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1 Introduction
Worldwide, more than 60 billion broiler chickens are reared and slaughtered for
meat production on a yearly basis. Poultry meat production even exceeded pork
production in 2018, with a worldwide production of more than 123 million metric
tons per year (Statistica, 2019). The majority of broiler chickens worldwide are
of a conventional, fast-growing breed and are housed in indoor systems with a
fully littered floor with either mechanical or natural ventilation (Fig. 1). Feed and
water are provided automatically and feeders and drinkers are distributed over
the house. The standard broiler house has no windows, but windows can be
present in the side walls or the roof. Depending on the local climate open-sided
houses can also be used, such as in Brazil (Federici et al., 2016) and southern
Europe (de Jong et al., 2012a). In Europe the litter is usually completely removed
in between production cycles and houses are cleaned and disinfected, but in
other countries, such as the United States, litter can be re-used (Cengiz et al.,
2011). In the major producing countries the number of broiler chickens per
house is usually between several thousands, around 30 000–50 000 chickens
per house. Stocking densities also vary between countries, for example,
in Europe in indoor systems a maximum density of 38–42 kg/m2 is a normal
http://dx.doi.org/10.19103/AS.2020.0078.10
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Figure 1 Examples of broiler production systems: indoor system without windows and
conventional fast-growing breed (upper picture), and an example of a higher welfare
system with a slow-growing breed enrichment (here: Lucerne bales in racks), a reduced
stocking density and covered outdoor range (middle and lower picture) (Pictures: Ingrid
de Jong, Wageningen Livestock Research).
© Burleigh Dodds Science Publishing Limited, 2020. All rights reserved.
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practice, according to the specifications in the EU Broiler Directive (European
Commission, 2007), although in some countries lower maximum densities
are allowed such as 30 kg/m2 in Austria and 36 kg/m2 in Sweden (European
Commission, 2016). In the United States stocking densities in conventional
systems are around 37 kg/m2 and in Brazil between 34 kg/m2 and 38 kg/m2
depending on the type of house (open-sided or tunnel-ventilated) (Vissers
et al., 2019). The light intensity in Europe should be at least 20 lux at animal
height, as defined in the Broiler Directive (European Commission, 2007), but it
can be as low as 5 lux in conventional systems in countries such as the United
States and Brazil in windowless houses (Vissers et al., 2019).
Since 2008, in Russia, the Middle East and Asia cage systems are increasingly
being used for broiler chickens (e.g. Bracke et al., 2019b). These ‘new’ cage
systems are colony cages with plastic-covered nylon floors and automated
systems for depopulation of the chickens using conveyor belts. However, the
fact that broiler chickens are still housed in battery cages designed for laying
hens, for example, in African countries cannot be ignored (Shields and Greger,
2003).
In contrast, especially in countries in Northwestern Europe, there is an
increasing demand for so-called ‘higher-welfare’ systems, resulting in an
increased use of indoor systems with lower stocking densities, environmental
enrichment and sometimes a covered veranda (Saatkamp et al., 2019; de
Jonge and van Trijp, 2014; RSPCA, 2006; Vissers et al., 2019; Bergmann et al.,
2016) (Fig. 1), free-range systems, or broiler chickens kept on pasture (usually
organic broiler production systems). Free-range houses are usually similar
to indoor production houses, but have pop holes for access to the covered
veranda (‘free-range indoor’) or outdoor range. Pasture systems usually have
smaller flock sizes and may include mobile houses (Sossidou et al., 2015).
Whereas the majority of broiler chickens in conventional indoor systems are
usually of a standard, fast-growing breed, slower-growing broiler strains are
usually housed in higher-welfare or pasture systems (Saatkamp et al., 2019;
Bergmann et al., 2016; Sossidou et al., 2015). In, for example, Sweden, these
have only been introduced recently whereas previously fast-growing broilers
were used in organic systems (Wilhelmsson et al., 2019). Slow-growing broiler
chickens are usually broiler chickens produced by slow-growing female parent
stock that are crossed with a regular or slow-growing male, resulting in a daily
growth rate of about 50 g or lower at slaughter weight (2.3–2.5 kg) (Ellen et al.,
2012; Saatkamp et al., 2019), whereas fast-growing broiler strains may have
an average daily growth rate of more than 65 g at similar slaughter weights
(Aviagen, 2019). As a consequence, similar slaughter weights are reached at
different ages, that is, around 38 days of age for fast-growing strains, and vary
between 46 and 81 days of age for slow-growing strains depending on the
daily growth rate.
© Burleigh Dodds Science Publishing Limited, 2020. All rights reserved.
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1.1 Genetic selection for growth potential and broiler welfare
There are only three large breeding companies that produce the majority of
broiler chickens worldwide. Broiler chickens have been selected intensively
for growth, feed efficiency and meat production over the past decades. This
means that they have the potential to grow to slaughter weight in a relatively
short time with a very low feed conversion rate, provided conditions to do so
are (near) optimal. For example, Zuidhof et al. (2014) showed that from 1957
to 2005, broiler growth rates have increased by over 400%, with a concurrent
50% reduction in feed conversion ratio. This means that a body weight of 2.5 kg
can be reached in just 38 days (e.g. Aviagen, 2019). Although some of these
changes have been attributed to improved housing and management, it was
estimated that 85–90% of this achievement could be attributed to genetic
selection. The intensive genetic selection, however, has also been shown to lead
to concomitant adverse effects on welfare and health, such as leg disorders,
metabolic disorders and impaired immune function (Bessei, 2006; EFSA, 2010).
This does not mean that breeding companies do not include welfare and health
improvement in their selection process. Breeding companies select for optimal
leg strength, heart and lung fitness, and against contact dermatitis, and they are
culling birds with a family record or signs of genetic abnormalities. For some
traits this has already been done for 25 years (Hiemstra and Ten Napel, 2011).
For some metabolic disorders (e.g. ascites) and some leg disorders, genetic
selection has also been successful in decreasing the prevalence (Hiemstra and
Ten Napel, 2011). However, welfare problems linked to genetic selection for
efficient growth in broiler chickens are still present, such as leg disorders and
health problems in broiler chickens, and the associated feed restriction in the
parent stock which is discussed elsewhere in this chapter (de Jong et al., 2012a;
Dawkins and Layton, 2012). It has been estimated that the relative weighting of
all welfare traits in the combined breeding goal varied from 18% to 33% across
breeding companies in 2011 (Hiemstra and Ten Napel, 2011). A more balanced
genetic selection with faster progress in welfare traits is possible (e.g. breeding
companies do have other breeds available with a lower growth potential), but
this may result in a reduction of economically more important traits (Dawkins
and Layton, 2012; Hiemstra and Ten Napel, 2011). Only if there is a change in
market requirements would breeding companies be expected to change their
selection process (Hiemstra and Ten Napel, 2011). In some regions of Europe,
the market share of slower-growing strains has substantially increased over the
past 5 years because of the change towards higher-welfare systems as a result
of increased societal pressure on the negative effects of broiler production on
animal welfare (Saatkamp et al., 2019). However, globally, these slower-growing
broiler strains in higher-welfare systems account for only a very small part of the
total broiler production volumes.
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In the next section we will first discuss some aspects of broiler behaviour
and space use. Section 3 discusses important welfare problems in broiler
production for the on-farm stage, Section 4 discusses the relationship
between growth rate and welfare of broiler chickens, and Section 5 discusses
environment and management factors affecting broiler welfare.

2 Broiler behaviour and space use
Broiler chickens are usually housed in large groups of thousands of birds, and
in both mixed and sex-separated groups. Conventional broiler chickens can
already be slaughtered at an age of 30 days (usually when thinning a flock, that
is, when removing part of the chickens from the house to be slaughtered while
the others are staying until a higher slaughter weight), whereas slower-growing
strains may reach an age of 49 to over 70 days of age (in case of organic broiler
production or Label Rouge production) (e.g. Vissers et al., 2019; Bracke et al.,
2019a). This means that these are young birds that will never become adults
(which would take around 17–20 weeks), and their behaviour will be juvenile
too, that is their sexual and agonistic behaviour will never be fully developed.
Adequate use of space may enable the full performance of natural
behaviours. However, space use in commercial broiler houses is often not
evenly distributed, with broiler chickens clustering close to the walls from the
first day of age onwards (BenSassi et al., 2019a; Leone and Estevez, 2008a). This
can be due to their preference to seek protection from perceived predation
both from the walls and conspecifics while resting, but it may increase the
risk for welfare issues, such as disturbance of resting birds due to movements
from the periphery to the central area with feeders and drinkers (Ventura
et al., 2012; Buijs et al., 2010), increasing temperature at bird level resulting
in heat stress (Ventura et al., 2012), and deteriorating litter quality resulting in
contact dermatitis and dirty plumage (BenSassi et al., 2019a). Insight in factors
determining space use, neighbour distances and distribution of broilers may
help to find ways to promote better use of the available space in commercial
houses and thus broiler welfare.
Studies under experimental conditions in fast-growing broiler chickens
to determine the effects of group size, pen size and stocking density on the
distribution of the chickens in the pen and the use of space showed that pen
size had the largest effect on movement and space use patterns, irrespective of
group size and stocking density. With increasing pen size, activity, neighbour
distances and space use increased, thus chickens used larger space when
available (Leone and Estevez, 2008a,b; Leone et al., 2010; Mallapur et al., 2009).
Physical barriers of other animals played a role at higher-stocking densities,
leading to lower neighbour distances (Leone and Estevez, 2008b). The authors
suggested that two motivations play a role in establishing neighbour distances:
© Burleigh Dodds Science Publishing Limited, 2020. All rights reserved.
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on one hand, other chickens offer protection and thus low neighbour distances
might be preferred, while on the other hand, resource competition may increase
the distance between chickens in a group (Leone et al., 2010). As high-stocking
densities have been found to be aversive to broiler chickens, this motivation may
also play a role when stocking densities increase (Buijs et al., 2011b), which will
be discussed in more detail below. Buijs et al. (2011b) also showed that nearest
neighbour distances varied according to the type of behaviour the broilers were
performing. Chickens that were eating and drinking showed higher neighbour
distances than birds that were foraging, preening or adjusting their sitting or
lying posture, or showing other behaviour (which included resting). This is
in line with the suggestion of Leone et al. (2010) that the motivation to seek
protection plays a role, as chickens are vulnerable to predation when showing
behaviours such as resting, dustbathing and preening, which involve periods
of time during which the eyes are closed. Apart from seeking social protection
during these behaviours (by sitting more close to conspecifics), broilers have
also been shown to perform these behaviours more often in areas with artificial
protection, such as panels or close to walls (Cornetto and Estevez, 2001).
Moreover, providing cover (by using panels) resulted in a better distribution
of broiler chickens over the pen (Cornetto et al., 2002), with the largest effects
seen in small groups (5 versus 10 or 20 broilers per group) (Leone et al., 2007).
This was in line with the hypothesis that broilers in small groups perceive that
they are more vulnerable to predation because of reduced social protection.
Similar effects on the spatial distribution of chickens over the pen were
found with barrier perches (panels with perches on top) (Ventura et al., 2012).
Moreover, both cover panels and barrier perches decreased neighbour
disturbances (Ventura et al., 2012; Leone et al., 2007), and also aggression
decreased significantly when barrier perches were provided (Ventura et al.,
2012). The latter might be due to the better distribution of resting birds over
the pen and reducing the open space (Ventura et al., 2012), as it has been
shown that aggressive behaviours are mainly observed in the open central
space in the pen (Pettit-Riley et al., 2002). Also in commercial flocks clustering
of chickens around structures placed in the central area of the house has been
observed, for example, when bales of straw or wood shavings were provided
(de Jong and Gunnink, 2019; Bailie et al., 2013) although these studies did not
find any positive effects on the incidence of disturbance and aggression.
Although interesting from a behavioural point of view, results of
experimental studies on effects of enclosure size and group size in broiler
chickens on space use are difficult to translate to the commercial situation
where broilers are housed in much larger groups. However, providing structures
probably improves bird distribution and may reduce negative behaviours, as
well as have other potentially positive effects, which will be discussed in the
section on environmental enrichment.
© Burleigh Dodds Science Publishing Limited, 2020. All rights reserved.
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3 Welfare issues in broiler chicken production: leg
health, heat stress and behavioural restrictions
Impaired leg health is considered one of the most severe welfare problems
related to the on-farm stage of broiler chickens (EFSA, 2010). Leg health includes
lameness (infectious, degenerative and developmental disorders) and contact
dermatitis on the feet and hocks (footpad dermatitis and hock burn) (Bradshaw
et al., 2002). Other welfare issues are impaired health, including metabolic
diseases, which may result in mortality and/or the application of medication,
thermal discomfort (mainly heat stress) and so-called behavioural restrictions.
The latter refers to environmental and physical restrictions to perform the full
range of natural chicken behaviour (EFSA, 2010). For a detailed description
of leg disorders and the effect on broiler welfare we refer to elsewhere in
this chapter. Here we will only give some information on the prevalence in
commercial broiler systems, if known, and discuss the relationship with growth
rate.

3.1 Prevalence of welfare issues in different
broiler production systems
Walking ability is usually assessed in commercial flocks using the gait score,
which assigns a score between 0 and 5 (perfect to unable to walk) (Kestin et al.,
1999). In the literature over the past 10 years, the estimated prevalence of
a moderate to severe defect, that is a gait score of 3 and higher, may be as
high as 30% of the chickens in conventional indoor systems with fast-growing
breeds (e.g. Bassler et al., 2013; Sanotra et al., 2001; Knowles et al., 2008) and
recent figures illustrate that it can even be higher. In a recent Norwegian study,
24% of the chickens (Ross 308) had a gait score of 3 and higher, but this was at a
relatively young age (29 days) due to the low slaughter age in Norway (Kittelsen
et al., 2017). A recent study in the United States including various fast-growing
breeds showed that an impaired walking ability was found in more than 22% of
the chickens in flocks slaughtered at a light body weight (2.2 kg) and more than
34% of the chickens slaughtered at a high body weight (over 3.6 kg) (Opengart
et al., 2018). In higher-welfare broiler systems fewer broilers have an impaired
walking ability. In Germany, 25% of broilers in a conventional system (fastgrowing breed (Ross 308), no enrichment, maximum stocking density of 35 kg/
m2) showed an impaired walking ability compared to 1% of broilers in a higherwelfare system (slower-growing breed (Cobb Sasso 175A), enrichment and
covered veranda, maximum stocking density of 29 kg/m2) (Bergmann et al.,
2016). A Dutch study compared conventional flocks with fast-growing Cobb
500 and Ross 308 breeds (no enrichment, 39–42 kg/m2) with indoor housed
slow-growing strains (Hubbard JA757) with environmental enrichment and a
© Burleigh Dodds Science Publishing Limited, 2020. All rights reserved.
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lower stocking density (<38 kg/m2) and found more than 60% of the chickens
with a moderate to severe defect (gait score 3 and higher) in conventional
flocks versus less than 20% in the higher-welfare system (Gerritzen et al., 2019).
These figures indicate variation between systems and room for improvement in
all systems, but especially in the conventional indoor systems.
Three types of contact dermatitis can be observed in broiler chickens:
footpad dermatitis, hock burn and breast burn or breast irritation (Haslam et al.,
2007). Usually, prevalence of footpad dermatitis is higher as compared to hock
burn and breast burn. In a recent study in the United States, prevalence of 27%
and 1.5% for mild and severe footpad dermatitis, respectively, were reported
for different breeds of fast-growing broilers slaughtered at light weights
(around 2 kg), and 31% and 3.5%, respectively, for fast-growing broiler breeds
slaughtered at heavy weights (more than 3.6 kg) (Opengart et al., 2018). Footpad
dermatitis is one of the animal-based outcome data routinely collected at the
slaughter plant as an indicator of broiler welfare in several European countries
(Butterworth et al., 2016). This may have resulted in a decreased prevalence
in recent years, for example, in the Netherlands the total footpad lesion score
significantly decreased within four years after the start of monitoring from
approximately 70 points to a yearly average of around 40 points (on a scale
between 0 (no lesions) and 200 (all birds having severe lesions)) (de Jong,
personal communication). In Denmark, monitoring started earlier; a decrease
of 60 points was achieved in a period of 6 years, and on a yearly basis scores
do not exceed 40 points (Kyvsgaard et al., 2013), with a drop in prevalence
of severe footpad lesions from 60% to 10% (European Commission, 2016).
In higher-welfare broiler systems a significantly lower prevalence of footpad
dermatitis is generally found. Bergmann et al. (2016) reported a prevalence
of 16.5% and 2.5% around slaughter age for broilers in conventional systems
(fast-growing Ross 308 breed, stocking density of 35 kg/m2) and a higherwelfare concept (slower-growing Cobb Sasso 175A breed, covered outdoor
and enrichment, stocking density of 29 kg/m2), respectively. Similar differences
were found in two Dutch studies (22% and 4.8%, respectively (Ellen et al., 2012),
and around 45% and 0%, respectively, in conventional versus higher-welfare
systems (Gerritzen et al., 2019)). A comparison of RSPCA freedom food flocks
(slow-growing broilers, stocking density maximum 30 kg/m2, environmental
enrichment) with the industry standard Red Tractor (indoor housing, fastgrowing breeds, no enrichment, stocking density 38 kg/m2) showed that
Freedom Food flocks had on average 3.5% footpad dermatitis compared to
6.5% for the conventional flocks (RSPCA, 2006). An exception is the organic
broiler farms, where a higher prevalence of footpad dermatitis has been found
than on conventional farms (Lund et al., 2017), or a higher variation is observed.
For example, in France a prevalence between 4.6% and 39.6% was observed,
depending on the farm type (mobile houses had a higher prevalence) and time
© Burleigh Dodds Science Publishing Limited, 2020. All rights reserved.
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of visit. This variation might be due to the varying conditions in the outdoor
range on organic farms and due to inadequate ventilation in mobile houses
causing wet litter (Souillard et al., 2019).
Recent figures on the prevalence of hock burn and breast irritation are
scarce. Bassler et al. (2013) reported on average 7.9% of broilers with hock burn
on European farms. Bergmann et al. (2016) reported superficial hock lesions
in 33% and 20% of the broilers in German conventional (indoor, fast-growing
Ross 308 breed, stocking density 35 kg/m2) and higher-welfare systems (slowgrowing Cobb Sasso 175A breed, enrichment and veranda, stocking density of
29 kg/m2), respectively, and 1.8% severe hock burn in the conventional system
close to slaughter age. When comparing RSPCA freedom food flocks with
flocks housed according to the conventional system in the United Kingdom,
the RSPCA flocks had on average 3.5% hock burn whereas the conventional
flocks had 19% (RSPCA, 2006). A Dutch study reported that 24% of broilers in
conventional flocks had hock burn at slaughter, whereas in the higher-welfare
concept this was only observed in 1.1% of the chickens (Ellen et al., 2012), and
more recently, no severe hock burn was observed in Dutch higher-welfare
concept flocks (enrichment, stocking density lower than 38 kg/m2, slowergrowing Hubbard JA757 breed) compared to around 10% for the conventional
indoor flocks using Ross 308 or Cobb 500 breeds (Gerritzen et al., 2019). Thus,
hock burn figures illustrate a similar trend as footpad lesions, with lower levels
of hock burn present in higher-welfare systems than in conventional systems.
With respect to breast irritation, Gerritzen et al. (2019) found 0% in the higherwelfare system and in less than 5% of the broilers in conventional indoor
systems. In an older study of Haslam et al. (2007) breast burn was observed in
less than 1% of broilers, but Allain et al. (2009) reported breast burn in 15.8% of
broilers with high variation between flocks. They reported an effect of genotype
and stocking density with a higher prevalence in the fast-growing broilers and
a high stocking density as compared to flocks with slow-growing broilers or a
lower stocking density. Taken together, all types of contact dermatitis (footpad
dermatitis, hock burn and breast burn) can be present on broiler farms with a
lower risk in higher-welfare concepts.
Mortality is related to health, but, not all health issues relevant for welfare
are properly captured by mortality figures, although these at least give an
indication. With respect to total mortality, the figures show some variation,
being sometimes lower in higher-welfare systems, but not always. However,
calculated as mortality per day, mortality figures are usually lower in higherwelfare systems. The RSPCA reported figures of 1.8% for their Freedom Food
concept versus 5.1% for conventional (RSPCA, 2006). Bassler et al. (2013)
reported an average mortality rate of 3.6% on conventional farms in Europe.
Bergmann et al. (2016) reported mortality figures that were comparable in
indoor conventional and higher-welfare flocks (3.5% and 3.4%, respectively),
© Burleigh Dodds Science Publishing Limited, 2020. All rights reserved.
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but in the higher-welfare systems broilers had a longer rearing period. In a
Dutch study, the average mortality over the whole rearing period was higher
in the higher-welfare system than in the conventional system (3.4 vs. 2.7%), but
this was calculated over a rearing period of 56 days for conventional versus
39 days, respectively, for higher-welfare systems (Ellen et al., 2012). However,
in a more recent Dutch study, mortality figures of 3.7% and 1.9% were found
for conventional indoor and higher-welfare flocks, respectively (Gerritzen et al.,
2019). Souillard et al. (2019) reported mortality levels between 2.7% and 3.1% on
organic farms in France (excluding mortality caused by predation), depending
on farm type, but it should be kept in mind that these were registered over a
rearing period of 86 days.
Antibiotics-usage data in the Netherlands in 2018 showed that antibiotic
treatments are applied more at farms with fast-growing than with slow-growing
breeds, with on average 31% of the farms with fast-growing breeds applying
any antibiotic treatment versus 9% of the farms with slow-growing strains, and
preventive treatments not being allowed (Avined, 2019). Although antibiotics
usage is not necessarily linked to health, these data nevertheless indicate that
health problems are less prevalent on farms with slower-growing strains.
With respect to the welfare issue of behavioural restrictions, broilers in
a higher-welfare system in Germany (maximum stocking density of 29 kg/
m2, slower-growing Cobb Sasso 175A strain and enrichment provided) were
significantly more active during the rearing period than fast-growing Ross 308
broilers in an indoor system (maximum stocking density 35 kg/m2) (Bergmann
et al., 2017). As far as we know, there are no other publications comparing the
behaviour of broiler chickens in conventional versus higher-welfare systems,
which indicates that there is a need for studying behaviour of broiler chickens
in different production systems.
When comparing conventional indoor-housed broiler flocks with
flocks housed in higher-welfare systems, it is often not possible to attribute
differences to breed, environmental or management factors, which are normally
confounded in such comparative studies. What we know about the separate
effects of breed, management and environmental aspects on broiler welfare
will be further discussed below.
To date (modern colony) cage systems for broilers have not been studied in
great detail. In cage systems broiler welfare may be compromised as compared
to conventional indoor floor systems, because of movement restriction, poor
bone strength due to lack of exercise, the inability to perform natural behaviours
such as dust bathing and scratching, relatively high-stocking densities (which are
usually higher as compared to indoor floor systems), and, although depending
on the floor type, the risk for skin and leg injuries (Shields and Greger, 2003).
Experts assign low welfare scores to these cage systems (Bracke et al., 2019a).
In contrast, producers stress that there might be advantages of the plastic floors
© Burleigh Dodds Science Publishing Limited, 2020. All rights reserved.
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in the modern colony cages with respect to heat dissipation and the risk for
footpad lesions and hock burn, which however requires further study before
drawing any conclusion about possible welfare advantages.

4 The relationship between growth
rate and broiler welfare
4.1 Effects of growth rate on leg health,
mortality and heat stress
Few studies are available comparing fast- and slow-growing broiler breeds
housed under similar conditions. Van Middelkoop et al. (2002) compared
one fast- (Cobb) and one slow-growing (Hubbard) breed that were reared
until similar slaughter weight and housed under similar semi-commercial
conditions. A significantly lower mortality rate was found in the slow-growing
breed than in the fast-growing one (1.5% vs. 5.6%). This was mainly due to heart
and circulation problems in the fast-growers and these were nearly absent in
the slow growers. In addition, slow growers had a significantly better walking
ability (13.1% vs. 43.4% of the birds had a gait score of 3 and higher for the
slow vs. fast-growing broiler strain), and significantly better scores for footpad
dermatitis, hock burn and breast irritation (proportion of birds with severe
footpad dermatitis 0% vs. 9.8%, hock burn 11.5% vs. 44.9%, breast irritation
10.1% vs. 56.6% for slow- vs. fast-growing breed). Similar effects for mortality,
gait score, breast irritation, footpad dermatitis and hock burn were found in a
second study comparing one slow- (Hubbard) and fast-growing Ross breed,
both in two similar semi-commercial housing conditions (with and without an
outdoor range) (Rodenburg et al., 2004). For example, severe footpad lesions
were found in 6% and 16% of fast-growing broilers (housed indoor and with
outdoor access, respectively), compared to 0% and 0.5% in slow-growing
birds (housed indoor and with outdoor access, respectively) (Rodenburg et al.,
2004). Recently, Dixon (2020) compared three fast-growing strains from the
main commercial broiler companies with one slow-growing strain (Hubbard
JA757) housed under similar conditions. With respect to mortality, the slowgrowing strain and one fast-growing strain had significantly lower mortality
levels than the other two fast-growing strains. Moreover, the slow-growing
strain had lower proportion of hock burn and significantly better locomotion
scores, for example, around 10% of the slow-growing strain had a gait score
3 (moderate defect) as compared to around 30–40% for the three fastgrowing strains. Footpad dermatitis scores were low in all strains and did not
significantly differ between the strains in that particular study. Slow-growing
broilers are thought to be less susceptible to heat stress than conventional
fast-growing breeds (de Jong et al., 2012a), but as far as we know there are no
data to illustrate this.
© Burleigh Dodds Science Publishing Limited, 2020. All rights reserved.
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Although differences exist between different types of slow-growing strains
with respect to the welfare issues discussed here, these seem to be small,
especially as compared to the differences between fast- and slower-growing
broiler strains (Louton et al., 2019; Rauch et al., 2017). Taken together with the
(confounded) system comparisons these few studies indicate that the use of
slower-growing broiler strains, indeed, explains part of the lower risk for leg
disorders and impaired health in higher-welfare systems.

4.2 Effects of growth rate on broiler behaviour
Conventional fast-growing broiler chickens are usually rather inactive with a
peak in activity around the fourth week of age (Ventura et al., 2012; Bizeray et al.,
2002) and a sharp decrease in activity with increasing age thereafter (Arnould
and Faure, 2003; Wallenbeck et al., 2016; Hall, 2001; Shields et al., 2005). This is
in part due to their housing conditions, such as the increasing stocking density
(kg/m2) with age, preventing the birds from performing undisturbed and
active behaviours, and the lack of stimulation from the environment (absence
of environmental enrichment, low light intensities, low litter quality) (de Jong
et al., 2012a; EFSA, 2010), which will be discussed in the following paragraphs.
But the low-activity levels are also due to physical restrictions such as leg health
problems and heat stress when these birds try to be active (Bokkers and Koene,
2004). It has been suggested that the high and efficient growth rate prevents
fast-growing broilers from becoming active, whereas they are still motivated
to perform activities like walking, dust bathing, scratching and jumping onto
perches or other elevated structures (Bokkers et al., 2007).
Comparisons of time budgets of broiler strains with different growth rates
generally show higher activity levels in slow-growing as compared to fastgrowing strains (Nielsen et al., 2004; Branciari et al., 2009; Dal Bosco et al.,
2010; Malchow et al., 2019a; Steenfeldt et al., 2019; Wallenbeck et al., 2016;
Dixon, 2020). Under similar housing conditions, both fast- and slow-growing
strains show a decreased activity and decreased foraging behaviour with
increasing age (Bokkers and Koene, 2004; Wallenbeck et al., 2016), although
the decline in activity in slow-growing strains has been shown to be more
gradual than in the fast-growing strains (Nielsen et al., 2004). Using female
broilers in a spacious environment with perches, Bokkers and Koene (2003)
observed that fast- and slow-growing Hubbard broilers performed the same
behaviours but with different time budgets. Slow-growing broilers perched,
walked and scratched more than fast-growing broilers, and fast-growing
broilers were sitting more on the floor, eating and drinking. A follow-up
experiment indicated that physical ability was the determining factor for activity
in heavy broiler chickens, whereas motivation did not seem to be affected.
The authors tested broilers weekly in runway tests, where they could receive a
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food reward. They manipulated motivation by applying short- (3 h) and longterm (24 h) feed deprivation and tested both fast- and slow-growing Hubbard
broilers until 12 weeks of age (when both breeds reached a high body weight
to include possible physical restrictions). Their results indicated that motivation
determined the latency to walk and the walking speed in the runway of broilers
with a low body weight, while physical ability determined latency and walking
speed in broilers with a high body weight (Bokkers and Koene, 2004). In a
later study also Wallenbeck et al. (2016) showed that fast-growing Ross 308
broilers spent more time sitting, drinking and eating, whereas slow-growing
Rowan Ranger broilers showed more active behaviours such as foraging and
perching up to 12 weeks of age.
There are different slow-growing broiler strains that may potentially
differ in their behaviour, and between-breed comparisons of behaviour in
slow-growing broiler strains is reported in a few studies. Rayner et al. (2019)
showed that, when comparing one fast- and two slow-growing broiler breeds
at stocking densities of 30 and 34 kg/m2 under commercial conditions, both
slow-growing breeds performed significantly more ‘positive behaviours’ as
compared to the fast-growing breed, also at the higher stocking density. They
defined ‘positive behaviours’ as playful, comfort-related, exploratory-related
or safety-related behaviours. Torrey et al. (2019) compared three slow-growing
strains and one fast-growing strain with respect to their behavioural time
budgets. All strains were housed in enriched pens with a stocking density of
30 kg/m2. The fast-growing strain spent significantly more time sitting and less
time standing and walking at a similar age, and at a similar weight the fastgrowing strain spent more time sitting and less time walking than the slowgrowing strains. They observed no differences in behaviour between the three
slow-growing strains.
Thus, slow-growing broiler strains are generally more active as compared
to fast-growing strains and there are indications that they also show more
species-specific behaviours, but differences between different slow-growing
breeds appear to be small or absent.

5 Effects of environment and management on welfare
This section discusses the effects of management practices and environmental
conditions on broiler welfare. Although single factors are discussed one by
one, it should be noted that these factors often interact (Averos and Estevez,
2018) and it is, therefore, sometimes difficult to disentangle the effect of a
specific management practice or environmental factor on welfare. In addition,
most studies focus on the effect of environmental factors on the welfare of
conventional, fast-growing broiler strains. Where available we will include
information on slower-growing broiler strains.
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5.1 Hatching environment
The majority of broiler chicks hatch at the hatchery and are transported to the
broiler farm after pulling (being collected from the hatching machine), when the
majority of chicks have hatched, and after applying management procedures
such as removal of second-grade chicks, sexing and vaccinating. As the chicks
do not hatch all at the same time but rather over a period of 24–48 h, the period
between hatching and arrival at the broiler farm may last up to 72 h for chicks
that hatched first. During this period, broiler chickens usually do not receive food
and water (Willemsen et al., 2010). Although yolk sac reserves should, in theory,
provide sufficient energy for survival (Mitchell, 2009), it has been suggested
that this so-called post-hatch food and water deprivation may have negative
effects on broiler welfare (since these birds have been selected for very rapid
growth from an early age and may be less well able to deal with a negative
energy balance) (Willemsen et al., 2010). A meta-analysis of the literature on
the effects of this post-hatch feed and water deprivation indeed showed that
a period of post-hatch food and water deprivation of more than 36 h resulted
in significantly increased mortality not only at a young age but also up to the
slaughter age, suggesting that welfare may be compromised in the longer term
too, in addition to thirst and hunger in the initial post-hatch period (de Jong
et al., 2017). Apart from the post-hatch feed and water deprivation, hatching
conditions in itself (de Gouw et al., 2017) and the resulting handling and
transport of day-old chicks are probably stressful (Jacobs et al., 2017; Hedlund
et al., 2019). For example, chicks are exposed to high concentrations of dust
and pathogens in the hatcher, to a high noise level, darkness and disinfected
with formaldehyde (de Gouw et al., 2017).
To overcome these stressful events around hatching and the possible longterm negative consequences on broiler welfare, systems have been developed
that enable hatching in the broiler house. In these systems, eggs that have been
incubated for 18 days (out of the 21 needed for hatching) are transported to
the broiler farm, where the eggs are placed in trays, boxes or in the litter. The
chicks are provided with feed and water immediately after hatching. There
are also systems where broilers receive feed and water in the hatchery and
are transported to the broiler farm thereafter. Until now, very limited research
has been done on these practices, but it has been shown that broiler welfare
may benefit from such alternative hatching practices. A comparison of on-farm
hatched versus hatchery-hatched chickens showed that on-farm hatched flocks
had a better litter quality and less footpad dermatitis as compared to hatcheryhatched flocks (de Jong et al., 2019). Broiler chicks that received feed and water
immediately after hatching and subjected to handling and transport were less
fearful at 30 days of age than broiler chicks that were post-hatch feed and water
deprived and subsequently handled and transported, whereas the response at
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3 days of age was the other way round (Hollemans et al., 2018). This suggests
that post-hatch feed deprivation may have long-term effects on broiler welfare
that merit further study.

5.2 Stocking density
The effects of stocking density on broiler welfare were reviewed by de Jong
et al. (2012a), and we concluded that there was no critical density from which
broiler welfare is decreased, as this seemed to vary between studies and welfare
indicators. However, it was also concluded that broilers prefer stocking densities
that were lower than the maximum densities allowed in the EU legislation (39–
42 kg/m2). Broilers were highly motivated to go to areas with a lower stocking
density, showing that they at least avoided commercial stocking densities (Buijs
et al., 2011a). Spatial analysis suggested that broilers at stocking densities
from 15 kg/m2 and higher start to experience the proximity of conspecifics as
aversive at some point during the last 3 weeks of rearing. Nearest-neighbour
distance analysis even showed evidence that this aversion occurred earlier in
life (Buijs et al., 2011b).
Previous studies were inconsistent with respect to the effect of stocking
density on most behaviours, but they all indicated that disturbances are
increasing with increased stocking densities (de Jong et al., 2012a; Knierim,
2013). This increase seemed to be gradual over a wide range of stocking
densities and led to shorter resting and preening durations (Buijs et al., 2011b;
Buijs et al., 2010). Avéros and Estevez (2018) found an interaction between
stocking density and group size on resting behaviour. In larger groups and at
lower stocking densities relatively more birds were resting, which was suggested
to be caused by more available space in larger groups and less disturbances
caused by the low stocking density. Further, high stocking densities also
resulted in a more uneven use of pen space, with a reduced use of the central
area in the pen (see review in De Jong et al. (2012a)).
With increasing stocking densities, environmental temperature, humidity
and litter moisture increase, especially towards the end of the growing period.
It is therefore often difficult to disentangle the effects of the stocking density per
se from the deteriorated environmental conditions on broiler welfare indicators,
as these often coincide (de Jong et al., 2012a), especially under commercial
conditions. However, it is clear from the literature that with increasing stocking
density the risk for welfare problems such as impaired walking, contact dermatitis
and injuries increases (de Jong et al., 2012a). This was also confirmed in more
recent studies. Bailie et al. (2018b) showed that with increasing stocking density
between 30 kg/m2 and 36 kg/m2 the prevalence of footpad lesions increased.
Knierim (2013) found more footpad dermatitis at stocking densities of 35 kg/
m2 and 40 kg/m2 compared to 18 kg/m2 and 25 kg/m2, and a better gait score
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at 18 kg/m2 compared to 35 kg/m2 and 40 kg/m2. BenSassi et al. (2019b)
showed that a reduced stocking density decreased walking difficulties, resulted
in a reduction in rejection due to injuries and in prevalence of total welfare
problems (‘total welfare index’). In a meta-analysis, Avéros and Estevez (2018)
showed that gait scores decreased with decreasing stocking densities and in
a recent review, Pedersen and Forkman (2019) also concluded that gait scores
decreased and walking ability improved with decreasing stocking density. Few
studies measured prevalence of tibial dyschondroplasia at different stocking
densities, and no studies reported a significant effect. Many studies found an
effect of stocking density on footpad dermatitis and hock burn, with a higher
prevalence reported in higher stocking densities. Most of these studies were
carried out in fast-growing breeds (Pedersen and Forkman, 2019).

5.3 Litter quality
Litter, which is referred to as bedding material mixed with faeces, can have a
large impact on broiler welfare, as broiler chickens usually spend their whole
life or a large part of their life (when elevated resting places are provided) on
the litter floor. Good-quality bedding material absorbs moisture, provides
thermal insulation, a comfortable resting place, opportunities to perform
natural behaviours such as foraging and dust bathing, and affects air quality
by affecting the amount of dust, humidity, endotoxins and ammonia in the
air. It depends on the particular housing system and country whether or not
broiler chickens start with new and fresh bedding material upon placement,
or whether or not litter is re-used during several production rounds (and a
top dressing of, for example, wood shavings is added when a new production
cycle is started) (de Jong et al., 2012a). Several bedding materials are used
in practice, dependent on local traditions and availability. Frequently used
bedding materials are wood shavings, peat, sawdust, (chopped) straw, straw
pellets, sand and rice hulls (e.g. Shepherd et al., 2017). The bedding material
is mixed with faeces during the growing period and close to slaughter age the
major part will consist of faecal material (dependent on the amount of substrate
provided at the placement of the chickens). The litter quality will depend on the
quality of the faeces, climate in the house, activity of the chickens and incidents
such as leakage of drinkers.
Usually litter quality deteriorates during the production cycle (e.g. BenSassi
et al., 2019a; Wilhelmsson et al., 2019) due to increased amount of faeces and
increasing stocking density and due to inactivity of the birds. Hence, farmer
management (including nutrition) is very important to keep the litter in a
good condition (i.e. dry and loose). Wet or sticky litter increases dirtiness of
the chickens (BenSassi et al., 2019a); increases the risk for footpad dermatitis,
hock burn (Shepherd et al., 2017) and breast irritation; leads to cold stress
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(due to reduced insulation capacity) (de Jong et al., 2014); and is related to
an increased condemnation rate at slaughter (BenSassi et al., 2019a), probably
due to infection with bacteria present in the litter (Shepherd et al., 2017). A
farmer has several options to control litter quality. A thin layer of litter has been
suggested to reduce the risk for footpad dermatitis, although this may depend
on the floor type and presence of underfloor heating (Shepherd et al., 2017).
To prevent footpad dermatitis due to a low litter quality, it is advised to increase
heating and ventilation to keep the litter dry and loose (De Jong et al., 2013).
The prevalence of footpad dermatitis is related to the quality of the bedding
material, and most likely to its capacity to absorb moisture. For example, straw
bedding increases the risk of footpad dermatitis compared to peat and wood
shavings (Kyvsgaard et al., 2013; Shepherd et al., 2017). Also, the quality of the
feed is important for litter quality (Swiatkiewicz et al., 2017) and, for example,
gut health problems leading to diarrhoea may also lead to a deteriorated litter
quality. Scratching the litter will keep it dry and loose, and promote drying.
Thus, also bird activity may affect litter quality. Lowering the stocking density in
the house will increase litter quality, because it reduces the amount of faeces
and increases bird activity (de Jong et al., 2012a).
Broiler chickens in conventional systems usually only have the litter floor to
perform behaviours such as dust bathing and foraging. Compacted, wet litter
or litter covered with a crust will not be suitable for these behaviours, and in this
way may hamper the birds to perform their natural behaviours. Furthermore,
chickens show preferences for dust bathing materials and bedding material
with small particles such as peat or sand would be better suitable to perform
this behaviour as compared to, for example, straw bedding (Shields et al.,
2004; Baxter et al., 2018a). While on the one hand, dry and loose litter may have
positive effects on broiler welfare, on the other hand, this creates higher dust
levels which can be a risk for bird’s health especially with low ventilation rates
(e.g. early in the production cycle or in the cold season) (de Jong et al., 2012a).
This will be discussed further below.

5.4 Air quality
Air quality refers to the concentration of dust, endotoxins and gases in the
air, of which ammonia is the most important, and to the thermal environment
(temperature and humidity). Young chickens are not able to maintain their
body temperature at the appropriate level and an appropriate temperature
should therefore be provided, whereas a too high environmental temperature
in the final stage of the rearing period may cause heat stress, especially in fastgrowing chickens (de Jong et al., 2012a; EFSA, 2010). Ventilation is important
to keep the humidity at the required level to prevent wet litter and to provide
a comfortable environment. In wet and cold seasons low ventilation rates, to
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keep the temperature at the desired level, may result in wet litter and higher
levels of footpad dermatitis (de Jong et al., 2012b, 2013). Misting systems can
be used during hot summer days to reduce heat stress, but these also increase
the moisture level in the house and may thus cause a deteriorated litter quality.
The distribution and behaviour of broilers in the house is indicative of the
thermal environment, with broilers showing huddling when it is too cold or
draughty, and panting behaviour when the environmental temperature is too
high (Welfare Quality, 2009).
Dust and ammonia clearly have negative effects on broiler welfare. High
ammonia concentrations irritate the eyes, throat and mucous membranes,
leading to eye damage, increased disease prevalence and a reduced body
weight gain in broilers. When given a choice, broiler chickens avoided
concentrations of above 10 ppm, which are commonly present in poultry
houses (Jones et al., 2005). The main source of ammonia is the faeces (David
et al., 2015a). Ammonia concentrations in broiler houses is affected by many
factors such as ventilation, humidity, temperature, litter quality, moisture and
pH, feed composition and stocking density (de Jong et al., 2012b; David et al.,
2015a).
Both the environment, for example, the litter and feed, and the broilers
themselves produce dust. Dust contains both organic and inorganic matter.
The type of bedding material affects the amount of dust produced as well
as litter quality and bird activity. Dust clearly has a negative effect on broiler
health. Airborne micro-organisms are frequently attached to dust particles
and these may be directly pathogenic or they may release toxins, increasing
the susceptibility of the chickens to non- or low-pathogenic micro-organisms.
Because of the antigenic effects/capacity of dust it may activate the immune
system, leading to hypersensitivity and respiratory diseases (David et al.,
2015b). Although there is no doubt that dust and the attached micro-organisms
have a negative effect on the health of the chickens (David et al., 2015b; de
Jong et al., 2012b), it is not clear to what extent broilers’ health is affected by
dust, as broiler chickens are slaughtered at a very young age. Ventilation and
humidity are important to control dust levels in broiler houses (de Jong et al.,
2012b).

5.5 Light
Light has different aspects that can affect broiler welfare: intensity, photoperiod
(the number of light and dark hours within the 24 h cycle), source (artificial or
natural light) and spectrum. We will discuss these aspects separately below, but
it should be noted that the different aspects are usually confounded in studies
as well as under commercial conditions.

© Burleigh Dodds Science Publishing Limited, 2020. All rights reserved.

Welfare issues in poultry housing and management: broilers

19

5.5.1 Light intensity
Minimum light intensity has been regulated by legislation; for example, the
EU Broiler Directive (European Commission, 2007) stated that a minimum
level of 20 lux at bird height is required at 80% of the floor area in the broiler
house. Usually during the first days of life a higher light intensity is provided
to enable the chicks to find feed and water, according to recommendations of
the breeding companies. As reviewed by de Jong et al. (2012a), broilers seem
to prefer brighter light when being active and more dim light when resting,
but there is remarkably little effect of different light intensities on the time
performed on specific behaviours (reviewed in De Jong et al., 2012a), apart
from a higher overall activity level with increasing light intensity (e.g. Blatchford
et al., 2012; Rault et al., 2017). More important seems to be the difference
between the light and the dark period. A low contrast in light intensity between
the light and dark periods dampened behavioural rhythms, with broilers being
more active during the photophase and less active during the scotophase
when a high contrast between the light and dark periods was provided (Alvino
et al., 2009a; Blatchford et al., 2012). In addition, it has been shown that high
light intensities improve the levels of synchronisation of activities during the
photophase and uninterrupted resting during the scotophase (Alvino et al.,
2009b) in broilers. Light intensities lower than 5 lux (in both the photoperiod
and scotoperiod) cause an increased eye weight and larger eyes, thus affecting
eye morphology (Blatchford et al., 2012; Deep et al., 2013; Rault et al., 2017).
The majority of studies showed that light intensity did not affect gait score,
immunity and mortality (reviewed in De Jong et al. (2012a) and for leg health
in Pedersen and Forkman (2019)) whereas some authors found fewer footpad
lesions with increasing light intensity (Pedersen and Forkman, 2019; Deep
et al., 2013), which might be related to the increased activity under high light
intensities.

5.5.2 Light programme
Quite a number of studies focussed on the effect of light programmes on broiler
production and health. Usually, during the first days of life broilers are provided
with continuous or near-continuous light to enable them to find feed and water,
and after a week a light programme is started. This is sometimes regulated by
legislation, for example, the EU Broiler Directive states that broiler chickens
must have a dark period of 6 h per 24 h, of which 4 h of uninterrupted dark
period is mandated (European Commission, 2007). Pedersen and Forkman
(2019) recently reviewed the effect of light programmes. The majority of
studies reviewed reported a significant effect of light programme on leg health.
Although many different light schedules were studied, in general, intermittent
lighting schedules promoted leg health as compared to continuous lighting
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(defined as 23 h L (light):1 h D (dark)). Gait score and leg disorders were
most affected by the light programme with better scores when intermittent
lighting schedules were applied (Pedersen and Forkman, 2019; Karaarslan and
Nazligul, 2018). Broilers provided with sufficiently long dark periods generally
have fewer health problems, including metabolic diseases and an abnormal
eye development (reviewed in De Jong et al. (2012a)). A limited number
of studies examined the effect of light programmes on broiler behaviour.
Schwean-Lardner et al. (2012) studied uninterrupted dark periods of 10 h, 7 h,
4 h and 1 h per 24 h at 27–28 and 42–43 days of age. They found that time spent
on standing, walking, feeding, preening, stretching, dust bathing and litter
pecking decreased with increasing day length at both ages, both during the
photoperiod and as the daily average (of 24h). Running was not observed with
1 h darkness at both ages and dust bathing was not observed with 1 h darkness
at 42–43 days of age. Furthermore, long photoperiods resulted in a reduced
responsiveness to an observer. They concluded that welfare was compromised
in near-continuous lighting, whereas long dark periods of 10 h did not show any
advantage, based on behavioural observations, compared to dark periods of
7 h. A recent study of Sun et al. (2017) confirmed that comfort behaviours were
less prevalent under near-continuous lighting (23 h L:1 h D) versus 16 h L 8 h
D and an interrupted schedule of 6L:2D:2L:4D. Splitting the scotoperiod, that
is, two periods of 4 h darkness per 24 h versus an uninterrupted dark period of
8 h, resulted in adjusted feeding behaviours but no indications of one schedule
being better than the other (Duve et al., 2011).

5.5.3 Light spectrum
The recent developments in the use of light emitting diode (LED) lighting in
broiler houses enables farmers to provide a more complex light spectrum and
adjust light spectra according to the preferences of the chickens (Archer, 2018).
However, relatively little is currently known on the actual preferences of broiler
chickens in relation to light composition. Chickens have a greater spectral
sensitivity than humans, especially with respect to the red, blue-green and
ultraviolet wavelengths (Prescott and Wathes, 1999). Huth and Archer (2015)
compared broiler behaviour and health of two commercially available LED
lights with compact fluorescent (CFL) lighting, and found that birds in the LED
treatments showed less fearful responses and had better plumage condition,
foot and hock scores than in the CFL treatment. Their LED treatments differed
in output over the whole spectrum as compared to the CFL bulbs, but had
especially higher outputs in the ultraviolet and infrared wavelengths. Others
compared welfare aspects of broilers housed under different light spectra
using LED lights. Mendes et al. (2013) found that broilers from three weeks
of age onwards had a higher feed intake in white than in yellow LED light. In
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another study broilers housed under cold white light (5000 K) for the whole
production period were less anxious and grew faster than broilers housed
under warm white light (2700 K) (Archer, 2018). Using a preference test, Riber
(2015) compared cold white light (6065 K) with warmer white light (4100 K)
and found that from three weeks of age onwards broilers spent more time in
the compartment with cold white light than the compartment with warm white
light. Furthermore, she observed that resting behaviour was more prevalent in
cold white light. These studies thus indicate that cold white light is preferable
with respect to broiler welfare. However, the limited amount of studies as well
as the number of spectra applied in these studies indicate that more research
is necessary to determine light spectrum preferences for broiler chickens in
relation to age.

5.5.4 Light source
Higher-welfare programmes for broiler chickens often include the provision of
natural light (e.g. Saatkamp et al., 2019; Bailie et al., 2013) in broiler houses.
However, little is known about the effects of natural light on broiler welfare. With
natural light the whole light spectrum can be provided to the chicken and this
may affect the broiler’s perception of the environment. However, when natural
light is provided by windows in the roofs or side-walls, the ultraviolet range
may be filtered and is thus not available to/visible to the chickens (Van Niekerk
et al., 2016). Broiler chickens provided with natural light show increased activity
levels (Bailie et al., 2013; de Jong and Gunnink, 2019) and make better use of
the environmental enrichment (de Jong and Gunnink, 2019). Bailie et al. (2013)
also found better gait scores when natural light was provided. The (generally)
higher light intensities provided with natural light as compared to artificial light,
as well as the variation in intensity during the day, may have a large effect on
broiler behaviour and potentially stimulate behavioural synchronisation (Bailie
et al., 2013; de Jong and Gunnink, 2019). However, the latter aspect needs to
be investigated further.

5.6 Environmental enrichment
The effect of environmental enrichment on broiler chicken welfare has recently
been the topic of a series of studies, in addition to the ones that have been
reviewed by Riber et al. (2018). Here we summarise the new findings in addition
to the review of Riber et al. (2018). We also refer to the other chapters in this
book where the effect of elevated resting places on poultry welfare is reviewed.
Environmental enrichment has been defined as a modification of
the environment in which the animals are kept, allowing the animals
to perform more of their species-specific behavioural repertoire and
thus accommodating a larger range of behavioural choices (Estevez
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and Newberry, 2017). Environmental enrichments may relate to specific
behavioural requirements of chickens, for example, they may meet the
need for elevated resting, or for exploration pecking, and sometimes
combine these different functions. In their review, Riber et al. (2018) stated
that environmental enrichment can prevent abnormal behaviour, increase
the positive utilisation of the environment, and increase the ability of the
animals to handle behavioural and physiological challenges and thus
have a positive effect on welfare. They emphasised that environmental
enrichment should be biologically relevant to be effective. The majority of
broiler chickens, especially fast-growing breeds in conventional systems,
are housed in relatively barren environments, and despite the increased
number of scientific studies reporting potentially positive effects of
environmental enrichment on broiler welfare, environmental enrichment is
only applied on a limited scale in practice. One reason might be that farmers
and integrations often think that environmental enrichment increases
production costs and thus reduces economic competitiveness (Estevez
and Newberry, 2017). However, this does not take into account potential
benefits of environmental enrichment on broiler health. For example,
effective enrichment may reduce crowding and smothering in a flock by
reducing fearfulness (Riber et al., 2018), and as a result decrease carcass
condemnations (BenSassi et al., 2019b). Enrichment may also improve
leg strength in broiler chickens, reducing the number of culled chickens
and application of antibiotics (Kaukonen et al., 2017). And although it may
increase broiler activity, most studies do not report a negative effect on
feed conversion rate or growth (Riber et al., 2018). Finally, the societal
demand for higher-welfare systems may lead to compensation for increased
production costs, as, for example, has happened in The Netherlands,
where the new retail standards involve new broiler housing concepts that
require environmental enrichment (Saatkamp et al., 2019). Most studies
on environmental enrichment in broiler chickens include the effect on
behaviour and leg health in conventional fast-growing strains. To stimulate
implementation in practice, studies on commercial farms including the
effect on health, antibiotic treatments, carcass condemnations, feed intake
and growth, and thus on economic return of production are therefore
necessary, and studies should include slower-growing strains as well.
Riber et al. (2018) discriminated between ‘point source enrichments’,
which they categorised as objects that are generally limited in size and applied
on a few locations in the house, and ‘complex enriched environments’ that
differ more radically from conventional systems, usually involving multiple
enrichments or point source enrichments in combination with covered verandas
or an outdoor range. Before concluding this paragraph, we discuss these two
types of enrichments briefly below.
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5.6.1 Point-source enrichment
To meet the need for an elevated resting place for broiler chickens, perches or
elevated platforms can be provided. Studies usually applied different materials
for perching, such as metal, wooden or PVC pipes, being oval or round, and
used different heights and shapes (e.g. A-shape, X-shaped perches). As the
actual use of the perches and their effects on behaviour and other welfare
indicators may differ according to the layout of the perches, it is not easy
to draw conclusions on the actual use of perches and the benefits for the
broilers. However, Riber et al. (2018) concluded that perch use was generally
low, especially in fast-growing broilers, and this was confirmed in more recent
experiments (de Jong and Gunnink, 2019; Bailie et al., 2018a; Bench et al.,
2017; Malchow et al., 2019a; Bergmann et al., 2017). Only a few studies tested
perches in slower-growing strains with generally low use (de Jong and Van
Wijhe-Kiezebrink, 2014; Bokkers and Koene, 2003; Rodriguez-Aurrekoetxea
et al., 2015; Bergmann et al., 2017; Malchow et al., 2019a), although this merits
further study, as perch design may have played a role. Perches may potentially
provide elevated resting space for slower-growing breeds as these are not
hampered as much by physical limitations, but it is important to include the
effect of different shapes, design and materials on perch use. Positive effects of
perches are increased activity and a better distribution of the broilers in the pen,
but in general, no positive effects on foot and leg health were found (reviewed
in Riber et al. (2018)). Because body weight and body conformation of broiler
chickens, especially in fast-growing strains, may have a negative effect on perch
use, platforms have been applied to meet the need for elevated resting places.
Platforms are usually made of plastic mesh and provided at various heights
with a ramp to promote platform access. Platforms were well used by both
fast- and slower-growing broiler strains (Tahamtani et al., 2018; Malchow et al.,
2019a,b; Kaukonen et al., 2017; de Jong and Van Wijhe-Kiezebrink, 2014;
Vasdal et al., 2019), and it was suggested that platforms decrease fearfulness
in broiler chickens (Tahamtani et al., 2018). The frequent use of platforms may
indicate that these are better suited for broiler chickens, although platform
use may also be driven by high animal densities, as they provide additional
space. On the other hand, it has been shown that fast-growing breeds at 25 kg/
m2 made better use of platforms than broilers at 35 kg/m2, probably because
of the ‘barrier’ effect of broilers on the floor at higher densities (de Jong and
Goertz, 2017).
Bales of straw or wood shavings are often used as environmental
enrichment in commercial practice, and studies indicate that these are
generally well used (see e.g. de Jong and Gunnink, 2019; Baxter et al., 2018b,
2019; Vasdal et al., 2019; Bergmann et al., 2017). Bales may serve different
functions, for example, stimulating explorative pecking, dust bathing behaviour
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because of the provision of fresh litter, resting on an elevated area as long as
the bales are intact and providing protection. Panels and barriers, as indicated
in the section on broiler behaviour above, provide a quiet resting area and
prevent disturbance by other birds and are generally well used (Riber et al.,
2018). Dark brooders are not frequently used in broiler chickens but may also
provide a quiet resting area in the first two weeks (Stadig et al., 2018). Wheat,
maize or other substrates provided in the litter are used to stimulate foraging
behaviour, but studies did not show significant effects on leg health and activity
(Vasdal et al., 2019).
Since the review of Riber et al. (2018) on several studies focussed on
providing dust bathing substrates for broiler chickens, for example, in steel
rings or boxes (Baxter et al., 2018a,b, 2019; Vasdal et al., 2019; Baxter and
O’Connell, 2019). Different types of substrate have been tested such as oat
hulls, wood shavings, straw pellets and peat moss. Such an enrichment is
potentially most interesting under conditions where litter quality is insufficient
to allow dust bathing and foraging behaviour, that is, in conventional systems
with fast-growing breeds. Systems with slower-growing broiler strains usually
apply lower stocking densities, and litter quality is much better as compared to
intensive indoor systems (Ellen et al., 2012), although the effect of additional
dust bathing substrates has not been tested in slow-growing broiler flocks.
Both peat moss and oat hulls provided at different locations in the broiler house
were attractive for broiler chickens and stimulated dust bathing and foraging
behaviour (Baxter et al., 2018a,b), and oat hulls stimulated also leg health in
fast-growing chickens (Baxter et al., 2018b).
Finally, pecking objects such as metal chains, strings and pecking stones
are used as environmental enrichment (see Baxter and O’Connell, 2019; de
Jong and Gunnink, 2019; de Jong and Van Wijhe-Kiezebrink, 2014; Bergmann
et al., 2017). The extent to which these are used varied between studies and the
effects on activity and other welfare indicators is unclear (Riber et al., 2018). For
example, Baxter et al. (2019) found a higher use of pecking chains in their final
study, combining different enrichment types, as compared to their previous
study (not comparing different types of enrichment), suggesting that further
study under commercial conditions is necessary.

5.6.2 Complex environmentally enriched
environments (including outdoor ranges)
No studies have been published since the review of Riber et al. (2018) on
the effects of outdoor range or indoor systems with a covered veranda on
broiler welfare. Systems including an outdoor range usually include slowergrowing broiler strains (e.g. Stadig et al., 2017; Stadig et al., 2018; RodriguezAurrekoetxea et al., 2015), although fast-growing strains can also be housed
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in outdoor systems (e.g. Taylor et al., 2017a,b). Studies showed that slowergrowing strains are better capable of making use of the extra space and a
more diverse environment than fast-growing broiler strains (Wilhelmsson et al.,
2019; Lindholm et al., 2016; Nielsen et al., 2003). This may be related to their
physical inability to make use of the additional space and resources’ variability,
and does not exclude that they may still be motivated to use extra space and
resources and the ability to perform (certain) natural behaviours.

5.6.3 Combining and grouping enrichments
For commercial broiler welfare programmes, different enrichments can be
combined (e.g. de Jong and Gunnink, 2019; Vasdal et al., 2019). Baxter
et al. (2019) found no clear benefits of grouping enrichments, as compared
to spreading the various enrichments, on behaviour and use of the various
enrichment types. BenSassi et al. (2019b) compared houses with one, two or
more enrichments and found that a greater environmental complexity was
associated with a reduction in skin wounds, lower mortality, fewer carcass
rejections due to wounds and low body weight, and fewer carcass rejections
overall. More research is needed to confirm that combinations of environmental
enrichment promote welfare as compared to single enrichment, as well as to
determine the minimum number of enrichments that should be provided and
the distribution over the house in commercial flocks.

6 Conclusions and future trends
In this chapter we provided an overview of welfare issues in broiler
chicken production, and how these are affected by genetic, management
and environmental factors. Most studies have been performed in the
conventional, fast-growing breeds and are related to conditions present in
intensive, conventional production systems. Studies in commercial flocks
clearly indicate that the prevalence of welfare problems can be high, but
variation between flocks and between production systems indicates that
there are ways to reduce the prevalence of welfare problems. The increasing
number of scientific studies on the effects of environmental enrichment on
broiler welfare indicate that, at least in Europe and the United States (CIWF,
2018), there is a trend towards higher-welfare systems for broiler chickens.
In Europe, this is also reflected by the increase in the use of slow-growing
strains in these systems, such as in The Netherlands and Germany (Saatkamp
et al., 2019; Bergmann et al., 2016, 2017). It is also clear that aspects such as
societal pressure and market requirements will be important to improve the
current situation with respect to broiler welfare (Saatkamp et al., 2019; Bracke
et al., 2019a).
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The knowledge on the needs and preferences of slower-growing strains
as compared to the standard, fast-growing strains is limited and clearly merits
further research. With respect to broiler welfare in different production systems,
experts recently assigned good welfare scores to organic systems (EU), free
range (indoor and outdoor) and Label Rouge, whereas they considered broiler
welfare in conventional floor systems and cage systems insufficient. Other
systems like organic (US) or middle-segment concepts in The Netherlands
scored in-between and were not considered as providing good welfare (Bracke
et al., 2019a). However, it would be good to collect more data on system
comparisons to determine the actual welfare performance of broilers in various
production systems, as these are currently very scarce.
With respect to environmental and management factors, the different
aspects of light, especially wavelength preferences and effects of natural light
on broiler chicken welfare merit further study. Finally, little is known about the
interactions of the different genetic, environmental and management aspects,
which is clearly also an area for future research.

7 Where to look for further information
Although not very recent, the EFSA report and the update of this report (EFSA,
2010; de Jong et al., 2012a) provide a good starting point for reading. With
respect to genetic selection and the relation with broiler welfare, Hiemstra and
Ten Napel (2011) provide a lot of background information. The review of Bessei
(2006) summarises the main welfare issues in broiler chickens. More specifically,
the review by Riber et al. (2018) is a good starting point for the environmental
enrichment effects on broiler welfare and the review by Pedersen and Forkman
(2019) is a good starting point on the relationship between environmental
enrichment and leg health. With respect to societal pressure aimed at higher
welfare for broiler chickens, information on requirements in the NGO’s European
Chicken Commitment and US and Canada Better Chicken Commitment can be
found in Anonymous (n.d.) and Anonymous, 2019, and NGO’s websites report
about companies stating that they will meet these requirements within a couple
of years.
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