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Abstract

There is considerable pressure to eliminate the use of conventional cages in commercial layer
hen production systems. However, the assessment of alternative systems that can ensure the hen's
ability to perform natural behaviours, while simultaneously enhancing farm productivity and economic
efficiency, remains incomplete. This study assessed layer behaviour in a floor system and in enriched
cages on a commercial layer farm using human and video-based observations. The study focused on
dust bathing, nesting, feather pecking, and perching behaviours, and on the formation of mud balls on
the feet. A large proportion (72.9%) of the hens exhibited dust-bathing behaviour, with an average
duration of 22.63 minutes. Feather pecking was exhibited by 35.4% of layers in the enriched cages,
compared to 58.3% of layers in the floor system. Overall, feather pecking was the least observed
behaviour. Layers in enriched cages used perches more (47%) than layers in the floor system (27%),
and a negative association was found between body weight and perching in layers in the floor system.
At the end of the six-week trial period, 41.67% of the hens had developed mud balls on their toes that
exceeded 3 cm in length. The results of this study provide evidence of the relationships between poultry
behaviour, welfare, and production. Video-based observations confirmed that farm managers may not
be able to identify certain welfare-related behavioural aspects unless they are closely monitored. The
results of this study may be used to inform stakeholders about behaviour and welfare considerations in
the management of commercial layers.
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Introduction

The poultry industry is the largest agricultural sector in South Africa, with a 20% contribution to
the gross domestic product and a 41% share of the total contribution of livestock-based agriculture to
the gross domestic product (AgriSETA, 2023). Commercial egg production is characterised by high-
intensity housing, mostly in cage systems that are designed to maximise productivity and profitability. In
general, poultry producers seek to uphold appropriate animal husbandry practices, but chicken welfare,
as perceived by animal welfare organisations, is not considered a priority. Commercial poultry farmers
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are confronted with several issues, including disease control and biosecurity regulations, which are
important for the overall sustainability of their enterprises (SAPA, 2022).

In response to growing animal welfare concerns, there has been a recent increase in interest in
cage systems designed to improve the welfare of layers, while also reducing production costs. In
addition, retailers have expressed their preference for cage-free and free-range eggs, rather than those
produced by battery caged layers (Al-Ajeeli et al., 2018). It is hard to overlook the growing number of
animal welfare organisations in South Africa, such as Compassion in World Farming (South Africa) and
the Humane Society International Africa, who have requested the adjustment of present conventional
cage sizes of 450 cm? per hen to larger cages that provide additional space for movement and the
expression of natural behaviour. Eliminating the use of battery cages is the extreme option, and the
development of alternative systems and improved management practices, combined with the adoption
of minimum standards for enriched cage systems, is thus of paramount importance.

Conventional cages have the advantages of reducing disease risk, producing cleaner eggs, and
being easier to manage, but they also result in space restrictions, which lead to poor bone strength due
to the lack of movement (Dikmen et al., 2016; Hartcher & Jones, 2017). Higher incidences of metabolic
disorders are also associated with conventional cages. The scientific investigation of the physiological
and behavioural characteristics of proactive and reactive choices and decision-making in avian species,
including laying hens, has received little attention (Nicol ef al., 2003). Nonetheless, guidelines from the
World Organisation for Animal Health indicate that birds should be able to express their natural
behaviours, such as nesting, scratching, pecking, and dust bathing, without fear (Bhanja & Bhadauria,
2018).

Current commercial laying cage densities restrict the expression of acceptable natural
behaviours and movement. However, floor systems have their own challenges for bird welfare,
especially at higher stocking densities, where social behaviour becomes more stressful, leading to
higher incidences of cannibalism (Dikmen et al., 2016; Kumar et al., 2021). Aggression in domestic fowl
species has been shown to be a dynamic process determined by the relative costs and benefits of
different behavioural strategies at a given time and place, rather than being a fixed continual obligation
(Campbell et al., 2017). Birds in floor systems are therefore also vulnerable to poor welfare, if the
stocking density is too high and/or insufficient food and perch space is provided (Erensoy et al., 2021).

Literature studies have reported pros and cons of conventional cages, enriched cages, and floor
systems related to egg production, mortality, and bone strength. While floor systems hold clear
advantages for bone strength (Hartcher & Jones, 2017), keel bone fractures tend to be more common
in these systems, and increased feather pecking has been reported (Engel et al., 2019). There thus
seems to be limited consensus on which production system provides the best overall layer welfare. In
South Africa, most layer birds are housed in cage systems, with approximately 7.28% of eggs produced
on floors in deep litter; in some cases, pullets are raised on floors for later use in free-range systems
(SAPA, 2022). In this study, layer behaviour in a floor system and in an enriched cage scenario on a
commercial layer farm in South Africa was evaluated using human and video-based observations of
dust bathing, nesting, feather pecking, and perching behaviours. Body weight, as well as feather and
plumage condition, were also assessed.

Materials and methods

The study was conducted on a commercial farm in Mpumalanga, South Africa, where both floor
and cage systems are used for the production of fresh eggs. The producer provided consent for the
study and the Animal Ethics Committee of the University of Pretoria granted approval to conduct the
study (NAS269/2020). The South African Poultry Association’s Code of Practice Guide (SAPA, 2018)
was used to allocate stocking densities and space per bird.

Layers in the floor system

The study was conducted over a six-week period with a two-week adaptation period prior to
data collection, and used Lohmann Brown laying hens housed in an open-sided, naturally-ventilated
house with the following dimensions: 57 x 2.5 x 14 m (length x height x width). A 12.5 x 2.5 x 4 m
section was partitioned off using wire mesh, to house 500 birds at a stocking density of 10 birds/m?and
a space allowance of 1000 cm2/bird. Seventy-five nesting boxes were allocated to allow access to eight
hens at a time. A total of 48 beak-trimmed laying hens aged 47 weeks were randomly selected from the
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500 birds and tagged on both legs using adjustable numbered white straps that could be easily identified
on video recordings and by human observers.

The house was equipped with 50 nipple drinkers, allowing 12 birds per nipple, and 12 cm of
feeding space was available per bird. Ten perches were provided, each with five metal bars (150 cm
long, 3.1 cm in diameter), giving each hen a space allowance of 15 cm. An elevated scaffold was placed
against the back wall to enable visual observations without interfering with the layers’ behaviour. The
house had doors that were opened during the day to allow access to the fenced outdoor space, which
was planted with kikuyu grass.

Layers in the enriched cage system

For the purposes of the study, eight wire cages in one of the environmentally controlled houses
were modified to a size of 120 x 50 x 64.3 cm (length x height x width) to mimic the requirements for
an enriched cage. Each cage included a nesting area and a perch that was 120 cm long and 3.1 cm in
diameter, with a perching space allowance of 15 cm per hen. Each cage housed six 27-week-old hens,
resulting in a stocking density of 750 cm?/bird, excluding the nesting boxes. Twenty-seven-week-old
hens were used because, at the time of the study, there were no 47-week-old Lohmann Brown hens in
any of the farm's cage housing systems. Each cage system was equipped with a waterline containing
two nipples, and an automatic gantry feeding system was used.

Human and video-based observation of laying hens

The study used human and video-based observations to examine the behaviour of the hens in
both the floor and enriched cage systems. Hens were given a two-week adaptation period prior to data
collection to allow them to get familiar with humans observing them. During this period, the in-farm
veterinarian and the researcher on the project trained ten selected staff members on how to monitor and
document different hens’ behaviours. In each of the two housing systems, a trained observer collected
data within the specified period without interfering with the hens’ behaviour.

Video cameras were used to record the different behaviours at two-minute intervals. Data from
the video cameras were used to validate the data collected by the trained human observers, and inter-
and intra-observer reliability tests were performed on both data sets. This was achieved by comparing
the data derived from human observations with the data captured from video recordings to determine
the level of agreement between the sources.

In the floor system, behavioural observations were made of the 48 tagged hens. In the enriched
cage system, feather pecking, nesting, and perching behaviours were observed for all 48 hens. The
major behavioural components of dust-bathing events recorded in the floor system were bill raking, head
rubbing, scratching with either one or two legs, side-lying, ventral lying, and vertical wing shaking (Kruijt,
1964). A dust-bathing event was recorded from when the hen's body touched the litter until the hen got
up and failed to perform any of the dust-bathing behaviours for a 10-second period. Since chickens have
a daily circadian cycle, dust bathing most often occurs in the afternoon, so data was collected between
11:30 and 15:00 (Mishra et al., 2005). Human observations and video data collection on feather pecking,
outdoor area visitation, perching, and nesting activities were recorded between 07:00 and 15:00, as
described in Table 1.

Table 1 Descriptions and recording times used to capture hen behaviour in floor and enriched cage
systems

Behaviour Description Observation times

Whenever a hen is seen rubbing her head and sides, crouching, and
Dust bathing moving her feet and wings to raise dust into her ruffled plumage while 11:30 to 15:00
on the litter.

Any time a hen is spotted on the perch, whether seated or standing.

Perching Other actions taken while on the perch were not recorded. 07:00to 15:00
. Whenever a hen was pecked on any part of its body by another hen . .

Pecking and then fled because of the attack. 07:00 to 15:00

Nesting Every time a hen is seen using the nesting box. The observation did 07:00 to 15:00

not include what was occurring inside the nest.
Outdoor visits Whenever a hen is observed visiting the outdoor area. 07:00 to 15:00
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Description of camera installations

High-definition digital surveillance cameras (Bushnell Trophy Cam HD, model number: 119774)
were installed in the enriched cages and floor housing systems to capture footage of various hen
behaviours. Ten cameras were used in the floor system, with one in each corner of the house (four in
total) and the other six positioned one metre apart in the middle of the area, directly opposite one another
(Figure 1A). All the cameras were set 0.5 m above the ground for maximum visibility. Four cameras
were used in the enriched cage system, and these were set up in one row, as shown in Figure 1B. All
video recordings were saved daily on an external hard drive.

Figure 1 Camera positioning in the floor system (A), and the enriched cage system (B).

Feather, plumage, and mud balls

Feathers on the neck, breast, vent, back, wings, and tail, as well as the condition of wounds on
the back and comb, were scored on a scale of 1 to 4, with 1 representing the worst possible score and
4 representing the best possible score (Tauson et al., 2005). Inter- and intra-repeatability tests were
done on the subjective scores collected by the researcher and two staff members.

The sizes of the mud balls on the hens’ feet in the floor system were measured using a ruler,
and scores were assigned as 0: no mud ball, 1: mud ball of 1-2 cm, 2: mud ball of 2-3 cm, and 3: mud
balls 23 cm in length. Hens were weighed at the start and end of the six-week observation period.

Data collection and analyses

An electronic data collection tool was developed to record various behaviours, as well as feather
and plumage scores, through coding and programming using CSPro v7.5. Logic, skip patterns, and
consistency checks were used during data collection to prevent entry problems, and data were collected
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using Android operating system smartphones. Changes made on the applications were uploaded to the
file transfer protocol server such that data could be downloaded, or changes made on the form. Once
data had been uploaded to the file transfer protocol server, they were checked and exported to Microsoft
Excel for further analysis.

Statistical analysis

IBM SPSS Statistics 27 was used to analyse the data for descriptive statistical means and
standard deviations, and frequency and percentage counts. Spearman’s rank correlation coefficient (p)
was used to estimate correlations between behavioural events and body weight (McHugh, 2012). The
Shapiro-Wilk test (McHugh, 2012) was performed to test for normal distribution, and Fleiss’ multi-rater
kappa was used to determine the level of agreement between the raters on feather and plumage scores
and the data collected using human and video-based observations (Fleiss, 1971).

Results
Behavioural parameters

Of the 48 tagged hens in the floor system, 79.2% engaged in dust bathing for an average
duration of 22.63 + 2.13 minutes. The shortest time observed for dust bathing was one minute, while
the longest was 32 minutes. Additionally, 91.7% of the 48 tagged hens in the floor system utilised the
outdoor area. The behaviours observed in both systems over the six-week study period are summarised
in Table 2. The least prevalent behaviour observed was feather pecking in the enriched cage system,
with an average of 35.4% of hens being pecked.

Table 2 Descriptive statistics for behaviour parameters observed in layer hens housed in a floor
system and in an enriched cage system during a six-week trial period

Behaviour Housm? Duration (min)?2 P'°'°°“'2" of Skewness Kurtosis
system hens (%)
. Floor system 27.94 £ 7.64 75.1 3.378 12.279
Perching .
Enriched cages 47.69+9.72 100.0 0.895 1.130
Feather Floor system 29.39£4.95 58.3 2.627 8.5682
pecking Enriched cages 17.23 £ 0.11 35.4 -0.172 -1.038
Nesti Floor system 37.25+7.43 75.0 -1.235 0.463
estin
9 Enriched cages 46.29 +0.11 93.75 0.649 0.299

"The ages of the hens in the floor (47 weeks old) and cage (27 weeks old) systems differed. 2Duration for which
each behaviour was exhibited (mean + standard deviation).

All the observed behaviours exhibited asymmetric distribution, as indicated by their non-zero
skewness values. Nevertheless, the activity of dust bathing appeared to be nearly symmetrical, as
indicated by a skewness value of 0.367. An extremely uneven distribution was found for perching, with
a skewness value of 3.378.

At the end of the six-week trial period, only 27.08% of the 48 tagged birds in the floor system
did not have any mudballs, while 12.50% had mudballs with a score of 1, 18.75% had mudballs with a
score of 2, and 41.67% had mudballs with a score of 3.

At the start of the trial, the average body weights of the 48 tagged hens in the floor system and
the 48 hens in the enriched cages were 2.10 + 0.27 kg and 1.83 £ 0.17 kg, respectively. By the end of
the trial, the average weight in the floor system had decreased to 1.90 £ 0.31 kg, while in the enriched
cages it had increased to 2.14 £ 0.13 kg.

Associations between behavioural parameters and body weight

Spearman’s rank correlation coefficient was employed to determine the association between
the different behaviours and body weight. Table 3 shows the Spearman's rank correlation coefficient
pairs for the floor system, with positive correlations being found between body weight and the size of
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mud balls, body weight and nesting behaviour, size of mud balls and feather pecking, and feather
pecking and perching behaviour (P <0.05). The negatively correlated behavioural and production
parameter pairs with P <0.05 were body weight and perching, body weight and feather pecking, nesting
and perching, nesting and feather pecking, size of mud balls and dust bathing, feather pecking and
perching, and feather pecking and outdoor area visitation.

Table 3 Relationships between observed behaviours and body weights of laying hens housed in a
floor system

Outdoor Size of

Dust Perching Feather area mud Nesting Body
bathing pecking visitation balls weight
Dust P -
us
bathing ' -value
N 38
[o) 0.220 -
Perching P-value 0.243
N 30 36
[o) -0.019 0.722" -
Feather 5 lue 0939 0.005
pecking
N 18 19 28
Outdoor [o) -0.256 -0.328 -0.074" -
area P-value 0.126 0.067 0.032
visitation N 37 32 24 44
) [o) -0.589™ -0.542" 0.427" 0.236 -
Size of P-value 0.001 0.001 0.026 0.127
mud balls
N 38 35 27 43 47
[o) 0.178 -0.608" -0.570" 0.273 -0.181 -
Nesting P-value 0.285 0.012 0.002 0.073 0.223
N 38 36 28 44 47 48
[o) -0.113 -0.381" -0.268" -0.083 0.409™ 0.465™ --
Bosiy P-value 0.501 0.022 0.007 0.578 0.006 0.001
weight
N 38 36 28 47 44 48 48

p: Spearman's rank correlation coefficient; P-value: two-tailed P-values of less than 0.05 were considered
significant (*), and less than 0.01 were considered highly significant (**); N: number of observations

The correlations observed between the different measured behaviours and body weight for the
48 hens in the enriched cage system can be seen in Table 4, with their corresponding significance
levels. Feather pecking behaviour and body weight were the only pair with a statistically significant
correlation coefficient (p = 0.442).

Intra- and inter-repeatability of feather condition and behavioural parameter scoring

Kappa scores were used to indicate the levels of agreement between the three observers in the
hens' body condition scores (feather and plumage), where 0.61-0.80 is the range indicating an
acceptable level of agreement. The three observers had initial levels of agreement ranging from 0.3 to
0.77, indicating a fair degree of agreement, with higher levels of agreement (>0.6) being recorded from
week 3 to week 6, especially for neck feather condition scores (Table 5).
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Table 4 Relationships between observed behaviours and body weights of laying hens housed in an
enriched cage system

Feather

Perching pecking Nesting Body weight
p -
Perching P-value
N 48
P 0.194
Feather pecking P-value 0.238
N 17 --
P -0.174 -0.474
Nesting P-value 0.238 0.238
N 48 48 - -
P -0.128 -0.442**
Body weight P-value 0.387 0.002
N 48 48 48 48

p: Spearman's rank correlation coefficient; P-value: two-tailed P-values of less than 0.05 were considered
significant (*), and less than 0.01 were considered highly significant (**); N: number of observations

Table 5 Kappa scores indicating the levels of agreement between the three observers' scores for
feather condition parameters over the six-week trial period

Parameter Initial (W1) Intermediate (W3) Final (W6)
Feather condition of neck score 0.32 0.75 0.68
Feather condition of breast score 0.55 0.74 0.74
Feather condition of vent/cloaca score 0.91 0.80 1.00
Feather condition of back score 0.52 0.80 0.73
Feather condition of wings score 0.92 1.00 0.98
Feather condition of tail score 0.51 0.79 0.92
Condition of wounds on the rear 0.96 0.72 0.92
Condition of wounds on the comb 0.77 0.62 0.76

W: week. Kappa score interpretation: <0: no agreement, 0-0.20: slight agreement, 0.21-0.40: fair agreement,
0.41-0.60: moderate agreement, 0.61-0.80: substantial agreement, 0.8—1.00: perfect agreement.

In Table 6, the kappa scores for the levels of agreement between the behavioural parameter
data collected using human observation and collected using video cameras are shown.

Table 6 Kappa scores indicating the levels of agreement between human and video-based behaviour
observations and proportions of behaviour data missed by human observers

Behavioural parameter Kappa score Data missed by human observers (%)
Dust bathing 1.00 40.8
Outdoor area visitation 0.91 11.3
Perching 1.00 38.3
Feather pecking 0.92 57.9
Nesting 0.87 33.26

Kappa score interpretation: <0: no agreement, 0—0.20: slight agreement, 0.21-0.40: fair agreement, 0.41-0.60:
moderate agreement, 0.61-0.80: substantial agreement, 0.8—1.00: perfect agreement.



Chilemba et al., 2025. S. Afr. J. Anim. Sci. vol. 55(3) 134

Perfect agreement was observed for all parameters; however, some behavioural data were
missed during human observation and were recovered from the video recorded data. The highest
percentage of data missed by human observers was for feather pecking (57.9%), with 40.8% of dust-
bathing events also missed by the human observers.

Discussion

Worldwide, consumer awareness of free-range layer production has increased, coupled with
considerable pressure by animal welfare organisations to eliminate the use of conventional cages in
commercial layer production systems (Glatz & Underwood, 2020). This highlights the need for housing
systems that simultaneously meet the welfare needs of chickens, while also keeping production costs
low. To date, this is the first field study in South Africa to describe behavioural parameters under
commercial farm conditions using human and camera-based observations.

Behavioural parameters

In this study, hens in the floor system spent 22.63 minutes dust bathing, on average. Several
previous studies have observed similar dust-bathing events, which varied in duration between 20 and
27 minutes (Van Liere et al., 1990; Sewerin, 2002), and in some instances lasted up to 45 minutes
(Moesta et al., 2008). Previous research has reported that an average of 66.6% of hens exhibit dust-
bathing behaviour (Vestergaard, 1982), which is slightly lower than the average of 79.2% of hens
observed dust bathing in this study. The practical purposes of dust bathing are preening, the elimination
of skin parasites, and the preservation of plumage quality and lipid content (Olsson & Keeling, 2005;
Lay Jr et al., 2011). The incentive to dust bath is inconclusive, with research failing to find evidence of
the hens' desire to do so (Lay Jr ef al., 2011). The duration and frequency of dust-bathing behaviours
depends on housing condition and breed type (Van Rooijen, 2005).

Most free-range hens are reported to prefer to remain near the hen house, rather than visiting
designated outdoor spaces (Keeling, 1988; Hegelund et al., 2005). In contrast to decreasing the indoor
stocking density, providing access to outdoor areas has a space advantage, which stimulates greater
mobility and the expression of innate behaviours, such as foraging and exploring (Knierim, 2006). In this
study, 91.7% of the tagged hens used the outdoor area, which is a much higher proportion than the 15%
in large flocks (>30000 birds) and the 40% in small flocks (1—1000 birds) reported by Hegelund et al.
(2005). Shimmura et al. (2008) reported that 61.5% of hens reared in a small flock used the outdoor
area.

In this study, perching behaviour was exhibited by 75% and 100% of hens in the floor and
enriched cage systems, respectively. This was likely because perches were the only available option
for the expression of natural behaviour in the cage system, other than the nest boxes. The percentage
of hens using perches was higher than the 55% reported by the Farm Animal Welfare Council (FAWC,
2010). Although cage or perch height was not measured in the current study, these factors do also
influence perching behaviour. Perching structures are critical for maximising the use of available space
in floor systems (Cordiner & Savoury, 2001). The enriched cage results agree with those of Hester et
al. (2014), who reported that, irrespective of the cage system used, 85% to 100% of hens in the flock
used perching structures during the day.

Feather pecking is a major economic and welfare concern across all housing systems (Bestman
et al., 2009). This behaviour is often initiated by a few birds and will then spread, if not curbed early
(Bessei & Kjaer, 2015), and may be worse in larger groups with higher stocking densities (Pdtzsch et
al., 2001). Feather pecking was the least frequently observed behaviour in this study, but was more
prevalent among the hens in the floor system than among those in the enriched cages. Coton et al.
(2019) reported that 32.9% of hens exhibited feather-pecking behaviour in enriched cages, and 23.8%
of hens exhibited this behaviour in a floor system. This is in contrast with the results of the current study,
in which higher frequencies of feather pecking were observed in the floor system (58.3%) than in the
enriched cages (35.4%).

Kappa scores for both systems showed substantial or higher levels of agreement for feather-
pecking wounds on the cloaca and wings from the initial to the final week of observation. Literature
suggests that flock size, rather than stocking density per se, has a significant effect on plumage
condition, and that this is potentially an important mediating factor for feather pecking (McKeegan &
Savory, 1999; Struelens & Tuyttens, 2009). In layer flocks, aggression may be an indication that the



135 Chilemba et al., 2025. S. Afr. J. Anim. Sci. vol. 55(3)

housing system does not satisfy the hens’ behavioural and welfare needs at a given time and place
(Weeks & Nicol, 2006), rather than being a fixed and continual obligation (Bil¢ik & Keeling, 2000).

No significant effects were observed on nesting behaviour, which was less prevalent in the floor
system (75%) than in the enriched cages (93.75%). Zimmerman et al. (2000) reported that hens were
more frustrated by nest box removal than by feed and water deprivation. The prioritising of nesting
behaviour therefore improves hen health and well-being (Weeks & Nicol, 2006; Widowski et al. 2013).
The utilisation of nests for egg-laying purposes is also beneficial to farmers, as nest-laid eggs are
cleaner than those laid on the floor or litter (Dikmen et al. 2016).

Another welfare concern is the presence of moisture in wet litter or in wet soil in free-range
systems, which causes muddy surfaces and, consequently, dry clumps of mud on hens’ feet. Despite
the lack of research on the occurrence of dry mud balls on toes, the removal of dirt should be considered
a management practice for enhancing bird welfare. Dry mud balls measuring more than 3 cm in length
were observed on the toes of 41.67% of the hens at the end of the six-week study period. Widowski et
al. (2016) emphasised the importance of feet for the performance of activities such as locomotion,
perching, and self-grooming. Physical impediments may thus restrict movement and limit certain
behavioural activities (Hartcher & Jones, 2017).

Associations between behavioural parameters and body weight

A negative correlation between feather pecking and body weight was seen in the enriched cages
(P =0.002). The continuous pecking of feathers by fellow layers resulted in the deterioration of the
victims’ plumage and prompted the affected birds to seek refuge and protection (Cronin & Glatz 2020).
The reduced mobility and increased stress levels of layers attempting to avoid being pecked may lead
to a decrease in their daily intake of feed and water. This may result in a decline in their overall weight,
which could explain the observed negative correlation.

Nesting behaviour was positively correlated (p = 0.465) with body weight. As hens instinctively
engage in nesting behaviour (Weeks & Nicol, 2006), it can be deduced that an increase in hen weight
will result from improved welfare conditions, such as better accessibility of food and water and fewer
instances of feather pecking, and that this is also linked to a corresponding increase in nesting
behaviour. Previous studies have reported positive correlations between body weight and egg
production (Hester et al., 2013; Luchkin et al. 2021), although reports on the association between
nesting behaviour and body weight are limited.

The present study found a negative correlation between feather pecking and nesting behaviour,
with pecked hens avoiding the nest boxes and preferring the protection of perching structures. This
change in behaviour leads to a decrease in the amount of time that the hens spend in the nesting boxes,
which subsequently impacts their egg-laying habits (Cronin et al., 2008). The observed inverse
relationship between nesting and perching behaviours can be attributed to feather pecking, with layers
that are being pecked spending longer perching and less time in the nest boxes (Cronin & Glatz 2020).

To our knowledge, this is the first study to report on the association between the size of dry mud
balls and hen behaviour. Over the study period, hens accumulated mud balls due to water spillages
while drinking and/or occasional leakages. Birds with lower weights tended to have fewer mud balls and
were subjected to more pecking, and thus spent more time on the perches. The observed significant
positive correlation between body weight and the size of the mud balls formed suggests that birds with
higher body weights had sufficient opportunity to drink water, and thus potentially spent more time
standing on muddy surfaces. Fanatico et al. (2009) found that chickens provided with enough feed and
water did not engage in frequent running, and were thus more likely to gain weight.

Mud balls on the hens’ toes inhibited hens from dust bathing and perching, because of their
inability to maintain balance. Hens may experience frustration and distress if they are unable to engage
in natural behaviours, and may then resort to feather pecking as a form of aggression (Lay Jr ef al.,
2011). The significant positive correlation found between mud ball size and feather pecking could be
explained by the fact that when their mud balls became larger, these hens (N = 27) were unable to
perform their preferred behaviours, such as nesting and dust bathing, leading to frustration and
subsequently feather pecking. Studies have found decreased levels of frustration and feather-pecking
incidences in housing systems where the hens could express behaviours like nesting, perching, and
dust bathing (Widowski et al., 2013).
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Inter- and intra-observer repeatability for body condition scoring

A high level of agreement (p >0.8) was found between the data collected through video
recordings and the data collected through human observation by three observers for feather scores,
which agrees with the findings of Milisits et al. (2021). It may be less challenging to observe a specific
activity or condition using video recordings than it is to conduct a physical assessment of the condition.
According to Bateson & Martin (2021), correlations should have p values near or below 0.7, unless the
measured parameters are significant and pose challenges for measurement. Multiple scorers monitoring
identical parameters is necessary to avoid bias. In the first week, one examiner gave higher scores for
the tail and wing feathers, but this was corrected by the third week, after feedback and as the observer’s
skills improved over time. Video recordings proved reliable for the precise capturing of behavioural
events for welfare monitoring.

Conclusions

The results of this study confirmed the need for layer hens to exhibit natural behaviours in both
a floor system and in enriched cages. Certain negative behaviours and outcomes may not be obvious
to farm managers unless they are closely and regularly observed, and video-based observations can
thus be beneficial for monitoring. When hens encounter minimal hindrances impeding their natural
movements, such as when there are few to no mud balls present, they are more likely to engage in dust
bathing and perching activities. Paying attention to the behaviours observed and monitored in this study
should promote sound bird welfare and, when combined with appropriate management, should also
optimise hen productivity.
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