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Abstract

Animal welfare is an increasingly important theme in society, that affects and has affected many
species in the way they are kept. One way to measure welfare of laying hens, is by looking at their
integument (feathers and skin). An integument in bad condition indicates problems in environment,
nutrition, health, or feather pecking; a problematic behaviour that increased in prevalence since laying
hens are nowadays frequently held in non-caging systems. This study aimed to determine whether
adding straw as environmental enrichment could reduce improve welfare of laying hens at four
Herenboeren farms in the Netherlands, where hens were temporarily kept indoors due to HPAI
outbreaks. Feather Scores (FS), Wound Scores (WS), Total Score (TS) (WS+FS=TS) and Total Pin Feather
Scores (TPFS, to assess feather regrowth), were evaluated at three distinct time points (T1, T2, T3), on
four farms. During every assessment 50 chickens were randomly selected and examined in flocks that
ranged between 120 and 243 chickens. Environmental enrichment involved adding 3-5 kg of straw per

square meter to the outdoor runs, after the baseline measurement at T1.

Statistical analyses using Friedman and Wilcoxon signed-rank tests showed significant improvements
in all groups combined TS (P=2.785e-7), FS: (P=3.971e-5), WS (P=1.659e-10) over time, but particularly
in two groups that initially showed more feather- and skin damage than the other groups. The TPFS
analysis indicated clear signs of feather regeneration (P = 1.331e-6). The findings of the study support
the hypothesis that states straw as environmental enrichment can significantly reduce feather damage
and very likely also feather pecking behaviour. This highlights that simple modifications can improve
welfare of laying hens significantly. However, limitations such as variation in farm conditions, and the
short duration of the study suggest that further research with more controlled variables and longer

follow-up is necessary to validate and optimize the enrichment practices.
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Introduction

Basics of animal welfare

“Human beings have direct duties towards animals, because animals are beings that can flourish, the
flourishing of animals is intrinsically or inherently valuable, and that which is conducive to their
flourishing is a legitimate object of moral concern” (Heeger & Brom, 2001). This quotation is one of
many, that underscores the importance of animal welfare; a principle that gained popularity after the
second world war, when mass production grew at the expense of animal health and welfare.
Publications such as 'Animal Machines' and 'The Brambell Report' in the 1960s highlighted the suffering
of animals and the lack of animal welfare, raising public awareness and leading to greater concern for
animal welfare (Harrison, 2013; Majewski et al, 2024; Sayer, 2013). Especially in the last few decades
animal welfare gained popularity and attention (Majewski et al, 2024; Duncan, 2019; Rushen, 2008).
Society is and has been constantly changing, nationally and internationally, and so is the role of animals
within it. Animals used to be solely seen as food or instrument, with practical or sometimes symbolic
use, but are nowadays considered sane beings with intrinsic value of their own, as has also been
written down in Dutch- and international law (Fogle, 1999; European Parliament, 2021; Wet dieren,
2024). The livestock production industry has been significantly influenced by the adoption of animal
welfare principles, which have made a lasting impact since the introduction of the ‘Five Freedoms’ in
1965 (Brambell, 1965; Webster, 2016). Brambell stated that positive animal welfare can be achieved
if animals are free of 1 hunger and thirst or inadequate food, 2 thermal and physical discomfort, 3 pain,
injury and disease, 4 fear and chronic stress and 5 are able to express normal, species-specific
behavioural patterns (Brambel, 1965, Ohl & van der Staay, 2012). The five freedoms have persisted as
foundation for newly created animal welfare benchmarks worldwide (Dermatoto et al., 2017; He et
al., 2022, Majewski et al, 2024). Ohl & van der Staay have adjusted them into a more dynamic concept,
that included being able to adjust and cope with negative emotions, as animals have evolved that way,
leading to the line: “positive welfare implies that the animal has the freedom and capacity to react
appropriately to both positive and potentially harmful (negative) stimuli, given the limits of the animals’
capacity to adapt” (Ohl & van der Staay, 2012). Barnard and Hurst stated that the adaptability limits
are set by the environment or evolutionary adaptedness (Barnard and Hurst, 1996). Implementing the
2012’ welfare concept into the five freedoms resulted in “An individual is in a positive welfare state
when it has the freedom adequately to react to hunger, thirst or incorrect food; thermal and physical
discomfort; injuries or diseases; fear and chronic stress, and thus, the freedom to display normal

behavioural patterns that allow the animal to adapt to the demands of the prevailing environmental
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circumstances and enable it to reach a state that it perceives as positive”’ (Ohl & van der Staay, 2012).
The Dutch government has even expanded on these foundations by incorporating six principles of
animal-worthy livestock farming, which include intrinsic value and integrity, good feeding, good
housing, good health, opportunities for natural behaviour, and a positive mental state. These principles

were outlined in the animal-worthy livestock farming covenant (Rijksoverheid, 2023).

Not only ethical considerations highlight the importance of animal welfare. Welfare also directly
influences productivity. For instance, Moura et al. (2006) found that animals in good welfare conditions
showed higher production levels, and according to Fraser et al. (1997), improving the circumstances in
which farm animals live can lead to better overall health and productivity. Furthermore, Broom (2001)
highlights that animals in better welfare states exhibit fewer stress behaviours and increased efficiency
in production systems. A state of distress, as an example of suboptimal welfare, alters any animals
normal body function, which can directly lead to a reduction in production (Thaxton, 2004).
Additionally, stress can impair reproductive performance, lower body weight, and suppress the
immune system, emphasizing the importance of animal welfare for both the productivity of the farm

and the health of the animals (Mumma et al., 2006).
Laying hen welfare

Worldwide, an increasing number of nowadays around 8 billion laying hens are kept for egg
production, of which most are kept in cage systems (Ritchie, 2023; Yuhuan & Fu, 2019; Guyonnet,
2022; Eurostat, 2022). In Europe, more attention for improving animal welfare led to a ban on
conventional battery cage systems on laying hen farms in 2012 (Schuck-Paim et al, 2021; European
Commission, 2024; Majewski et al, 2024). A review written by Hartcher & Jones states that
conventional cages cause extreme behavioural restriction, poor musculoskeletal strength and increase
the risk of bone fractures in hens (Hartcher & Jones, 2017). In the EU, individual member states have
implemented various bans on all types of cages, as the European Commission has committed to
phasing out caged systems by 2027, to improve animal welfare standards across the EU (European
Commission, 2024). Germany for instance, plans to ban enriched cages by at least 2028, while
Luxembourg and Austria have already prohibited their use (European Parliament, 2020). In the
Netherlands, the government has also taken steps towards improving animal welfare by implementing
stricter regulations and gradually phasing out the use of enriched cages (Wet dieren, 2024). The
European Commission also emphasizes the importance of providing alternative systems that enhance
laying hen welfare, such as barn and free-range systems (Eurogroup for Animals, 2023; House of

Commons Library, 2023; European Commission, 2024). Cage-free systems (indoor, free-range, and
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organic) offer more freedom of movement and possibilities to express natural behaviour (De Jong &
Blokhuis, 2014). Along with that, the ban on cage systems came with an improvement of chicken
welfare on different aspects, as the environment allows more natural behaviour like dustbathing,
nesting, perching, social interaction, and other priority behaviours (Cooper & Albentosa, 2003; De Jong
& Blokhuis, 2014). Nevertheless, housing poultry in much larger flocks also led to new welfare
obstacles. Feather pecking (FP) emerged as a prevalent, hard to control and significant problematic
behaviour on farms following the restriction of caging systems and is identified as the primary cause
of feather damage (FD) in laying hens and can lead to cannibalism and death, severely impacting laying

hen welfare (Rodenburg et al, 2005; Windhorst, 2017; Cronin & Glatz, 2020).
Feather pecking

FP can be described as pecking at- and pulling out feathers of other birds (Bilcik & Keeling, 1999; Sun
etal, 2014). Pecking behaviour among birds can be divided in two distinct forms: gentle feather pecking
(GFP) and severe feather pecking (SFP) (Savory, 1995; Rodenburg et al., 2013). Firstly, GFP is a type of
behaviour that is believed to be functional in building social relationships, commonly observed during
the rearing period (Huber-Eicher, 1999). GFP refers to pecking behaviour that causes minimal or no
damage to feathers and elicits either no response or only a mild reaction from the recipient bird, but
could be the cause of a more problematic behaviour (McAdie and Keeling, 2000). GFP can shift to SFP,
which needs to be seen as a serious welfare and economical issue (Petek & McKinstry, 2010). On
welfare aspects, SFP can cause pain, stress, injuries, increased susceptibility to disease and fear (Gentle
& Hunter, 1991; Cronin & Glatz, 2020). Added to that, severe FD can lead to naked areas on the skin
of the bird. These exposed areas may draw additional aggressive pecking, leading to injury, ultimately
escalating to cannibalism and death of the affected bird (Blokhuis & van der Haar, 1992; Savory &
Mann, 1997; McAdie & Keeling, 2000). Many studies show a high prevalence of FP on cage-free farms.
For example, during one study on cage-free housing systems, researchers discovered a significant
prevalence of FP, with as many as 99% of hens affected by FP and up to 12.6% by cloacal cannibalism
(Gunnarsson et al., 1999). In another study on the prevalence of FP involving 630 birds housed in
experimental pens, Rodenburg et al. concluded that while the majority exhibited GFP at six weeks of
age, only 2% showed SFP. By the time the birds reached 30 weeks of age, SFP was observed in 15% of
the birds (Rodenburg, 2005). One year later, a literature review on studies in large-scale commercial
flocks indicated that 40-80% of the flocks suffered from FP (Blokhuis et al., 2007). Research conducted
by Bessei & Kjaer indicates that the emergence of SFP is triggered by a small proportion of birds, which
may then spread this behaviour throughout the flock easily in alternative housing systems, compared

to the conventional cages (Bessei & Kjaer, 2015). Birds that experience FP are more susceptible to
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further pecking, cannibalism, and injuries, leading to an even further decrease in animal welfare

(Campe et al., 2018).

Next to welfare issues, significant occurrence of SFP can also lead to substantial economic losses for
the industry (Bilcik & Keeling, 1999; Petek & McKinstry, 2010). To start with, FP-induced cannibalism
can be a cause of mortality on laying hen farms (Appleby & Hughes, 1991; Cheng 2006; Lambton et al,
2013). In cage-free systems, mortality rates can often exceed 15% or even 20% due to SFP, which is
significantly higher than in cage systems (Blokhuis et al, 2005; Blokhuis et al, 2007; Rodenburg et al,
2012). During a study of deceased birds undergoing post-mortem examination in Sweden, it was found
that 18.6% of mortality in indoor cage-free systems and 26.1% in free-range systems was attributed to
cannibalism (Fossum et al., 2009). Added to that, Tauson & Svensson (1981) showed chickens with
poor feather coverage have a lower feed conversion ratio, and Blokhuis et al. stated that they need
40% more food to maintain body temperature (Tauson & Svensson, 1981; Blokhuis et al., 2007).
Furthermore, research has shown that stress, due to SFP, can lead to a reduction in both egg quality
and egg weight in laying hens (Hedlund & Jensen, 2022). All in all feather-pecking stands out as a critical
welfare issue among laying hens, due to its frequent incidence and damaging nature (Bestman et al.,

2009; Gilani et al., 2013).
Factors that influence feather pecking

McAdie and Keeling (2000) suggested that SFP can develop from GFP, either by increased severity or
increased intensity of pecks, while Nicol (2018) states that both internal and external factors, such as
stress and fear, result in chickens pecking each other’s feathers. Added to that, multiple other
underlying causes of SFP have been extensively described in many studies over the past decades,
defining FP as a multi-factorial behaviour with a range of influencing factors, under which early-life
experiences, genetics, fearfulness, diet, feeding behaviour, individual bird variation and stress
(Rodenburg et al, 2010; Rodenburg et al., 2013; Grams et al, 2015; Hartcher, et al., 2016; Jensen et al.,
2005). Another major factor that has shown to play an important role (though not the only role) in
reducing the occurrence of FP on chicken farms is environmental enrichment (Schwarzer et al., 2021;
van Staaveren et al., 2021). Environmental factors that have been described as influencing factors for
FP include availability of litter, stocking density, perches, feeders and drinkers, climate and amount of
light, and available material to perform foraging behaviour (Bestman et al., 2009; Huber-Eicher & Sebo,
2001; Huber-Eicher & Audigé, 1999; Knierim et al., 2008; Drake et al., 2010; Lambton, 2008; Blokhuis
& Arkes, 1984). Even though much research has been performed on the causes of FP behaviour, various

theories on the main cause still exist, while the exact solution is still not well-described. FP is in many
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countries still restrained by remedial measures, such as beak trimming and reduced lighting, which
address the damage caused by FP, but cannot prevent the onset of the problem (Petek & Mckinstry,
2010). Added to that, beak trimming creates welfare concerns of its own, like acute and chronic pain
and beak malformations (Gilani et al., 2013; Hartcher et al., 2015; Quartarone et al., 2012). As many
countries have banned beak trimming in the last decade (Switzerland, Sweden, Norway, Finland,
Germany and the Netherlands), it has become increasingly important to minimize FP prevalence by
addressing the cause of the problem (van Horne and Achterbosch, 2008; Petek and Mckinstry, 2010;
Gilani et al., 2013; Rodenburg et al., 2013).

The importance of foraging behaviour

Four Herenboeren#*, all located across the west and south of the Netherlands, were keen to know if
there was anything simple they could do to maximize chicken welfare on their farms, while their
chickens needed to be kept indoors due to Highly Pathogenic Avian Influenza (HPAI) outbreaks in the
Netherlands, and showed or had shown signs of the presence of FP. One of the ideas to make this
happen, was to add straw to the chicken runs as environmental enrichment, as literature provided
promising results in comparable studies. Previously done studies on foraging behaviour have led to the
so-called ‘re-directed pecking theory’. Blokhuis proposed that FP is likely a form of redirected ground
pecking behaviour (Blokhuis, 1989). In short, the theory implicates there is a direct linkage between FP
and not being able to satisfy the need to search for food. After all, on most farms nowadays laying
hens get all their food from the feeding through, and so they no longer need to make an effort to find
their food. When inhibiting food-searching behaviour, ground pecking may be replaced with FP
(Blokhuis, 1986, Blokhuis 1989; Huber-Eicher & Wechsler, 1997). However, more recent research by
Rudkin (2022) suggests that FP is not simply a redirection of the behaviour related to searching for
food. Instead, it is linked to the chickens' intrinsic need for exploration and engagement with their
environment. Despite this distinction, Rudkin's study supports the idea that providing environmental
enrichment, such as straw or other materials, can effectively reduce FP behaviours. Given the fact that
both theories implicate that environmental enrichment reduces FP, Huber-Eicher & Wechsler found
that FP decreased when straw was used as environmental enrichment (Huber-Eicher & Wechsler,
1997). Moreover, evidence has been found that the risk of FP increases, when chickens cannot
satisfactorily express their foraging behaviours (Blokhuis & Arkes, 1984). Another article, written by
Star et al., describes FP in flocks with intact beaks decreased when black soldier larvae were added as

environmental enrichment (Star et al, 2020). Furthermore, Johnsen et al. concluded that hens raised



Master Thesis - 2024
Koen Riep - 5635527

on wire floor showed poorer plumage conditions, more FP, cannibalism, and less dustbathing activity,
compared to hens raised on sand and straw (Johnsen et al., 1998). Other options, like bundles of white
string encourage environmental pecking, and have shown to successfully reduce FP, further confirming

the link between FP and exploratory behaviour (McAdie et al., 2005).
Measuring welfare of laying hens

Measuring the welfare of chickens is crucial to ensuring their health and productivity. Many tools have
been developed that can be used to evaluate laying-hen welfare. These tools use a variety of welfare
indicators, such as feeding, environment, health, behaviour and productivity (Welfare Quality

Network, 2009; Best et al., 2023; Wilkins et al., 2004).

In the current study, welfare was measured by a protocol, developed by the LayWel project. This
protocol assesses feather scores (FS) on head & neck, back, wings, tail, breast, and abdomen, as well
as wound scores (WS) on comb and rear as indicators for laying hen welfare and health status (Tauson
et al.,, 2004). FS and WS can be affected by environmental factors, nutritional deficiencies, and
management practices (Ambrosen & Peterson, 1997). However, FP is considered the primary cause of

FD in laying hens (Huber-Eicher & Sebd, 2001; Bestman et al., 2009).
Aim of the study & Research goal

As four Herenboeren* needed a simple solution to improve welfare on their farms, while their chickens
needed to be kept indoors due to HPAI outbreaks in the Netherlands, this study investigates the effect
of straw as environmental enrichment on chicken welfare, by using the Laywel welfare assessment
(Tauson et al., 2004). Because previous studies have shown a correlation between environmental
enrichment and welfare status, the research question of this study was: will enriching the chicken run,
by adding straw as environmental enrichment, improve welfare of mature laying hens at four

Herenboeren farms in the Netherlands?

The LayWel welfare assessment provided a scoring method, in this study called total score (TS), serving
as a welfare indicator. The TS was composed of a feather score (FS) and a wound score (WS). The FS
provided information on FP behaviour and other factors affecting the integument, while the WS
informed about aggressive pecking, cannibalism, and other causes of wounds. Additionally, a pin
feather score (PFS) was included. Pin feathers are immature feathers still encased in their protective
keratin sheath, resembling small pins, and are in the process of growing out. The PFS increases as

feather regeneration occurs and can be seen as a precursor to the FS.

10
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*"Herenboeren" is a growingly popular concept in the Netherlands, where individuals without farm ownership
contribute a fixed monthly payment to the farmer. In exchange, they receive their share of the weekly farm

production (https.//herenboeren.nl/).

Hypothesis

HO: “The addition of straw as environmental enrichment to the chicken run after the first assessment
(T1) will not result in significant differences in total scores, feather scores, wound scores, and pin
feather scores of laying hens at the subsequent assessments (T2 and T3), indicating no measurable

effect on animal welfare”

H1: “The addition of straw as environmental enrichment to the chicken run after the first assessment
(T1) will result in significant differences in total scores, feather scores, wound scores, and pin feather
scores of laying hens at the subsequent assessments (T2 and T3), indicating a positive effect on animal

welfare”
Materials and Methods

This research is an experimental longitudinal study that investigates the effects of environmental
enrichment on the TS, FS, WS and PFS of chickens over time. The study involves repeated measures of
the scoring methods at three distinct time points (T1, T2, T3) within several groups (A, B, C, D and Tot

(all groups combined)).
Animals, housing, and management

This study did not involve any experimental-invasive procedures, and so did not require the approval
of an ethics committee. The study was conducted in the Netherlands across four Herenboeren farms
located in various regions of the country. These farms experienced or had experienced issues with FP
and were interested in implementing a simple method to reduce the prevalence of this problem and

so improve animal welfare.

The four farms all had between 120 and 243 chickens kept in different sized, but similar looking housing
systems. Two farms moved their outdoor chicken run every 4-6 weeks and two farms had a permanent
outdoor run, and all runs were accessible to the chickens during the study. Two different breeds were
present on the farms: Lohmann Brown and Sasso Silver; chickens in all four groups were of different

ages. Due to the high variety between farms, farm characteristics were not included in statistical

11
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analyses. An overview of all farm characteristics can be found in table 1. At all farms, chickens could
go outside from around 9:30 AM onwards and were kept in their nighttime shelter after dusk. To
minimize stress for the chickens due to the assessments, the following measures were implemented:
knocking before entering, allowing the chickens to acclimate to human presence, avoiding loud noises,
handling them briefly, ensuring that chickens were taken from a specific part of the coop without
chasing them around, employing an easy scoring method, and conducting simultaneous

measurements of feather-, skin- and pin feather score.

TABLE 1: The table provides detailed information on four groups of chickens, highlighting their housing type,
chicken breed, number of animals, estimated size of free-range area, age at first visit, and amount of
environmental enrichment (EE — straw) provided.

Farm Group Housing Chicken breed Number of | Estimated Age of Amount Cockerels
chickens size of free- chickens at | of EE/ present
range area first visit straw

Farm A Group A Rotating Sasso 240 50m2 30 weeks 150 kg Yes

Farm B Group B Permanent Lohmann 243 30m2 28 weeks 130kg Yes
brown

Farm C Group C Rotating Lohmann 120 110m2 56 weeks 300kg No
brown

Farm D Group D Permanent Sasso 120 120m2 21 weeks 300kg Yes

Environmental enrichment

After measuring FS, WS, TS and PFS of all flocks at T1, puddles and muddy areas were covered with
sand and wood chips. Straw was evenly distributed throughout the outdoor area of the chicken runs
in amounts of 3-5 kg per square meter. During every farm visit, straw was turned and stirred so fresh
straw would lay on top. Wet and dirty straw was removed, and fresh straw was added, so that the

environment would remain interesting and would promote foraging.

12
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Data collection

Farms were visited at three moments during this research project, with specific dates detailed in table
A1l (A in table names indicates they can be found in the appendix). During each farm visit, 50 chickens
were randomly selected, picked up and individually assessed for FS, WS and PFS. Assessments were

carried out as described in the next paragraph.

After the first assessment round, all farms applied straw as enrichment, as described in the
‘Environmental enrichment’ paragraph. It must be noted that every group was a ‘control group’ for
itself, as the first assessment (T1) was the ‘control assessment’. Subsequent assessments were done
fourteen days (T2) and twenty-eight days (T3) after the first farm visit, following the same sequence.
During these visits, another 50 randomly selected chickens per farm were assessed for feather, skin,

and pin feather conditions.

The assessment of the plumage and skin was conducted by two master-students in Veterinary
Medicine. Both students had been trained to use the LayWell assessment protocol during a class in
their master degree and an extra training to master and synchronize their skills and ensure consistency

in scoring. The students together assessed all chickens during the study, to get a more reliable score.

To improve randomization at every assessment, the nighttime shelter was divided into five equal parts,
after which in every part 10 chickens were randomly picked up. To avoid repeated assessments of the
same birds, the chickens that had already been assessed were placed in the outdoor chicken run for
the duration of the assessment. After the assessment all doors were opened, and all chickens could

freely go outside.

Due to a lack of information about the chickens on some farms, conducting a robust power analysis
for the sample size in advance was too challenging. To bypass this issue, a sample size was selected
that was definitely sufficient for making meaningful inferences about the entire population. In this
study the sample size was set at 50, corresponding to at least 20% of the total amount of chickens on

one farm.

13
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Plumage- and skin assessment

The integument condition of each laying hen was assessed for damaged feathers, bald spots, and
lesions, following the protocol established by Tauson et al. (2004). This assessment protocol was
chosen for this study, as it combines useful parts of multiple protocols and takes less time than other

protocols (roughly 30 seconds per chicken), causing less stress for all handled chickens.

Plumage condition of six body parts (BP1 - wings, BP2 - head/neck, BP3 - back, BP4 - tail, BP5- breast
and BP6 - cloacae/vent) and pecking damage to skin of rear body (BP7) and comb (BP8) were given
scores on an ordinal 4-point scale; “the higher the score is, the better the status of the integument”
(Tauson, et al., 2004). Scores were written down, as shown in table A2. The assessment criteria that

were used can be found in table 2. The scores for body parts were added to form three scores:

Total score (TS): scores of all body parts added, leading to a possible range of scores between 8
points minimum and 32 points maximum for each bird.

Feather score (FS): scores of body part 1 — 6 added, leading to a possible range of scores between 6
points minimum and 24 points maximum for each bird

Wound score (WS): scores of body part 7 & 8 added, leading to a possible range of scores between 2

points minimum and 8 points maximum for each bird

FS and WS of which TS existed were statistically analysed separately, so that the exact influence of
these scores on the TS could be monitored more precisely. Main reason for this was that wound healing
(of small wounds) can take up to two weeks (Katiyar, A. K. et al., 1992), and complete feather regrowth
can take 6-9 weeks (Wu et al., 2021). This means feather regrowth could not possibly be completed
within the time between first and last assessment round, but a potential stop of FP after first

assessment could lead to a maximum WS.
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TABLE 2: The scoring specifications for FS and WS range from 1 to 4, where ‘4’ represents a perfect condition

and ‘1’ indicates the worst condition.

Feather score 4 | Perfect feathering, with no sign of feather damage

3 | Slight to moderate wear. Evidence of pecking. Signs like
broken feathers and noticeable feather shafts. No areas
lacking feathers

2 | Areas vacant of feathers occupying less than % of the body
part

1 | Areas vacant of feather occupying more than % of the body
part

Wound score 4 | No wounds, intact skin

3 | Few pecking wounds present, most pecking wounds seem
to be recovering, most skin is intact

2 | Multiple small, fresh wounds present, skin visibly irritated,
normal skin, and wounds alternately present

1 | Fresh blood, multiple fresh wounds, recovering areas and
wounds are attached; normal skin is scarce, wounds of
more than 1 centimeter in diameter present

Pin feathers assessment

Pin feathers were scored to increase the sensitivity of the study. A single feather could not possibly
fully regrow during the time the study takes place, meaning bald spots (FS= 1 or 2) could not be fully
covered (FS = 4) by the end of the study. By also scoring pin feathers, early feather regeneration would
be noted, adding important information for the welfare assessment. The way pin feathers were scored
can be found in table 3. Firstly PFS-letters were added to each body part-score of the laying hen
assessment form and were later extracted to form a dataset on its own. For statistical analysis, PFS-
letters that were given to each body part were summed up to form a total pin feather score (TPFS),

using the criteria as described in table 3. PFS and TPFS were noted as shown in table A7.

It should be noted that a PFS of 0 should not be seen as ‘bad’, as both a fully bald chicken and a perfect
scoring chicken would have the same score. Therefore, to correctly interpret the results of this score,

they should be combined with the FS results as developed by Tauson, et al (2004).

15



Master Thesis - 2024
Koen Riep - 5635527

TABLE 3: The scoring specifications for PFS and TPFS. PFS (A, B, C) are noted for all individual body parts. A

represents. TPFS (0, 1, 2) are a result from the sum of the individual PFS.

Pin Feather Score (score given A | The assessed body part has no pin feathers
for each individual body part)

B | Atleast 5, but less than 10 pin feathers can be found on
this body part

C | Atleast 10 pin feathers can be found on this body part

Total Pin Feather Score 2 | At least one ‘C’ was given for any of the body parts

1 | Atleast one B but no Cin any of the body parts

0 | Allindividual body part scores are ‘A’

Statistical Analysis

Statistical analyses were performed using R-studio (version 2024.04.1+748) and Microsoft Excel 365.
TS, FS, WS

First, descriptive statistics were conducted for TS, FS and WS, out of which tables (A4, A5 and A6) in
the appendix were made. Tables consisted of group, time point, n, mean, standard deviation, and min
and max scores. All groups were noted both individually and combined. Out of the descriptive statistics
tables, graphs (figure 1, 2, 3) were made to visualize development of the mean scores of all groups

over time.

Normality of all scores was checked by using a Shapiro-Wilk test. A significance smaller than 0,05 was
considered non-normal. If the original data had a non-normal distribution (<0,05), logarithmic-, square
root- and box-cox transformations were used to see if any of those led to a normal distribution. Results
were put into table A3. If a normal distribution was found after transforming the data, further analysis
was carried out with the transformed data. A Friedman test was done for non-normal data and a
repeated measures-ANOVA test for normal data to analyse differences for measurements of all groups
(A, B, C, D and all combined) and time points (T1, T2, T3). Outcomes were put into a table 4, 5 and 6.
To detect when significant differences in scores occurred between time points (T1-T2, T1-T3, T2-T3)
within each group, a post-hoc Wilcoxon signed-rank test was conducted on TS, FS, and WS. This test
was performed if the Friedman test showed significant results for a group, to determine more exactly
when significant changes occurred. Outcomes of the Wilcoxon signed-rank test were also included in

table 4, 5, and 6.
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TPFS

A table (table A8) was made to clearly see the distribution of chicken-TPFS at all farms across all time
points. Out of it, a stacked bar chart was made (figure 4) that visualizes data for all groups. To test
changes in TPFS across time points (T1, T2, T3) and all groups (A, B, C, D, Tot), one way-ANOVA tests
were performed. If the one way-ANOVA test showed a significant result for a group, a post-hoc Tukey
HSD test was performed to compare T1-T2, T1-T3 and T2-3 individually. All outcomes were written

down in table 7 and were considered significant at a P-value of <0,05.

Results

Total score (TS)

Figure 1: Mean TS at all time points

32
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/
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F 28 / Group A
§ Group B
27
2 Group C
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24
23 T T )
T1 T2 T3
Timepoints

Figure 1: Mean Total scores (TS) of 50 chickens per measurement over time (T1, T2, T3). FS consists of the sum of

individual scores of BP1 — BP6; WS = min 8 / max 32. Scoring method developed by Tauson et al, 2004

The graph in figure 1, made from the descriptive statistics (table A4), clearly shows an increase in mean
TS over time (min = 8, max = 32) of group B (1.8pts) and C (3.9pts), D (0.3pts) and of the Tot score
(mean of all groups combined, 1.5 pts). The graph also shows the consistently high score between 31
and 32 in groups A and D, as these groups hardly showed any signs of FD and pecking wounds from T1
to T3. Descriptive statistics (table A4) show small variation and standard deviation in both group A and

D, and a bigger variation in all other groups, as can be noted by the steeper lines of group B, C and Tot.
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A Shapiro-Wilks test showed data could not be distributed normally, even after conducting log, square-

root and a box-cox transformation; no P-values showed significance (table A3).

A Friedman test (table 4) showed significant changes for group B (P = 0.016), C (P = 5.688e-7), D (P =

0.024) and Tot (2.785e-7). The TS in group A did not significantly change over time (p = 0.160). All

results of the post-hoc analysis showed TS significantly improved over time in groups B, C, D and Tot,

except for group B between T2-T3 (P = 0.602) and group D between T1-T2 (0.246). Overall, these

groups changed with highest significance between T1-T3.

TABLE 4: Friedman- and Wilcoxon signed rank test results for TS in all groups.

Significant values are indicated by

a *
P-value — Friedman test Wilcoxon post-hoc

Group A 0.160 -

Group B 0.016* T1-T2: 0.032*
T1-T3:0.003*
T2-T3: 0.602

Group C 5.688e-7* T1-T2: 0.001*
T1-T3: 1.44e-7*
T2-T3:0.007*

Group D 0.024* T1-T2: 0.246
T1-T3: 0.005*
T2-T3: 0.050*

Group Tot 2.785e-7* T1-T2: 0.001*
T1-T3: 1.620e-9*
T2-T3: 0.006*

18



Master Thesis - 2024
Koen Riep - 5635527

Feather score (FS)

Figure 2: Mean FS at all time points
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Figure 2: Mean Feather scores (FS) of 50 chickens per measurement over time (T1, T2, T3). FS consists of the sum of
individual scores of BP1 — BP6; WS = min 6 / max 24. Scoring method developed by Tauson et al, 2004

The graph in figure 2, made from the descriptive statistics (table A5), shows a clear visual increase in
mean FS (min = 6, max = 24) of group B (0.9 pts) and C (2.4 pts) and of the Tot score (1.0 pt). The graph
also shows the consistently high score of group A and D between 23 and 24, from the beginning of the
study, as these groups hardly showed any signs of FD. Both groups seem to increase to a near perfect
score. Descriptive statistics (table A5) show small variation and standard deviation in both group A and

D, and a bigger variation in all other groups.

A Friedman test (table 5) showed significant changes for group C (P = 4.665e-4), D (P =0.0159) and Tot
(3.971e-05). All results of the post-hoc analysis showed FS significantly improved over time in groups
C, D and Tot, except for group Cand D between T2-T3 (C-P = 0.059; Tot-P = 0.148) and group D between
T1-T2 (0.275). Overall, all groups changed with highest significance between T1-T3. The FS in group A
(P =0.776) and B (P = 0.135) did not significantly change over time, but graph lines show an increase

in mean FS.
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TABLE 5: Friedman- and Wilcoxon signed rank test results for FS in all groups. Significant values are indicated by

a *
P-value Wilcoxon post hoc

Group A 0.776 -

Group B 0.0135 -

Group C 4.665e-4* T1-T2: 0.005*
T1-T3: 2.800e-3*
T2-T3:0.059

Group D 0.0159* T1-T2:0.275
T1-T3:0.004*
T2-T3:0.034*

Group Tot 3.971e-5%* T1-T2: 0.002*
T1-T3: 6.100e-4*
T2-T3:0.148

Wound score (WS)
Figure 3: Mean WS at all time points
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Figure 3: Mean wound scores (WS) of 50 chickens per measurement over time (T1, T2, T3). WS consists of the sum of
individual scores of BP7 & BP8; WS = min 2 / max 8. Scoring method developed by Tauson et al, 2004

Descriptive statistics (table A6) reveal differences in mean WS across all groups at various time points,
as is visualized by graph in figure 3. The graph shows an increase in mean WS (min = 2, max = 8) of
group B (0.76 pts) and C (1.4 pts), D (0.06 pts) and of the Tot group (0.53 pts). Group D shows a near
perfect score over time, while group B and C show a large improvement in score. The WS of group A

decreases, and then increases again, but consistently approaches the optimum score of 8.
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The Friedman test (table 6) showed significant changes for group A (P = 8.779e-4) B (P = 2.042e-6), C

(P = 1.005e-9) and Tot (1.659e-10). The Wilcoxson post-hoc analysis showed WS of all groups

significantly improved over time between all time points. Group A changed significantly between T1-

T2 (P =0.001) and T2-T3 (P = 0.011), but not between T1-T3 (P = 0.166).

TABLE 6: Friedman- and Wilcoxon signed rank test results for WS in all groups. Significant values are indicated

bya*
Friedman P-value Wilcoxon post hoc

Group A 8.779%e-4* T1-T2: 0.001*
T1-T3:0.166
T2-T3:0.011*

Group B 2.042e-6* T1-T2: 0.005*
T1-T3: 1.470e-3*
T2-T3:0.026*

Group C 1.005e-9* T1-T2: 0.004*
T1-T3: 1.200e-5*
T2-T3: 4.200e-2*

Group D 0.810 -

Group Tot 1.659e-10* T1-T2: 0.006*

T1-T3: 7.500e-7*
T2-T3: 2.000e-4*
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(Total) Pin Feather Score

Figure 4: Total amount of B or C scores for pin feathers given
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FIGURE 4: Total amount of pin feather scores B (=1) and C (=2), given for each body part (BP1-6) of each chicken (n=50) per
farm and on all farms (Tot displays the total cumulative amount of body parts that show feather growth over time)

Figure 4 purely illustrates the amount of B and C scores (PFS) given to body parts of chickens over time.
Itis clearly visible that the number of body parts that show pin feathers increases over time, especially

in group B and C.

The stacked bar plots in Figure 5 illustrate the score distributions across all time points for each group.
The bar plots clearly show a relative increase of scores 1 and 2 over time, while a score of 0 decreases
by 50% in group B and 20% in group C, indicating feather regrowth in these groups. Table A8 shows

the exact numbers of redistribution. Group A and D maintain low scores over time.

The one way-ANOVA test (Table 7) indicates a significant difference over time for both group C (P =
1,420e-7) and Tot (1.331e-6), suggesting an overall increase in pin feather regrowth in these groups.
Group B shows a low P-value (P=0.066), indicating a trend towards significance. Group A shows no
significant changes (P = 0.595) over time. Assessment results of group D were 100% 0 points at every

measurement, so the one way-ANOVA led to no results.

The post-hoc Tukey HSD test indicates that, for groups B and Tot, significant differences were between

T1-T3 and T2-T3.
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TABLE 7: Statistical analysis of values at different time points within groups. Significant P-values are indicated

bya*
Group One way-ANOVA test result Post-hoc Tukey HSD P-value
A F-value: 0.521 -
P-value: 0.595
B F-value: 17.586 T1-T2: 0.355
P-value: 1.420e-7* T1-T3: 2.000e-7*
T2-T3: 8.910e-5%*
C F-value: 2.770 -
P-value: 0.066*
D Nan -
Tot F-value: 13.841 T1-T2: 0.483
P-value: 1.331e-6* T1-T3: 2.000e-6*
T2-T3: 3.540e-4*
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Figure 5: Bar plots illustrate relative score distributions
of TPFS (0, 1, 2) for all groups at all time points (T1, T2,
73)
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Discussion

The aim of this study was to see if the laying hen welfare could be increased, when the chicken run
was enriched with straw. The study hypothesized that the addition of straw to the chicken run after
the first assessment (T1) would result in significant differences in TS, FS, WS, TPFS of laying hens at the
subsequent assessments (T2 and T3), indicating a positive effect on animal welfare. Overall, this
hypothesis was based on results of studies that have been done in the past, that stated that (1). FD in
laying hens is primarily caused by FP (Huber-Eicher & Sebd, 2001; Bestman et al., 2009), (2). which is a
highly prevalent behaviour in cage-free systems (Gunnarson et al., 1999), and (3). could be decreased
by the right environmental enrichment (Nicol et al. 2017), (4). because foraging behaviour and FP are
inversely related (Huber-Eicher & Wechsler, 1998). The hypothesis of the current study was supported
by the observed significant improvements in TS, FS and WS over time, particularly in groups B and C,
which initially showed the lowest overall scores. The addition of straw could have provided a
stimulating environment that refocused pecking behaviour from feathers to straw, reducing the
incidence of SFP and so allowing feather recovery and wound healing, leading to an increased welfare
at the end of the study period. The increase in TPFS over time, combined with the FS data, indicates
that the intervention reduced FP and consequently facilitated feather regeneration on the farms that
showed the lowest FS at first assessment. All findings align with the research by Rodenburg et al (2013),
Blokhuis (1989) and Rudkin (2022) which showed that environmental enrichment can reduce FP

behaviour in laying hens.

Even though the TS showed increased significantly over time, providing a generalized overview of the
overall laying hens’ integument improvement, the used methodology of summing up scores for all
body parts to a ‘TS’, has some limitations which should be considered (Tauson et al, 2004, Kjaer et al.,
2011). As highlighted by prior research, the scoring system that was used in the present study may not
accurately reflect localized and specific types of FD, nor the multifactorial nature of feather loss
(Campe et al., 2018). Such nuances are crucial because distinct risk factors typically affect different
body parts. For example, FP predominantly impacts the neck, back and vent, whereas abrasions from
feeding troughs primarily cause damage to the ventral neck (Bilcik and Keeling, 1999; Martin et al.,
2005). Though, SFP and cannibalism could affect every body part of a chicken, as studies have
extensively described in articles (Table A9 gives a clear overview of this). Even though less likely,
influencing factors on TS, FS and WS like nutrient deficiency and abrasions from the environment could
also have been influenced by the straw, leading to higher scores and feather regrowth (Desbruslais et

al.,, 2021; Drake et al., 2010; Leeson & Walsh, 2004). The outcome of the used scoring methods
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primarily reflects feather and skin damage and should be used with caution when drawing conclusions
about FP, even though FP can cause damage to any body part and is the most common cause of FD.
To address this issue, a multivariate approach to analyzing FD is recommended for future research. For
example, by assessing feather scores for individual body parts separately, it will be possible to more
accurately identify the risk factors contributing to specific types of FD in laying hen flocks and tell more

about FP behaviour.

When focussing on the TS of individual groups, the biggest increase in score could be found in the
groups B and C, that both showed the lowest scores at the first assessment. Group B likely suffered
from the small amount of space per chicken, which could lead to more FD and a higher incidence of FP
behaviour, while laying hens in group C were over 55 weeks of age and plumage damage increases
with age (Huber-Eicher & Sebd, 2001). Groups A and D hardly showed any signs of FD during first
assessment, so limited score improvement was possible at those farms. According to Tauson et al
(2004), a score of at least 24 points (out of 32; individual BP scores of 3-4) should be considered as a
good overall score, meaning all studied groups already had an overall good score from the beginning
of the research. It should be noted that there are large variations of FP influencing factors between
groups in this study (table 1), and FP outbreaks are hard to predict and spread easily (Defra, 2005;
Zeltner et al., 2000). The fact that there was no deterioration in scores over time in any of the groups
during the study should therefore also be considered as an interesting outcome. Both more and
differently affected groups should be included in future research to be able to see the effect of straw
enrichment. In these groups, control groups should also be incorporated to establish a baseline for

comparison and to be able to exclude external factors.

In both the WS and FS, the Tot-group and at least two other groups demonstrated significant increases
in their scores over time. Specifically, in the FS setting, the group with the highest increase showed a
10% improvement from the first to the last assessment. This was less than the highest improvement
observed in the WS setting, which was 17.5%. This difference was expected, as the processes of wound
healing and feather regrowth occur at different rates (Katiyar et al., 1992; Wu et al., 2021). It should
be noted that WS is suitable for short-term studies, like the current one. While this study showed that
enrichment could significantly improve FS in only four weeks, most studies on FP follow a flock for a
longer period to observe the long-term effects of their interventions (Schreiter et al., 2019).
Furthermore, plumage damage is known to progressively increase until the end of the laying phase
(Nicol et al., 1999; Lambton et al., 2010), so a longer research period would be needed to see the long-

term effects of straw on all scores.
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The self-developed PFS and TPFS showed a significant increase of early feather regrowth in two groups
and has also proven its value for short term studies on feather regrowth, by showing results the FS
(Tauson et al., 2004) was not sensitive enough for. Though this score has not yet been sufficiently
tested and validated, leaving the possibility open that pin feathers are simply less attractive to peck at.
A study by Ramadan & von Borell (2008), for example, showed that different types of feathers have

varying degrees of attractiveness for feather pecking.

Furthermore, the TPFS outcome alone does not provide any information about the exact overall
integument condition of the group. Therefore, the TPFS should always be used in conjunction with
other feather scoring tools to accurately evaluate feather condition. The TPFS could be useful for future
research, but should be further developed, so it can be implemented in, or easier used with existing

feather scoring methods.

When looking at the enhancement of natural behaviour of laying hens, it is important to recognize that
while straw serves as a valuable form of environmental enrichment that promotes foraging behaviour,
an approach that incorporates various enrichment aspects is essential for optimal welfare (Ohl & van
der Staay, 2012, Huber-Eicher & Wechsler, 1998; Hemsworth & Edwards, 2020). Another study by Son
et al (2022) concluded that providing environmental enrichment materials like pumice stone and
alfalfa hay improved egg production and reduced corticosterone levels in the blood, suggesting a
positive influence on hen-welfare. The use of diverse enrichment elements, such as perches, nest
boxes, and sand as dust-bathing substrate, lead to a broader range of natural behaviours, thereby
reducing stress and the chance on SFP development, as well as promoting positive emotional states
(Jung & Knierim, 2019; Olsson & Keeling, 2002; Lay et al., 2011). It is therefore important that laying
hens are provided with not only straw like in this study. A variety of enrichments optimally promotes

natural behaviour and additionally animal welfare improves (Nicol et al., 2017).

Variations between all groups in chicken breed, number of chickens, age, space, rotation systems,
geographical location, rearing factors, and environmental enrichments made direct comparisons
challenging. Other studies have shown that these elements, which were not controlled in the present
study, can influence outcomes. For instance, plumage damage increases with age due to FP (Huber-
Eicher & Sebd, 2001) and FP can be influenced by form and amount of free-range access (Jung &
Knierim, 2018). Wide-ranging study conditions, including, stocking density, group size, fear, and
genetic variation have shown to influence outcomes (Hughes & Duncan, 1972). Furthermore, including
management and housing factors from the rearing phase and feed ingredient data could lead to more
reliable results (Janczak & Riber, 2015). Future studies should aim for more controlled conditions

across different farms to isolate and control specific factors affecting chicken welfare. Standardizing
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variables such as breed, feed type, space, and environmental enrichments will help in making more

accurate comparisons.

Lastly, the variation in score outcomes at the farms suggests that there is considerable potential for
enhancing welfare conditions at chicken farms, even at small-scale farms like Herenboeren, where
chickens overall have more space compared to bigger, commercial chicken farms, where up to 9
chickens per square meter are allowed (European Commission, 2024). The large variety of farm
characteristics highlights the importance of farm specific adaptations for improved laying hen welfare

(Bestman & Wagenaar, 2003; Blokhuis & van der Haar, 1989).

Conclusion

This study demonstrates that straw enrichment is an effective intervention for reducing FD and so
improving welfare of laying hens. By providing a substrate for foraging, straw enrichment can reduce
FD, and likely even FP, promoting better feather condition, feather regrowth and overall health. These
findings support the adoption of enrichment strategies in poultry management at non-cage systems
to enhance animal welfare. Though, farm-specific needs should be considered and effective enriching
strategics should be assessed to optimize management. The current study highlights that even simple
measures, such as providing straw, can lead to noticeable improvements in feather condition on short
terms. Further research is needed to explore long-term effects and optimize enrichment practices for
more diverse farm conditions that can influence the outcome of the used assessments. All farms should
be frequently informed, updated, and advised on feather damage and FP preventing measurements,
to prevent this common problem from occurring in the future, especially now that cages are
increasingly banned worldwide. Animal welfare should after always be prioritized, as it is important

for all; humans and animals.
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Appendix

Abbreviation list

FD:
FP:
FS:
HPAI:
PFS:
TPFS:
TS:

WS:

Tables

Feather Damage

Feather Pecking

Feather Score

Highly Pathogenic Avian Influenza

Pin Feather Score

Total Pin Feather Score

Total Score

Wound Score

TABLE A1: Data of farm visits
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Visit 1 | Visit 2 Visit 3
(1st assessment after intervention) (2rd assessment after intervention)
Group A - Farm 1 Jan 25" | Feb 12" Feb 26
Group B - Farm 2 Jan 27" | Feb 14 Feb 28t
Group C-Farm 3 Jan 29" | Feb 16 Mar 1
Group D - Farm 4 Jan 31%* | Feb 18 Mar 4t
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TABLE A2: example of scoring table, as used for Feather Score (FS = BP1-BP6), Wound Score (WS = BP7-BP8) and
Total Score (TS = BP1-BP8). BP = body part

Group | Time Chicken | Chicken- BP1 | BP2 BP3 | BP4 | BP5 BP6 FS | BP7 BP8 | WS | TS
point Cumulative Head | Wings | Back | Tail | Breast | Abdomen Comb | Vent

and

neck
A T1 1/50 001 3 2 4 1 2 3 15 | 4 2 6 21
A T1 2/50 002 4 3 4 2 3 2 18 | 3 3 6 24
B T1 1/50 051 2 3 4 2 1 3 15 | 4 2 6 21
B T2 4/50 225 3 4 4 3 4 3 21 (3 3 6 28
B T2 5/50 226 3 1 4 3 2 1 14 | 4 3 7 21
D T 50/50 600 4 4 4 4 4 4 24 | 4 4 8 32

TABLE A3: Shapiro-Wilk’s test results and transformations on TS. Significant values are indicated by a *

Transformation \\ P-value
Original data 0.85306 <0,05*
Log 0.82823 <0,05%*
Square root 0.8 <0,05*
Box-cox 0.85 <0,05%*
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Table A4: descriptive statistics; means, standard deviation and variation in all groups at different time points for

TS. Lowest possible min score = 8, highest possible max score = 32.

Group | Time n Mean Std Min 25% 50% 75% Max
Point Dev
A T1 50 31.0 1.03 28 30 31 32 32
A T2 50 30.7 1.01 28 30 31 31 32
A T3 50 31.0 1.10 28 30 31 32 32
B T1 50 24.4 2.60 19 23 24 26 30
B T2 50 25.8 3.32 16 24 26 28 32
B T3 50 26.2 2.50 21 25 26.5 28 30
C T1 50 25.0 3.08 19 23 25 27 31
C T2 50 27.2 3.34 18 25 28 30 31
C T3 50 28.9 2.08 23 28 29 30 32
D T1 50 315 0.65 30 31 32 32 32
D T2 50 31.7 0.52 30 31 32 32 32
D T3 50 31.8 0.37 31 32 32 32 32
Tot T1 200 28.0 3.88 19 25 29 31 32
Tot T2 200 28.8 3.42 16 27 30 31 32
Tot T3 200 29.5 2.79 21 28 30 32 32
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TABLE A5: descriptive statistics; means, standard deviation and variation in all groups at different time points

for FS. Lowest possible min score = 6, highest possible max score = 24.
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Group Time n Mean Std Min 25% 50% 75% Max
Point Dev
A T1 50 23.0 0.99 20 23 23 24 24
A T2 50 23.1 1.02 21 22 23.5 24 24
A T3 50 232 1.08 20 22.2 24 24 24
B T1 50 17.7 243 13 16 17.5 19 24
B T2 50 18.6 3.04 11 17 18 20 24
B T3 50 18.6 233 13 17 19 20.8 22
C T1 50 19.0 2.63 13 18 19 21 23
C T2 50 20.4 2.78 13 19 21 23 24
C T3 50 21.4 2.08 15 21 22 23 24
D T1 50 23.7 0.55 22 23 24 24 24
D T2 50 23.8 0.45 22 24 24 24 24
D T3 50 23.9 0.24 23 24 24 24 24
Tot T1 50 20.8 3.18 13 18 22 24 24
Tot T2 50 21.5 2.99 11 19 23 24 24
Tot T3 50 21.8 2.62 13 20 23 24 24
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Table A6: descriptive statistics; means, standard deviation and variation in all groups at different time points for

WS. Lowest possible min score = 2, highest possible max score = 8.

Group Time n Mean Std Min 25% 50% 75% Max
Point Dev
A T1 50 7.92 0.27 7 8 8 8 8
A T2 50 7.6 0.54 6 7 8 8 8
A T3 50 7.82 0.39 7 8 8 8 8
B T1 50 6.76 0.69 5 6 7 7 8
B T2 50 7.2 0.81 5 7 7 8 8
B T3 50 7.52 0.81 4 7 8 8 8
C T1 50 6.08 1.01 4 5 6 7 8
C T2 50 6.76 1.02 3 6.25 7 7 8
C T3 50 7.48 0.71 5 7 8 8 8
D T1 50 7.84 0.42 6 8 8 8 8
D T2 50 7.86 0.35 7 8 8 8 8
D T3 50 7.9 0.30 7 8 8 8 8
Tot T1 200 7.15 1.01 4 6.75 7 8 8
Tot T2 200 7.355 | 0.83 3 7 8 8 8
Tot T3 200 7.68 0.62 4 7 8 8 8
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PFS to TPFS

TABLE A7: Formation of the TPFS. PFS for each body part were added to a total PFS. If all body parts scored an
A, TPFS was 0. If a hen had received at least one B but no C in one of the body parts, TPFS was 1. If at least one C
was present in one of the body parts, TPFS was 2.

Group Time Kip BP1 BP2 BP3 BP4 BP5 BP6 TPFS
point
T

A Tl 001 A A A A A A 0

A Tl 002 A B A B A C 2

B Tl 051 B A A A A A 1

A T2 201 A A A B A A 1

D T3 800 A C A A A C 2
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TPFS: Distribution of chickens per group

TABLE A8: Distribution of chickens’ TPFS (0-1-2) for each group at each time point (T)

Group Hens assessed T1 T2 T3

A 50 0: 48 (96%) 0: 48 (96%) 0: 46 (92%)
1: 2 (4%) 1: 2 (4%) 1: 4 (8%)
2: 0 (0%) 2: 0 (0%) 2: 0 (0%)

B 50 0: 41 (82%) 0: 34 (68%) 0: 16 (32%)
1: 8 (16%) 1: 14 (28%) 1: 25 (50%)
2: 1 (2%) 2: 2 (4%) 2:9 (18%)

C 50 0: 41 (82%) 0: 38 (76%) 0: 31 (62%)
1: 7 (14%) 1: 10 (20%) 1: 14 (28%)
2: 2 (4%) 2: 2 (4%) 2:5(10%)

D 50 0: 50 (100%) 0: 50 (100%) 0: 50 (100%)
1: 0 (0%) 1: 0 (0%) 1: 0 (0%)
2: 0 (0%) 2: 0 (0%) 2: 0 (0%)

Tot 200 0: 180 (90%) 0: 170 (85%) 0: 143 (71.5%)
1: 17 (8,5%) 1: 26 (13%) 1: 43 (21.5%)
2:3(1,5%) 2: 4 (2%) 2: 14 (7%)

TABLE A9: Studies describing their findings on body parts that are predominantly affected by feather pecking

Research

Body parts predominantly affected by feather pecking

Bilcik & Keeling, 1999

- Abdomen

- Rump

- Back

- Legs

- Neck

- Underneck

- Many aggressive pecks are towards head and comb (cronin zegt di
took)

Zepp et al., 2018

- Back
- Side (incl. wings)
- Neck
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Norgaard-Nielsen et al., | Breast
- Back
1993
Ramadan & von Borell, | ~ Wings
- Rump
2008 - Tail
- Back
. - Neck
Martin et al., 2005 - Back
Schwarzer et al., 2022 - Neck
- Back
McAdie & Keeling - Rump
’ - Tail
2000 - Abdomen
Wood-Gush & - Rump
Rowland, 1973 - Tail
- Back
Savory & Mann, 1997 - Mostly on the back
- Thigh
Cronin et al., 2018 - Tail
- Rump
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lllustrative photos

Puddles and muddy areas were covered before enrichment was applied. Straw was used to enrich

the chicken run and was refreshed every two weeks.
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(L) Hens were is assessed carefully, and all body parts were inspected and (R) a chicken run enriched

with straw which chickens have spread throughout and are showing foraging behaviour

An example of a WS 1 out of 4 on the back of a

laying hen
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Pin feather scores of A (left) and C (right). It should be kept in mind that a fully feathered body part
also has a PFS of ‘A’ (no growing pin feathers), but a higher FS g

than a bald body part.
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Farm characteristics were clearly different.

Upper left, farm A, right B. Below left farm C, right farm D.
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"The manner in which we treat chickens, serves as a testament to our collective conscience, reflecting the
deeper values and ethical standards of our society. Tl hey provide us food; let us provide them love and

treat them the best we can.”

-Koen Riqo, 2024-
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