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ABSTRACT

This thesis aimed to find the risk factors in the development of severe feather
pecking (SFP), a behavioural problem in laying hens. To that aim, experiments
were conducted to understand the principles and those principles were,
consequently, studied in the laying hen production chain. As SFP has a strong
genetic component, laying hen lines differing in their tendency to develop SFP
were compared in traits related to fearfulness, stress-sensitivity and the
serotonergic and dopaminergic systems. Hens originating from a line selected
against mortality in group housed hens had lower fearfulness and higher
dopaminergic activity measured in a brain area related to fearfulness and motor
control (arcopallium) compared to a control line. It was also found that having a
fearful, highly active, bird in a group affected stress-sensitivity of the group
members. Under practical conditions, it was recorded that the Dekalb White
(DW) cross had higher levels of fearfulness and lower 5-HT peripheral levels than
the ISA Brown (ISA) cross. In parental flocks, DW hens had higher feather
damage levels than ISA hens. In parental flocks high levels of fearfulness related
to lower levels of production, with specifically high corticosterone levels relating
to low egg weight. For the DW cross, high levels of stress in the mother hens
related to high fearfulness and SFP in the offspring. During rearing, feather
damage and SFP significantly increased when foraging substrate availability was
disrupted or limited before five weeks of age. These effects were strongest for
the ISA cross. Furthermore, SFP at five weeks of age related to high levels of
feather damage at 40 weeks of age, as did fearfulness during the rearing and
laying period. If during the laying period, farmers provided a radio, housed
roosters in the flock, and provided aerated pecking blocks then feather damage
levels were reduced. This thesis showed that the tendency to develop SFP relates
to high levels of fearfulness, stress-sensitivity, and activity of the dopaminergic
and serotonergic systems. Even on a farm level, maternal stress can lead to SFP
in offspring flocks. Risk factors for SFP and consequential feather damage are
suboptimal substrate conditions during early life and high fearfulness throughout
life. If all farmers in the chain provide undisrupted availability of foraging
substrate and aim to reduce fearfulness in their flocks, SFP will likely be reduced.
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Chapter 1

1. INTRODUCTION

Many laying hens are kept worldwide for the production of eggs aimed for human
consumption. In February 2014, there were 364 million laying hens in the USA,
producing more than g5 billion eggs (NASS, 2014). The egg-laying industry of
Europe consists of approximately 363 million laying hens (Eurostat, 2011), while
in The Netherlands on average approximately 45 million laying hens were kept
(CBS, 2013a). Globally, The Netherlands is the main exporter of eggs (FAOSTAT,
2012).

A major behavioural problem seen in laying hens is severe feather
pecking (SFP), where hens peck and pull at feathers of flock-mates causing
plumage and tissue damage (Savory, 1995; see Figure 1.1). As SFP inflicts pain in
the victims (Gentle, 2011; Gentle and Hunter, 1990), it reduces the welfare of
victim birds but also indicates welfare problems in the perpetrators (Rodenburg
et al, 2013). On commercial laying hen farms, the mortality rate due to
cannibalism or culling as a consequence of SFP can reach 20% depending on the
housing system (% of mortality due to cannibalism in cage-housing: 4% (Sherwin
et al., 2010) to 14% (Tablante et al., 2000), furnished cages: 5% (Fossum et al.,
2009) to 9% (Sherwin et al., 2010), non-cage systems: 15-20% (Blokhuis et al.,
2007; Rodenburg et al., 2008). In the UK, around 65%, and between 68 to 86% of
free range laying flocks were severely affected by SFP in 2013 and 2010,
respectively (Gilani et al., 2013; Lambton et al., 2010). In the Netherlands, 72% of
organic flocks were severely affected by SFP in 2009 (Bestman et al., 2009). Thus,
SFP occurs frequently on farms and compromises the welfare of a vast number of
birds in the egg-laying industry. The urgency to find a practical solution to

prevent SFP under commercial conditions has been amplified by the European
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General introduction

ban on conventional cage housing in 2012 (Council directive 2007/43/EC, 2007)
and the ban on beak trimming in many European countries (van Horne and
Achterbosch, 2008) which The Netherlands will follow in 2018 (Dijksma, 2013). As
SFP shows to be, to some extent, socially transmittable between birds within a
group (Zeltner et al., 2000; Riedstra and Groothuis, 2002), the risk of SFP
affecting many birds in a group makes the control and prevention of SFP in non-
cage systems a challenge. On top of that, a ban on beak trimming will most likely
result in higher casualties due to augmented feather and tissue damage when
SFP occurs (Blokhuis and van der Haar, 1989; Bolhuis et al., 2009). An early
detection of predisposing factors can help in controlling and possibly
preventing the development of SFP. The research project which led to this
thesis therefore aimed to find the risk factors of SFP in the laying hen
production chain. To that aim, experiments were both conducted in small-

scale controlled conditions and on commercial laying hen farms.

Figure 1.1. Victims of feather pecking: see denuded body areas and feather damage as a

result of severe feather pecking (SFP).
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1.12. WHAT IS FEATHER PECKING AND WHAT IS IT NOT?

There are two distinct forms of bird-to-bird feather pecking; the gentle form and
severe form (Rodenburg et al., 2013). Gentle feather pecking (GFP) is defined as a
subtle form of feather pecking, seen as gentle pecking, nibbling and plucking at
tips of the feathers and particles in the plumage, during which the recipient
generally does not react (Savory, 1995). Severe feather pecking (SFP) is the
severe form, where birds peck and pluck on feathers, mostly at the back area of
the body and base of tail (Norgaard-Nielsen et al., 1993; Bil¢ik and Keeling, 1999).
During SFP, feathers can be pulled out and, in some cases, be eaten (Harlander-
Mataushek et al., 2006; 2007b). Especially, the downy back feathers are often
ingested (Harlander-Matauschek et al., 2007b). While GFP is a behaviour
performed by the majority of birds in a population, especially at a young age, SFP
is initially performed by only a few individuals (Rodenburg et al., 2004b; Bilcik and
Keeling, 2000) and typically peaks in adulthood (Bright, 2009). Gentle feather
pecking does not necessarily develop into SFP (Lambton et al., 2007), neither on
individual (Newberry et al., 2007; Hughes and Buitenhuis, 2010; Rodenburg et al.,
2004b) nor on flock level (Lambton et al., 2010). The causal factors of GFP and
SFP appear to be different, with GFP being suggested to derive from explorative
social behaviour (Riedstra and Groothuis, 2002) and SFP from a redirected
ground pecking behaviour (Blokhuis, 1989; Rodenburg et al., 2013). In extreme
cases SFP can culminate into cannibalistic tissue pecking, leading to mortality of
pecked birds. There are also other forms of cannibalistic tissue pecking: these are
vent pecking and toe pecking (Savory, 1995; Nicol et al., 2013; Rodenburg et al.,
2013). In vent pecking, pecks are directed at the vent and its surrounding area.
Vent pecking occurs frequently during egg laying as hens are attracted to the red

colour of the mucosa of the vent which is visible during egg laying (Potzsch et al.,
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General introduction

2001; Newberry, 2004). In toe pecking, pecks are directed at toes, substrate on
toes, and lesions on toes (Glatz and Bourke, 2006; Rodenburg et al., 2009b).
Feather pecking is different from aggressive pecking (Rodenburg et al., 2013).
Aggressive pecks are most often directed at the comb and head region and occur
during dominance interactions (Savory, 1995; Bil¢ik and Keeling, 1999). All
aforementioned types of pecking behaviour are some form of allo-pecking (i.e.
pecking another bird), while also self-directed pecking exists i.e. preening which
is performed out in connection with maintenance and cleaning of the plumage
(Sandilands and Savory, 2002). Preening consist of nibbling and pecking at own
feathers and involves body movements such as shakes and stretches of the wings
and tail (Sandilands and Savory, 2002). In this thesis | will refer to feather pecking
(FP) consisting of both gentle (GFP) and severe feather pecking (SFP).

SFP is a welfare problem, because it inflicts feather and/or tissue damage and
causes distress in the victims and because the behaviour indicates a bird’s

inability to cope with its environment.

1.2. WHY DO BIRDS FEATHER PECK?
The tendency to develop SFP can be influenced by a bird’'s individual
characteristics and environmental conditions. Therefore, SFP is considered a
multifactorial problem (Nicol et al., 2013; Rodenburg et al., 2013). Probably the
most influential environmental condition affecting the development of SFP is the
lack of suitable substrate for foraging and dust-bathing. SFP has been repeatedly
defined as a redirected from of ground pecking either derived from dust bathing
(Vestergaard and Lisborg, 1993; Vestergaard and Bildsoe, 1999) or foraging
pecking (Blokhuis, 1986), and is as such influenced by availability of substrate for

foraging or dust bathing (Huber-Eicher and Wechsler, 1998; Johnsen et al., 1998;

‘ ‘ 29701 Haas2.indd 15

15

18-07-14 18:07‘ ‘



16

Chapter 1

Nicol et al., 2001b). Supporting this redirected foraging theory of SFP is the
finding that when diluting hens’ food with insoluble feed substances which
prolongs time spent on foraging behaviour, the onset of SFP can be delayed and
feather damage can be diminished (Van Krimpen et al., 2005; 2009).

Specific housing conditions, such as a high light intensity (Kjeer and
Sorensen, 2002; Drake et al., 2010; Mohammed et al., 2010), a non-cage system
(Rodenburg et al., 2005;; Sherwin et al., 2010; Blokhuis et al., 2007), a lack of
available perches (Lay et al., 2011; Huber-Eicher and Audige, 1999; Gunnarsson et
al., 2000) and the presence of chain feeders (Drake et al., 2010) can, in many
cases, lead to aggravated SFP and feather damage (Nicol et al., 2013).
Additionally, the social settings of a bird’s housing conditions seem to contribute
to the development of SFP (Rodenburg and Koene, 2007; Uitdehaag et al., 2009).
For instance, a large group size and a high stocking density with more than >10
birds/m* (Huber-Eicher and Audige, 1999; Nicol et al., 1999; Bestman et al., 2009)
can cause an additional risk of feather damage due to SFP. In addition to the
aforementioned environmental conditions, a bird’s tendency to develop SFP can
be influenced by its inability to cope with fear and stress. Young laying hens
which are highly fearful (Jones et al., 1995; Rodenburg et al., 2004a) and sensitive
to stress as adults (Rodenburg et al., 2009a) have a high tendency to develop SFP
(Rodenburg et al., 2013). How birds cope with fear and stress may be related to
their serotonin (5-hydroxytryptamine: 5-HT) levels. It appears that low levels of
both central (van Hierden et al., 2002) and peripheral 5-HT (Bolhuis et al., 2009;
Rodenburg et al., 2009a) are associated with fearfulness and SFP. It is, however,
unclear to what extent a bird’s physical environment affects how it can cope with

fear and stress, and consequently the tendency to develop SFP. Further research
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is needed to understand the interplay between characteristics of birds and

their environmental conditions in influencing the tendency to develop SFP.

1.2.1 FEARFULNESS

Fearfulness at a young age has been phenotypically and genetically correlated
with SFP (Rodenburg et al., 2004a). At a young age, chicks of lines with a high
genetic propensity to develop SFP have repeatedly showed to respond more
fearful to fear tests compared to chicks of lines with a low genetic propensity to
develop SFP (Jones et al., 1995; Uitdehaag et al., 2008c¢). At an adult age, hens of
lines with a high genetic propensity to develop SFP also react more fearful to
stressful events, both behaviourally (Uitdehaag et al., 2008c; Bolhuis et al., 2009;
Rodenburg et al., 2009b) and physiologically (Uitdehaag et al., 2008¢; Rodenburg
et al., 20093; Uitdehaag et al., 2011). The consistency of this finding across
different lines suggests that fearfulness underlies the potential risk to start SFP.
However, why fearful birds have a higher tendency to develop SFP is still
relatively unclear. Not surprisingly, high fearfulness can be an effect of SFP, as
fearfulness and stress sensitivity increases when being a victim of SFP (Hughes &
Duncan, 1972; Vestergaard et al., 1993) and high fearfulness in groups relates to
higher levels of feather damage (Hughes and Duncan, 1972; Vestergaard et al.,
1993; Uitdehaag et al., 2006; 2008b; Rodenburg et al., 2010). The social setting in
which birds live can also influence fearfulness (Uitdehaag et al., 2009; 2011),
stress sensitivity and dopaminergic and serotonergic parameters (Fahey and
Cheng, 2008; Cheng and Fahey, 2009; Uitdehaag et al., 2011). As laying hens live
in groups it is relevant to assess the relationship between SFP and fearfulness
in relation to their social setting i.e. on a group level, and in large flocks which

are present on commercial laying hen farms.
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1.2.2. SEROTONIN AND DOPAMINE

Low levels of central serotonin (5-HT) and dopamine (DA) have been associated
with high SFP (van Hierden et al., 2002; 20043; Uitdehaag et al., 2011). However,
differences between studies exist and this relationship appears to depend on the
brain area and age when measured. At a young age, hens from lines with a high
tendency to develop SFP showed low 5-HT and DA turnover (van Hierden et al.,
2002; van Hierden et al., 2004a), while at an adult age SFP was related to high 5-
HT and DA activity in specific brain areas (Kops et al., 2014a; 2013b; Uitdehaag et
al., 2011). Furthermore, low levels of peripheral 5-HT, which is stored in the
platelets and originates from the gut (Berger et al., 2009), were recorded in adult
hens of lines with a high tendency to develop SFP and cannibalism (Buitenhuis et
al., 2006; Bolhuis et al., 2009; Rodenburg et al., 2009a; Uitdehaag et al., 2011). As
peripheral and central 5-HT appear correlated in laying hens (Uitdehaag et al.,
2011), measurements of peripheral 5-HT could be informative of a bird’s
potential to develop SFP under conditions where central 5-HT levels cannot be
measured (e.g. on-farm conditions).

In several species including humans, low levels of 5-HT have been
associated with high sustained fearfulness i.e. anxiety (Lesch et al., 1996) and
forms of abnormal pecking and plucking behaviour such as trichotillomania
(Bordnick, et al., 1994). Serotonin is involved in regulation of physiological
processes such as sleep, growth and reproduction, and behavioural responses,
such as impulsive and aggressive behaviour, and mood regulation (Angoa-Pérez
et al., 2012; Dalley and Roiser, 2012; De Boer et al., 2009; Berger et al., 2009).
Dopamine regulates reward related behaviour and plays a role in cognitive
functions which depend on motivation and motor control (Kalenscher et al.,

2006). To understand the role of 5-HT and DA in the development of SFP, it is
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important to assess the involvement of the serotonergic and dopaminergic
systems in different brain areas involved in fear and motor control. Knowledge ﬂ

on brain area specific modulation of 5-HT and DA involved in SFP would

contribute to the recent findings indicating that SFP relates to both high

fearfulness and high activity (Kjeer, 2009; de Haas et al., 2010). Recent studies

also show that the underlying factors of SFP are genetically predisposed

(Brunberg et al., 2011; Flisikowski et al., 2009). It is thus relevant to compare lines

which differ in potential predisposing traits for SFP.

1.3. THE LAYING HEN PRODUCTION CHAIN
Commercial laying hens are genetically selected for egg production (Muir et al.,
2008). Hens in the laying hen production chain are hybrids of two or more genetic
pure lines [see Figure 1.2]. The laying hen production chain consists of the parent

stock farms, rearing farms and laying farms [see Figure 1.3].

Figure 1.2. A graphical representation of genetic crosses which lead to the commercial
laying hen (four-way cross) used for egg production

X pure lines
X parent stock

laying hen
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Egg production intended for human consumption takes place on the laying farm.
The laying hens on these farms originate from fertilized eggs produced by the
parent stock i.e. flocks containing roosters and hens, and which have been reared

on rearing farms.

Figure 1.3. The laying hen production chain: with the parent stock consisting of
roosters and hens, the rearing flocks: offspring of parent stock and the laying flocks:
offspring of parent stock, rearing flocks in adult life.

Pictures with courtesy of laying hen farmers of Ter Heerdt BV.,
taken by Elske de Haas (parent stock and rearing flock), and Nanda Ursinus (laying flock)

After incubation of the fertilized eggs at a commercial hatchery, day-old chicks
are transferred to the rearing farms, where they stay until approximately 17
weeks of age. Hereafter the pullets are placed on the laying farm, where they will
start laying eggs from approximately 20 weeks of age onwards until approximate
70 weeks of age. The parental, rearing and laying environment are thus
completely separate from one another. Certain factors, which predispose laying
hens to develop SFP may derive from previous parts in the chain. An

assessment of risk factors for SFP needs to take into account all parts of the
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laying hen chain in order to determine from where the risk to develop SFP

derives from, and when it is highest.

1.4. GENETIC BACKGROUND AND PREDISPOSITION

The tendency to develop SFP may derive from genetic selection for egg
production traits. For example, commercial White Leghorn (WL) laying hen lines
selected for diverging egg production traits also differed in FP tendencies, mainly
GFP and to a lesser extent SFP (Blokhuis and Beutler, 1992; Blokhuis and
Beuving, 1993; Johnsen and Vestergaard, 1996). These lines also differed in stress
sensitivity, fearfulness and central 5-HT levels (Korte et al., 1997; 1999; van
Hierden et al., 2002; 2004a; 2005). Both GFP and SFP are moderately heritable
(Rodenburg et al., 2003) and genetic selection for and against SFP is feasible
(Kjeer et al., 2001; Buitenhuis and Kjaer, 2008). Divergent selection on both GFP
and SFP has yielded two lines, which distinctly differ in SFP and GFP (Kjeer et al.,
2001), production traits (Su et al., 2006), in coping with novel settings (de Haas et
al., 2010), activity patterns (Kjaer, 2009), peripheral 5-HT (Buitenhuis et al., 2006)
and brain DA levels (Kjzer et al., 2004b). Commercial laying hen strains derived
from a White Leghorn (WL) and Rhode Island Red (RIR) origin, which are (among
other production traits; van Sambeek, personal communication) selected on
white and brown eggs respectively also differ in traits related to SFP. The WL
hens, which are more flighty than RIR hens, are generally more fearful and stress-
sensitive and have higher levels of feather damage (Uitdehaag et al., 2006;
2008ac). In addition, WL hens have lower levels of peripheral and central 5-HT
levels and lower DA brain levels (Uitdehaag et al., 2011).

In selection for egg production traits, traditionally, the individual with the

highest egg production is selected as parent for the next generation. Genetic
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selection of certain individuals may invest in traits beneficial for the individual
but, potentially, detrimental for its group mates (e.g. potentially selecting for a
highly dominant or aggressive individual who monopolizes all resources). In a
recently developed selection method, information on an individual's egg
production and information on the mortality levels of the individual’s group-
housed siblings were combined (Bijma et al., 2006; 20073; Ellen et al., 2007). By
choosing hens with high individual production and low mortality levels in group-
housed siblings, mortality due to cannibalism declined in subsequent generations
(Bijma et al., 2006; Ellen et al., 2010). When comparing this low mortality line
(LML) with the same line selected on individual performance only (control line:
CL), birds from the LML had lower levels of feather damage (Bolhuis et al., 2009),
toe damage, and comb lesions (Rodenburg et al., 2009b). Birds from the LML
also had lower levels of fearfulness than birds from the CL in various test set-ups
and a lower stress response and higher peripheral 5-HT levels than CL birds
(Bolhuis et al., 2009; Rodenburg et al., 2009a; Nordquist et al., 2011). Until now
however, it is unknown if LML and CL birds also differ in central levels of 5-HT and
DA in brain areas involved in fearfulness and motor control. These studies show
that commercially selected laying hen lines differ substantially in their
predisposition for SFP and that this is related to fearfulness, stress sensitivity

and, serotonin and dopamine levels.

1.5. MATERNAL EFFECTS
In addition to a genetic predisposition SFP and high fearfulness may be
influenced by high levels of stress in the mother bird. In laying hens and quails,
chicks from mothers with high levels of plasma corticosterone (CORT) due to

living in an unpredictable environment show high levels of fearfulness (hens
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(Janczak et al., 2007b)) and emotional reactivity (quail (Guibert et al., 2011; 2012).
Also egg weight can be affected by high CORT in the mother bird (Janczak et al.,
2009; Henriksen et al., 2011b; 2013; Guibert et al.,, 2011). In a number of trans-
generational studies in laying hens and quails there are indications that stress in
the parental birds affects behaviour and stress sensitivity in the offspring
(Lindquvist et al., 2007; Goerlich et al., 2012; Guibert et al., 2011; 2012). Offspring
from stressed mothers showed similar behavioural and physiological responses
to stress and similar expression of genes related to the stress response as their
stressed parents (Lindqvist et al., 2007; Natt et al., 2009; Goerlich et al., 2012).
Until now, the influence of maternal effects in the development of SFP, which
relates to coping with fear and stress-sensitivity, has not been studied in the

laying hen production chain.

1.6. EARLY LIFE CONDITIONS
Early life conditions and experiences, combined with an animal’s genetic and
epigenetic background, can have substantial effects on its brain and behavioural
development (Rogers, 1995; Holmes et al., 2005; Rodenburg et al., 2008a; 20093;
Nordquist et al., 2013). The chicken’s brain continues to develop and mature over
the course of ten weeks post hatch (Atkinson et al., 2008). During this period, the
brain is particularly sensitive to environmental input (Rogers, 1994). For example,
in absence of a suitable foraging substrate, chicks may develop a preference for
pecking feathers. Several experimental studies have shown that absence or
limitation of foraging substrate during early life can induce SFP in early life
(Blokhuis and van der Haar, 1992; Huber-Eicher and Wechsler, 1997; 1998;

Johnsen et al., 1998; de Jong et al., 2013). The early life conditions and
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experiences can have a long-term effect, as it has been shown that lack of
foraging substrate during rearing increases SFP during the laying period
(Bestman et al., 2009; de Jong et al., 2013) although not all studies find similar
results (Dixon and Duncan, 2010). Until now it is not clear what the sensitive
periods for the development of SFP during early life are, and how
environmental factors may play a role in the development of SFP during early

life.

Figure 1.5. Feather damage score (0-12) by age in weeks for 18 laying hen flocks,
studied by Bright (2009).

12 4

104 ,

Total feather score

10 20 30 40 50 60 70

Dashed lines: flocks that developed feather pecking by 40 weeks (n = 7). Solid lines: flocks that had not
developed feather pecking by 40 weeks (n=11). Total feather score of 4 (severe feather damage) was used as
a threshold for flocks that developed feather pecking. Figure from Bright (2009)

1.7. THE LAYING PERIOD
Generally, the highest occurrences of SFP and feather damage are recorded
during the laying period (Bright, 2009) around peak of lay, i.e. around 30 weeks of
age [see Figure 1.5]. Although early life conditions seem to play a role in the
development of SFP, also factors during the laying period can affect SFP (Gilani

et al., 2013; Bestman et al., 2009; Lambton et al., 2010). This raises the question
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as to which environmental factors are crucial in the development of SFP under
commercial conditions, and during which period. During the laying period, many
housing factors can influence SFP of which especially availability of foraging

substrate and social factors appear to be most influential (Nicol et al., 2013).

1.7.1. FORAGING SUBSTRATE AVAILABILITY

Availability of a substrate to forage is important for laying hens, as adult laying
hens spend approximately 9o% of their active daytime on foraging behaviour
(Dawkins, 1989). If hens are prevented from performing foraging or dust bathing
pecks, a certain level of discomfort and frustration may evolve as their need to
peck for foraging or dust bathing cannot be fulfilled (Zimmerman and Koene,
1998; Rodenburg et al., 2004b). As a result of frustration, birds may redirect their
pecks to feathers of conspecifics. Experimental studies have shown that absence
of a foraging substrate during the laying period (Nicol et al., 2001b; de Jong et al.,
2013; Johnson et al., 1998) can initiate SFP and aggravate feather damage. These
findings are supported by on-farm studies, where limited foraging substrate on
the laying farm increased SFP and feather damage (Potzsch et al., 2001; Nicol et
al., 2001b; Lambton et al., 2010, Bestman et al., 2009; Bestman and Wagenaar,
2003). Foraging conditions thus seem pivotal in the development of SFP, both

during the rearing and laying period.

1.7.2.SOCIAL FACTORS
An important aspect in the housing conditions of group housed laying hens is the

social environment. Laying hens naturally live in groups and use cues from
conspecifics to obtain information on location and availability of food sources and
predator threats (Nicol, 2004). Therefore, hens likely pay attention to their group

mates and are influenced by their group mates’ behaviour. Usually, SFP is
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performed by a subset of individuals in a flock (Bil¢ik and Keeling, 1999; 2000;
Rodenburg et al., 2004a), but may spread through a group either by means of
social facilitation (suggested by Riedstra & Groothuis, 2002; Nicol, 1995; 2004) or
because other birds, initially not involved in SFP, can become attracted to the
ruffled/damaged feathers/denuded body areas and start SFP (McAdie and
Keeling, 2000). These social factors may especially play a role during early life,
where chicks use information from their conspecifics about what type of food to
ingest (Nicol, 2004). Social factors such as stocking density, group size and the
composition of the group can thus influence SFP directly or indirectly. A high
stocking density can increase the risk of SFP (Huber-Eicher and Audige, 1999;
Savory and Mann, 1997; Shimmura et al., 2008; Zimmerman et al., 2006), while
some studies indicate that a large group size increases the risk of SFP (Shimmura
et al., 2010, Nicol et al., 1999; Bilc¢ik and Keeling, 2000). In a set space, stocking
density and group size are, however, confounded. Studies attempting to
disentangle effects of group size and stocking density indicate that a large group
size does not always lead to more SFP (Savory and Mann, 1997; Zimmerman et
al., 2006). A potential explanation for differences in social effects on SFP can be
that hens of a different genetic origin respond differently to their social
environment. For example, when housing RIR hens, which have a low SFP
tendency, together with WL hens, which have a high SFP tendency, the RIR hens
developed SFP directed at the WL hens (Uitdehaag et al., 2009) and became
more fearful (Uitdehaag et al., 2008c; 2011). It appears that group composition
may facilitate SFP either directly or via effects on fearfulness. How group
composition and group sizes exactly influence fearfulness and SFP in a group

still remains to be elucidated.
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1.8. CONCLUSION
Severe feather pecking is a serious welfare problem in laying hens. Several laying ﬂ

hen lines which have a high genetic tendency to develop SFP, also exhibit high
fearfulness as well as alterations in central and peripheral serotonin levels and
central dopamine levels compared to lines with a low tendency to develop SFP.
The internal state of a bird, partly due to genetics, may play a central role in
development of SFP. Stress-sensitivity in mother birds may also influence SFP by
influencing fear levels in the offspring. External conditions of a bird including
aspects of the social group (group size, density and composition) and availability
of foraging substrate can influence SFP both at young and adult age. Together,
the internal and external conditions of a bird can thus affect development of SFP

[Figure 1.6], but it is unknown if and how these factors interact.
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Figure 1.6. Theoretical model on the risk factors in the development of SFP based on
the influence of the internal and external condition of the laying hen
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The black arrows show potential genetic and maternal effects acting on internal levels of high
fearfulness and high stress-sensitivity (CORT) and low serotonin (5-HT) and dopamine (DA) levels.
The white arrows show the expected external effects on SFP and high fearfulness. The grey arrow
show the relation between internal state of high fearfulness, stress-sensitivity and low levels of 5-
HT.

1.9. AIM AND SCOPE OF THIS THESIS

The main objective of this thesis was to determine the risk factors in the
development of SFP in the laying hen production chain pre- and post-hatch. First,
two studies were conducted under experimental conditions to gain more insight
into the principles of SFP with emphasis on why high fearfulness in young chicks
may lead to development of SFP (chapter 2) and the involvement of 5-HT and DA
levels in four brain areas of adult hens of the low mortality (LML) and control line
(CL) (chapter 3). Hereafter, in chapters 4, 5 and 6, the contribution of fearfulness,
stress sensitivity, and peripheral 5-HT levels were studied under on-farm

conditions in all parts of the laying hen chain: parent stock, rearing flocks, and
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laying flocks. These potential indicators or predictors of SFP were related to the
genetic background (G) of the birds and the environmental conditions (E) on-
farm, and when possible, the interactions between G*E. For this reason, we used
two commercial hybrids - Dekalb White and ISA brown — of which the ancestor
lines are known to differ in levels of fearfulness, stress sensitivity, 5-HT and DA
parameters as well as the tendency to develop SFP (Uitdehaag et al., 2011). As
maternal effects may play a role in the predisposition for developing SFP, the
parental flocks were studied first (chapter 4). It was assessed how parental birds
cope with fear and stress and how this relates to their production outcome.
Subsequently, it was assessed whether stress in the parent stock plays a role in
the development of fearfulness and SFP in their offspring, i.e. the rearing flocks
(chapter 5). Also in chapter 5, the ontogeny of SFP was assessed in relation to the
environmental conditions on the rearing farm and age of the chicks, in order to
determine the sensitive or risk periods for the development of SFP during early
life. In chapter 6, these rearing flocks were studied in the laying period. Here it
was assessed which risk factors during the rearing period and which risk factors
during the laying period would lead to high levels of feather damage (used as a
proxy for SFP). In chapter 7, a synthesis of this thesis is given and the major

findings are discussed.
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ABSTRACT

Fearfulness of an individual can affect its sensitivity to stress, while at the same
time the social situation in which an animal lives can affect its fear level. It is
however unknown what the long-term effects of high fearfulness on sensitivity to
stress are, on individual or group level in laying hens. We hypothesize that
increased fearfulness at a young age results in increased sensitivity to stress at an
adult age, and that this relation can differ between groups, due to differences in
group composition. Therefore, we studied the relation between fearfulness in an
Open Field (OF) test at six weeks of age and plasma-corticosterone (CORT) levels
after a 5-min Manual Restraint test (MR) at 33 weeks of age, and assessed
behaviour in the home pen. We used birds from a low mortality line, selected for
four generations on low mortality due to feather pecking and cannibalism and a
control line (n=153 in total, eight pens/line). These lines are known to differ in
fearfulness and stress physiology. Chicks from the low mortality line were more
active in the OF compared to chicks from the control line. Chicks that showed a
fearful response (no walking, no vocalizing) in the OF test had higher CORT at 33
weeks of age than chicks that walked and/or vocalized in the OF test and had
higher activity in the home pen as adults. On group level, a passive response in
the OF was related to high CORT levels after MR. Presence of at least one fearful
bird in a group led to higher CORT in the other group mates compared to birds
from groups with no fearful birds present. Birds from groups in which more than
50% of birds had severe comb lesions had higher CORT levels compared to birds
from groups with less than 50% of birds affected. High fearfulness of laying hen
chicks can on individual level have a long-term effect on stress sensitivity. The
presence of fearful birds in a group as well as signs of social instability in a group,
indicated by comb lesions, can affect sensitivity to stress of birds from the same
group. The mechanism by which this occurs can lie in social transmission of (fear
related) behaviour, but this suggestion needs further investigation.

KEYWORDS Fear, Laying hens, Group selection, Corticosterone, Anxiety,
Stress, Group behaviour, Social transmission
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2.12. INTRODUCTION

Fear is an animal’s state of apprehension to an imminent existing threat (Davis et
al.,, 2010). An animal’s fearfulness is therefore the likelihood of responding
fearfully to numerous potentially dangerous stimuli (Jones, 1996a). In response to
a threatening situation, a physiological stress response is initiated, consisting of
activation of the hypothalamic—pituitary—adrenal axis with release of
catecholamines ((nor)adrenaline) and corticosteroids (cortisol and/or
corticosterone) (Cockrem, 2007). Behaviourally, animals become more alert, and
they can either respond actively or passively in order to increase their survival
(Koolhaas et al., 1999). An animal’s fearfulness and its physiological stress-
response are therefore, within a short time frame, related. In some species it has
been found that a high sustained fear level causes an increased vulnerability to
stress in later life (Sandi and Rose, 1994; Pawlak et al., 2008; Calandreau et al.,
2011b).

Factors which can influence an animal’s fear level can be its genetic
make-up, unpredictable and uncontrollable (early) life experiences and
associative learning experiences (Barlow, 2000). Furthermore, the social
environment may also affect an animal’s fear level (Clément and Chapouthier,
1998). Exposure to a stressed adult cage-mate can induce anxiety (perceiving a
situation as threatening (Lang et al., 2000)) in young mice (Jacobson-Pick et al.,
2011). When this occurs in early life, it can influence stress sensitivity (Anisman et
al., 2003) and possibly also social behaviour (suggested by Sachser et al., 1998). In
laying hens, fearful individuals may cause other hens to become more fearful
(Uitdehaag et al., 2009). For example, it has been shown that housing birds from

a fearful line together with birds from a non-fearful line, led to increased
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fearfulness in the birds from the non-fearful line (Uitdehaag et al., 2008c). Others
(Cheng et al., 2002) also found an effect of mixing birds from a fearful line with
birds from a less fearful line on basal corticosterone levels. Irrespective of mixing
laying hens in groups which can be stressful as such (Uitdehaag et al., 2008c)
differences in fear level between stable groups of laying hens are known to exist
(Vestergaard et al., 1993). Social interactions between animals with different
behavioural characteristics could influence the development of fearfulness. As
such, group composition may affect fear level within a group, and, potentially
stress sensitivity.

Fearfulness in a group can also be affected by the method of breeding.
Traditional breeding of laying hens consists of choosing the individuals with the
highest egg-production. Individual egg production can only be measured in
individually housed hens, and therefore no information on social behaviour is
available from these individually housed hens. A recently developed breeding
method enables one to select birds on the basis of a combination of individual
and group performance (Ellen et al., 2007). Selection is still based on individual
egg production, but with additional information on levels of mortality due to
cannibalism and feather pecking of relatives living in a four-hen family cage (Ellen
et al., 2007). This group selection method has been shown to reduce fear in the
second generation of selection on low mortality (from now on labelled low
mortality line) (Bolhuis et al., 2009). Chicks from the second generation on low
mortality were more active in the Open Field test than chicks from a control line
(selected on individual egg production only) (Rodenburg et al., 2009b). As adults,
hens from the low mortality line had lower corticosterone levels after a restraint
test (Rodenburg et al., 2009a) and higher whole-blood serotonin and lower

serotonin-uptake (Bolhuis et al., 2009) than control hens. Serotonin is known to
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be involved in fear, anxiety and stress (Lucki, 1998; Schwarting et al., 1998;
Antoniou et al., 2000; Metzger et al., 2002; Pawlak et al., 2008). Thus, selection
on group performance seemed to have reduced fearfulness and response to
stress in comparison to selection on individual performance only.

The aim of this study was to assess the long-term effects of fearfulness.
Therefore, we used lines which were known to differ in fearfulness and stress
physiology (low mortality line versus control line). Our hypothesis was that
increased fearfulness at a young age results in increased stress sensitivity at an
adult age, but that this relation can differ between groups. Additionally, we
wanted to determine if differences between groups in home pen behaviour could
be affected by fear level of individuals within a group. As the low mortality line
was selected on the basis of reduced levels of mortality due to cannibalism and

feather pecking, we also assessed differences in body damage due to pecking.

2.2. MATERIAL AND METHODS

2.2.1. ANIMALS AND HOUSING

Two White leghorn lines from ISA BV, the layer breeding division of Hendrix
Genetics, were used: a low mortality line and a control line. The low mortality line
was selected for four generations on low mortality in group housing (Ellen et al.,
2007). Selection candidates were housed individually, to enable recording of
individual egg-production. Siblings of these selection candidates were housed in
family groups and in those (non-beak trimmed) groups mortality was recorded.
Only selection candidates with low mortality levels in the group of siblings and
sufficient individual egg-production were selected as parents for the next
generation of the low mortality line. In the control line, the standard commercial

breeding program was implemented (focusing on individual egg-production).
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Eggs from both lines were brooded at the experimental farm ‘De Haar’
(Wageningen University, the Netherlands). After hatching, chicks received a neck
tag with a colour/number combination. Per line, 104 chicks were randomly
assigned to one of eight 13-chick floor-pens measuring 1.9*1.2 m, where they had
access to sand (1/3 of the surface), wood-shavings (2/3 of the surface), a 10 cm
high perch (dividing both areas) and had ad libitum water and food. The pens
were situated in two different rooms, with an equal number of pens per line
within both rooms. A commercial mash diet was provided; a starter diet (weeks
1-5), a starter 2 diet (weeks 6-16) and a layer diet (from week 17 onwards).
Throughout the experiment whole grains were scattered once a day around 8
a.m. in the sand area (particle size adjusted to bird age). At seven weeks of age a
50 cm high perch was added in the wood-shavings area and group size was
reduced to ten birds per pen. At 17 weeks of age, a group nest was added in each
of the pens. One hundred and fifty three hens were retained in the experiment (21
pens with 10 hens/pen, 3 pens with g hens/pen, and 2 pens with 8 hens/pen). This
experiment was approved by the Institutional Care and Use Committee and in
accordance with Dutch legislation on the treatment of experimental animals, in
conformation with the ETS123 (Council of Europe 1985) and the 86/609/EEC

Directive.

2.2.2. BEHAVIOURAL OBSERVATIONS

Birds were individually subjected to two tests: an Open Field (OF) test at six-
weeks of age and a Manual Restraint (MR) test at 33 weeks of age. Body damage
was assessed at 30 weeks of age, and home pen observations took place between

one and four weeks of age, and 30 and 33 weeks of age. Order of
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testing/observations was balanced for lines, birds and pens. The experimenter

was blind to the allocation of lines and designation of pens and birds within pens.

OPEN FIELD TEST

Each bird (n=153) was individually subjected to an Open Field for a duration of
five minutes (see (Rodenburg et al., 2009b) for a detailed description of test set-
up)- Birds were tested between 8 a.m. and 4 p.m. over a 10-day period. A square
barren observation pen measuring 1.25%1.25 m (4.1%4.1 ft.) operated as OF, with
wire walls through which camera recordings were obtained. A chick was placed in
the middle of the OF, which was kept dark until the start of the test. Behaviour
was scored from a video-screen in an adjacent room by a single person using the
Observer software package (Noldus Information Technology B.V., Wageningen,
The Netherlands). Durations and latencies to walk, stand, sit and vocalize
(distress calls (Collias, 1987)) were recorded, as well as the number of
vocalizations. Chicks were transported to and from the test arena in a cardboard

box.

BODY DAMAGE

Body damage was scored on each bird at 30 weeks of age, based on Welfare
Quality (2009). Damage to neck, back and belly were used as indicators for severe
feather pecking (Bil¢ik and Keeling, 1999). All regions were scored on a three
point scale: intact/slight wear (a), moderate wear (b) and featherless areas (c),
and summed to give a whole body index. The total score was either; zero (all
regions had “a”), one (only one region with “b” led to a total score of one) or two
(only one region with “c” led to a total score of two) based on Welfare Quality

(2009). Comb lesions were scored on a three-point scale; zero (no lesions), one
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(less than three lesions), two (more than three lesions) modified from (Tauson et

al., 2005).

HOME PEN OBSERVATIONS

Home pen observations took place between one and four weeks of age, and 30-
33 weeks of age, once a week between g9.30 a.m. and 4 p.m. alternating morning
and afternoon in a balanced design (each pen was observed twice in the morning
and twice in the afternoon) by the use of scan sampling (Martin and Bateson,
2007) with a duration of 20 min with four-minute interval at young age, while at
adult age 1 h with three-minute interval was used (both leading to 18 s/bird
observation time). Individual hen's behaviour was entered on a PSION hand-
computer with a pre-programmed ethogram. The number of behaviour
recordings (scans) was expressed as the proportion of behaviour performed in
relation to the total observation time, averaged over all observation days by age
(young and adult). We clustered behaviours related to activity (walking, dust-
bathing, eating, foraging and drinking), non-active behaviour (standing, resting,
preening, perching, and inside the nest-box), so as to have measurements on

general activity in the pens.

MANUAL RESTRAINT TEST

At 33 weeks of age, each hen was individually subjected to a Manual Restraint
(MR) test situated in a room adjacent to her home pen A hen was placed on her
right side on a table covered with cardboard, with the right hand of the
experimenter covering the hen’s trunk and the left hand gently stretching the
hen’s legs (Bolhuis et al., 2009). Hens were restrained in this position for 5 min.
Consecutive struggles were scored as escape attempts, after which the hen was

brought back in start position. Recording of struggles were measured as
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frequency and binominal variable (yes/no). All hens were tested within 2 days by
two observers. Distribution of hens over observers, time of the day (4 blocks of 2

h (approx. 20 hens per block) per test day) was balanced for pens and lines.

PLASMA CORTICOSTERONE POST MANUAL RESTRAINT

Immediately after the Manual Restraint (MR) test, 2 ml of blood was drawn from
the bird's wing vein and collected in a four ml EDTA tube for corticosterone
analysis. Samples were centrifuged at 5251 RCF for six min. Plasma was obtained
and stored at -20 °C before analysis at the Laboratory of Physiology and
Immunology of Domestic Animals in Leuven (Belgium). Plasma-corticosterone
concentration was determined by a radioimmunoassay kit (IDS Inc., Bolton, UK),
as described previously (Buyse et al., 1987). Post-MR corticosterone levels are

hereafter labelled CORT.

2.3. STATISTICAL ANALYSIS

SAS Software 9.2 was used for statistical analysis. Effects of line on OF
behaviour, MR behaviour and CORT were tested with a mixed model with line,
observer (only for MR), and stable as fixed effects, and pen nested within line and
stable as random effect. Effects of line on comb damage and feather damage
scores and on occurrence of struggles in the MR test (expressed as binominal
variable) were assessed with a Chi-square test of independence. Birds were
categorized based on their OF response as: freeze (F) (i.e. no walking and no
vocalizing); walking and vocalizing (WV), no walking but vocalizing (V) and
walking but not vocalizing (W). Effects of OF category and body damage on
corticosterone were assessed by a mixed model with line (low and control),

rooms (1 and 2), comb lesions (o, 1, 2) and category (F,WV, V and W) in the OF
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test and block (eight blocks, four blocks per test day, to assess effects due to
diurnal rhythms of CORT (Beuving and Blokhuis, 1997)) as fixed effects and pen
nested within line and stable as random effect. To correct for activity in the MR
test, which could increase CORT as such (Koolhaas et al., 2011), the number of
struggles during MR test was added as a co-variable. To correct for order of
testing, sequence number was also added as a co-variable. To calculate
correlations between OF response and CORT on pen level, data were averaged
per pen. Pearson correlations were calculated on the residuals of a general linear
model, correcting for the fixed effect of line. Further, it was tested how group
composition affected CORT of individual birds within groups. We tested whether
the absence or presence of F chicks in a pen and the level of comb lesions within a
pen (more or less than 50% of the birds with score 2) affected individual CORT
levels of the other (WV, V or W) birds within a pen. The mixed model for this
comparison contained line, presencefabsence of F birds, level of comb lesions,
and their interaction as fixed effects and pen nested within line, presence or
absence of F birds and level of comb lesions as random effect. As feather damage
was very low in both lines we did not include it in the model. Home pen behaviour
was analysed with fixed effects of line, room, comb lesions and OF category and
pen nested within line and stable as random effect. Additionally, group
composition effects on home pen behaviour were analysed with the same model

used to study the effects of group composition on CORT.

2.4. RESULTS

2.4.1 LINE EFFECTS

For line effects, see Table 2.1. In the Open Field, chicks of the low mortality line

vocalized more (F1, 14=7.67, P=0.02), spent more time standing (F1, 14=4.76,
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P=0.05) and tended to have a shorter latency to stand (F1, 14 = 3.64, P = 0.08) and
a shorter duration of sitting (F1, 14 = 3.65, P = 0.08) than chicks of the control line.
Lines did not differ in walking duration, latency to vocalize, number of hens with
different OF categories, level of comb lesions or feather damage, behavioural or

CORT response to MR.

2.4.2. RELATION BETWEEN OPEN FIELD BEHAVIOUR, POST-MR
CORTICOSTERONE AND HOME PEN BEHAVIOUR

Birds showing freezing (F) during the OF (i.e. no walking or vocalizing) at six
weeks of age had higher CORT levels at 33 weeks of age than birds classified as
WV (walking and vocalizing), V (only vocalizing) or W (only walking) (F3, 123 =
2.57, P = 0.05, see Figure 2.1A). Post-MR CORT increased when struggles in the
MR test increased (F1, 123 = 9.58, P < 0.01), but were not affected by the level of
comb lesions (F2, 123 = 0.09, P = 0.9). Open Field classification did not affect the
behavioural response during MR [Figure 2.1B,C]. As adult — but not as young —
proportion of time spent on active behaviour in the home pen tended to be
higher for F birds than WV, V and W birds (F3, 132 = 2.27, P = 0.08, Figure 2.2) and
for birds with no comb lesions (F2, 132 = 2.74, P = 0.07; no lesions: 51%, lesion

score 1: 47% and lesion score 2: 45%).
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Table 2.1. Weights, Open Field behaviour and classification, comb and feather damage,
and struggles during the Manual Restraint (MR) test, and post-MR corticosterone levels of
hens from a low mortality and control line.

Variables Low mortality Control
Weight

At hatch (wk. 0) (g) 37.6+0.2 37.7£0.2
At 7 weeks 408+6.6 430%12.4
Open Field behaviour

Walking duration (s) 21.0%4.5 19.2£4.0
Vocalization frequency 42.5+3.3° 30.312.9b
Vocalization latency (s) 95.6+11.8 122.9+12.0
Sitting duration (s) 110.0+11.3" 147.7+10.7°
Standing latency (s) 110.9+11.0" 148.4+10.7"
Standing duration (s) 160.9+10.5° 126.4%9.4°

Classification based on Open Field behaviour

Freezing (Not Walk Not Vocalize) (F) 8(10%) 11(25%)
Walk (W) 2(2%) 3(4%)

Vocalize (V) £40(52%) 29(39%)
Walk and Vocalize (WV) 28(36%) 32(42%)

Comb lesions®

o (no lesions) 29 20
1 (<3 lesions) 28 24
2 (>3 lesions) 21 31
Feather score’

o (no damage) 55 59
1 (one area with <scm bald patches) 23 16

Manual Restraint (MR) test

Number of struggles 0.5%0.1 0.7+0.2
Number of vocalizations 14.4%5.2 8.0%4.4
Latency to struggle (s) 274.2+6.2 272.0%7.1
Latency to vocalize (s) 251.5+8.8 264.617.7
Post MR corticosterone levels (ng/ml) 8.88+2.4 8.34%2.1

numbers with a different superscript differ ab(P<o0.05), yz(P<0.1)," based on Welfare Quality®, 200g,
* total feather score, based on damage to neck, back and belly region.
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Figure 2.1. Post Manual Restraint plasma-corticosterone (ng/ml) at 33 weeks of age of
birds which froze, only walked, only vocalized, or vocalized and walked in the Open-Field
at six-weeks of age (A)
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Figure 2.1. Latency to vocalize and struggle (B) and number of struggles and
vocalization (C) during the MR test at 33 weeks of age of birds which froze, only walked,
only vocalized, or vocalized and walked in the Open-Field at six-weeks of age
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Figure 2.2. Proportion of time spent on active and inactive behaviour in the home pen
between 30 and 33 weeks of age of birds which froze, only walked, only vocalized, and
vocalized and walked in the Open-Field at six-weeks of age.

Walk and Vocalize Walk
Vocalize Freeze

W Active
behaviour

o Inactive
behaviour

*active behaviour comprises of sum of time spent on: walking, dust-bathing, eating, foraging and
drinking in proportion of the total time spent on active and inactive behaviour * Inactive behaviour
comprises of sum of time spent on: standing, resting, preening, perching and inside the nest box in
proportion of the total time spent on active and inactive behaviour

2.4.3. GROUP EFFECTS
On a group level, correlations were found between OF behaviour and CORT. The

average latency to vocalize (r = 0.57, P < 0.05) and the average duration of sitting
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(r = 0.64, P < 0.01) were positively correlated with average CORT, while the
average duration of walking was negatively correlated with average CORT (r =
-0.71, P < 0.01), see Figure 2.3. The presence of F birds within a group affected
group-average CORT (F1, 11 = 6.14, P = 0.03, F birds in group= 9.26 + 0.58, no F
birds in group = 7.25 + 0.58 ng/ml). But group-average CORT was not affected by
the presence of F birds per se, as this effect could also be seen when the F birds
were excluded from the analysis. Post-MR corticosterone levels of birds with
classifications WV, V and W were higher if a F bird was present in the group (Fz1,
11 = 7.70, P = 0.02), if more than 50% of the birds within a group had severe comb
lesions (F1, 11 = 5.53, P = 0.02) and tended to be affected by the interaction
between the presence of F birds and comb lesions (interaction: comb lesions *

presence/absence of F birds/group: F1, 11 =3.22, P = 0.07), see Figure 2.4.

2.5. DISCUSSION

The aim of this study was to assess the relation between behaviour in an Open
Field (OF) test at six weeks of age with post-Manual Restraint corticosterone
(CORT) levels at 33 weeks of age, with the use of birds from a low mortality and
control line. Chicks from the low mortality line were, as expected, more active in
the OF than chicks from the control line. Birds that showed freezing behaviour in
the OF, i.e. no walking or vocalizing, had higher CORT levels compared to chicks
that walked and/or vocalized in the OF. We found correlations between pen-
average OF behaviour and pen-average CORT. Post-MR CORT levels of birds
were affected by the presence of fearful birds in the pen, and were related to

proportion of birds with high levels of comb lesions in the pen.
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Figure 2.3. Correlations(r) between group-averages of plasma-corticosterone levels
post a 5-min Manual Restraint test at 33 weeks of age with group-average duration of

walking (A), sitting (B) and latency to vocalize (C) in the Open Field test at six weeks of
age, based on residuals of a model including effects of line (n=8 pens/line)
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Figure 2.4. Plasma-corticosterone (ng/ml) post a 5-min Manual Restraint test at 33

weeks of age of birds that walked and/or vocalized in the Open-Field (OF) at six weeks of

age in: (A) groups with high/low level of comb lesions (CL) and in groups with birds that

froze (F) in the OF test present or absent; and the interaction between fearful birds

present/absence and level of comb lesions (B)
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2.5.1. LINE EFFECTS

Chicks from the low mortality line expressed more vocalizations and had a
shorter latency to stand in the OF than chicks from the control line. Inhibition of
birds to ambulate and vocalize serves to avoid predation and therefore most
likely represents high fear for predation (Gallup and Suarez, 1980; Jones, 19963;
Forkman et al.,, 2007). Thus, conversely, ambulation measurements such as
number of steps and duration of walking in the OF, as measures of
exploration/activity, likely represent low fear for predation (Forkman et al., 2007).
Standing up, however, can be a precursor for locomotion (Rodenburg et al,,
2003b). A short latency to stand — from a low posture to an upright position — may
indicate less fear for predation in the chicks from the low mortality line (also
found by (Rodenburg et al., 2009b)), as movement can increase the ris