to that effort.

We found that the length of dark period (range of
0 and 6 h herein) as well as age had a broad range of
estimated effects on animal-based welfare indicators.
The former finding supports the view that a sufficiently

6Based on the final linear regression models, the response of each animal based measure is estimated for 3 (binary: 2) scenarios per risk factor (predictor variable): The risk factor takes the values of its

5% (scenario 1), 50% (2), and 95% quantile (3), all other input variables of the model held constant at their medians (e.g., % of birds with foot pad dermatitis is estimated to rise from 10.5 to 56.4 when

litter score changes from 1.4 to 4.5, whereas variables of age and dark period are held constant at their medians. Earlier log-transformed data are back transformed).

"Lower /upper 95% confidence limit (prediction interval, Dohoo et al., 2009).
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Table 6. Factor analysis of animal-based measures: the first 2 factors and their coefficients after varimax rotation?

Variable (animal-based measure) Factor 1 Factor 2
Foot pad dermatitis (% of birds with moderate or severe skin lesions) —0.05 0.54
Hock burn (% of birds with moderate or severe skin lesions) 0.09 0.75
Lameness (% of birds with obvious gait abnormality, affecting the ability to move) 0.26 0.55
Avoidance distance test (the distance to which a human could approach a bird) —0.78 —0.09

Touch test (no. of birds that could be touched by the assessor) 0.80 0.05

Novel object test (no. of birds close to a novel object) 0.44 —0.06

Qualitative behavior assessment, first principal component (pc, no unit; higher values: flock appeared —0.16 0.32

calm/relaxed, lower: agitated/tense)

IFactor analysis is used to represent associations among the animal-based measures. Variables with high positive or negative coefficients for the same
factor are associated (e.g., avoidance distance test and touch test are associated, and hock burn and lameness are associated). Coefficients beyond 0.26
(£) reflect a considerable positive/negative relationship between the factor and the variable (bold typeface). The limit for deciding that a variable
contributes considerably was that no variable should load positively/negatively on more than one principal component. No unit.

long scotoperiod is an important basic requirement for
the welfare of broiler chickens. Although EU directive
2007/43/EC already requires a minimum of 6 h dark
per day, it can still be helpful to measure this factor to
assess compliance with the directive. Litter quality and
slaughter age could also be considered for estimating
the risk of poor welfare, if it can be firmly established
that these variables can contribute to a reliable predic-
tion model for broiler welfare.
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