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ABSTRACT

This study aimed to investigate the effects of different flooring systems (fully littered, fully slatted,
and litter-slatted combinations) on welfare, behavioural traits, and body defects in broiler chicken
production. In the study, a total of 600 broilers (Ross-308); were analysed for passive, active, and
comfort behaviour based on the age and time of day, while physical defects such as footpad
dermatitis (FPD), hock burns, and body dirtiness were evaluated at 42 days. The research findings
revealed that as age advanced and body weight increased, the active behaviour repertoire of the
broilers were significantly restricted and passive behaviours became dominant. In particular, a sharp
Age _decline in act_ivity was o_bserved aft(_ar the 27_th day; act_ive be_haviours were found to be concen_tra}ted
Day-time variation in the morning and_ mld-day, w_hlle passive behawoqrs increased in the afternoon. $t_at|st|cal
Slat analyses showed positive correlations between body weight and hock burns, feather condition, and
Litter body dirtiness, but no direct relationship between FPD and body weight. No statistical difference
Welfare in litter moisture content was found among all groups except the fully slatted system. In conclusion,
the welfare problems and physical defects observed in the study appear to be caused by mechanical
pressure resulting from the birds' genetic potential for fast growth and the associated increase in
body weight, rather than the type of flooring material or litter quality.
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Introduction

Broiler production accounts for the largest share of total
poultry meat production globally and provides significant
economic returns. Production is carried out within an
integrated system, from genetic material to production,
slaughter, further processing, and marketing, as part of an
organized whole (Mounir et al., 2025). Innovations can be
applied at the highest level in all stages from production to
consumption in the sector, and production is carried out
taking consumer demands into account (Fortomaris et al.,
2007; Sogunle et al., 2008; El-Deek and El-Sabrout, 2019;
Sarica et al., 2024). Broiler production has significant
advantages over all other areas of animal production, such
as a short production period, low labour use, suitability for
high-density production, and low meat production costs.
On the other hand, its industrial and commercial
importance and its effectiveness in feeding the growing
population are significant, and production continues to
increase. For many years, poultry meat production has
ranked first in global meat production, and this is expected
to continue to increase in the future (Sudra et al., 2018;
Azeez and Akbay, 2021; Sarica et al., 2024).

Parallel to the increase in production, some problems
have been observed in the growth, health, metabolic, and
physiological characteristics of the animals, and changes
are also taking place in production systems according to
consumer demands. Broiler chicken production largely
takes place in closed, environmentally controlled houses
with littered systems (Legge et al., 2023), and dermatitis,
injuries, discoloration, and some infections may occur in
various parts of the feet, breast, and body, particularly due
to litter moisture (Buijs et al., 2009; Michel et al., 2012).
Cage and slat systems are not considered suitable for
animal welfare due to both the short production period and
the body defects that arise with increasing body weight
(Bessei, 2006; Bessei, 2018; Jhetam et al., 2022).

Problems arising from poor welfare and body defects
caused by litter in the floor system and the increase in body
defects and inability to exhibit behaviour in the cage
system have led to the testing of alternative production
methods. On the other hand, it is stated that cages, plastic
slats and different litter materials cause significant
differences in  production parameters, intestinal
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microbiological ~ composition,  blood  biochemical
properties and some health parameters in broilers, and that
significant health advantages are provided in cage and
slatted systems (Mounir et al., 2025). However, compared
to the littered system, the cage system shows serious
shortcomings, especially in welfare parameters (Dikmen
and Gundiz, 2025). In the littered system, covering the
drinker lines with slats or ramps that increase bird's activity
has been found to have positive effects on production,
welfare, and behavioural characteristics (Sonnabend et al.,
2022; May et al., 2024). In this study, which investigated
the effects of slats, litter, and slat-litter combinations on
productivity, behavior, welfare, and body defects in broiler
chickens, age-related behavioural characteristics, changes
in behavioural characteristics throughout the day, and the
relationships between behavioural traits and certain
welfare parameters were evaluated. This knowledge is
important for making changes in rearing practices,
especially for taking measures in inadequate
environmental conditions.

Material and Methods

This study was conducted in a controlled experimental
unit at the Poultry Research Unit of the Faculty of
Agriculture Research and Application Farm, in accordance
with the decision of the Ondokuz Mayis University Local
Animal Experiment Ethics Committee dated 29.04.2021
and numbered 2021/25, under controlled conditions of
temperature, humidity, ventilation, and lighting.

The broiler material used consisted of 600 mixed-sex,
fast-growing broilers (Ross308) at the age of one day. The
experiment consisted of five treatment groups with four
repetitions each: fully littered (FL), fully slatted (FS), %
litter + %% slatted floor (1/2SF), 1/3 litter + 2/3 slatted floor
(2/3SF), and 2/3 litter + 1/3 slatted floor (1/3SF). The
procedures carried out during the rearing period (feeding,
health care, lighting, heating, weighing, and other
management practices) are detailed in the article published
as the first part of this experimental study (Aslan et al.,
2024 https://doiorg:/10.1007/511250-024-04132-6). The

Table 2. Ethogram used for behavioural observations

published article evaluated data on growth, carcass
characteristics, and litter moisture. This study, however,
examined changes in the behavioural characteristics of
chickens with age and at different periods of the day,
revealing relationships between behaviour and certain
welfare characteristics.

Behavioural traits were classified as passive (resting,
sleeping), active (standing, locomotion, feather pecking,
aggressiveness, running, exploratory, foraging, eating,
drinking), and comfort behaviours (preening, stretching,
dust bathing). Behaviour was observed at pen level using
instantaneous scan sampling at six ages (day 6, 13, 20, 27,
34, and 41). Video recordings were taken at 3 different time
intervals (9-11 am., 1-3 p.m., 5-7 p.m.) on each
observation day using video cameras. The behaviour of the
birds in the pen was determined by instantaneous sampling
every 20 minutes for each time interval. This means that a
total of 21 scans were performed for each pen on each
observation day. In each scan, the behaviours of all broilers
in the pen were determined according to the ethogram in
Table 2. behavioural observations were performed by the
same observer. The number of birds exhibiting specific
behaviours in each pen was divided by the total number of
birds and expressed as the percentage of the respective
behaviour (Welfare Quality, 2009; Fortomaris et al., 2007,
Sarica et al., 2024; Dikmen and Gundiiz, 2025).

Body defects (footpad dermatitis: FPD, hock burn: HB,
breast burn: BB, finger crookedness: FC, walking ability:
WA, body cleanliness: BC, and breast feathering: BF) and
behavioural characteristics (passive, active, and comfort
behaviours, as well as tonic immobility) were evaluated in
the study. Behavioural traits were determined weekly and
in three periods during the day (morning: 9:00-11:00;
afternoon: 13:00-15:00; evening: 17:00-19:00 h), while
body defects were determined at the 42 days of age.

FPD, HB, BB, FC, BC, and BF observations were
individually determined in all broilers before slaughter
(Table 1) (Welfare Quality, 2009; Da Costa et al., 2014; Li
et al.,, 2017; Cavusoglu and Petek, 2019; EFSA, 2023;
Sarica et al., 2024; Dikmen and Giindiiz, 2025) and some
visuals of body defects are shown in Figure 1.

Category Behaviour Expression of the behavior
Passive Resting Sitting or lying down on the litter without any other behavior
Sleeping Sitting or lying down on the litter with eyes closed
Standing Standing still without doing any activity on its feet
Locomotion Walking around without doing other activities
Feather pecking Gently pecking and pulling the feathers of other birds in the pen
Jumping on each other, threatening from the front, walking aggressively
Aggressiveness towards each other, jumping in place, aggressively pecking at other birds'
Active heads, kicking or flapping wings
Escape Avoiding any stimulus, being alert, crouching, or freezing
Exploratory Pecking the pen's accessories and equipment
Foraging Pecking at the ground, searching for food by scratching with the feet
Eating Eating feed from the feeder
Drinking Drinking water from a nipple drinker
Preening Playing with their own feathers and preening
Stretching Stretching by extending one leg and one wing
Comfort Cleaning the feathers by rubbing the body with the head and body using the
Dust bathing litter material, mixing the litter with the feet, and trying to insert the litter
material between the feathers with upright wing movement
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Table 1. Procedures for determining welfare indicators

Score FPD /HB BB FC BC BF
All fingers . . Completely
0 No lesions or color changes  No deformation are intact and The entire body is covered with
. clean
straight feathers
. . Feet, legs, and .

1 Spot Iesmn; and color Slight redness 1-2 fingers feathers are 25% Slight feather

changes exist crooked dirty loss

. . . Feet, legs, and

Lesions exist on 50% of the 3-4 fingers e EMo Moderate

2 foot-pad/hock Moderate redness crooked (fjeizritt;ers are 50% feather loss
. . . Feet, legs, and
o - i} 1

3 Lesions exist on 75% of the Severe redness 5-6 fingers feathers are 75% Severe feather

foot-pad/hock crooked dirty loss

Severe lesions, swelling, or Sever_e lesion, . Feet, legs, and Completely

. swelling, or 7-8 fingers
4 bleeding present on the foot- . . feathers are featherless
bledding exist on crooked .
pad/hock breast skin completely dirty breast

FPD: Foot-pad dermatitis, HB: Hock burn, BB: Breast burn/discoloration, FC: Finger crookedness, BC: Body cleanliness, BF: Breast feathering.

d

Figure 1. Images of some body defects in broilers
(a: hock burn, b: foot-pad dermatitis, c: breast burn, d: finger crookedness, e: breast feathering level)

Statistical Analyses

Statistical analyses were conducted using SPSS 21.0
based on a randomized block design. A one-way ANOVA
was applied to assess behavioural characteristics, and
Tukey's test was used for mean comparisons at a
significance level of P<0.05. The Kolmogorov-Smirnov
test was used to check for normality. For non-normally
distributed behavioural data (in percentages), arcsine
transformation was applied for the statistical tests,
although the actual means were reported in the results. For
body defect characteristics consisting of score data, the
Kruskal-Wallis and Mann Whitney-U tests were used.
Correlations were determined to identify the relationships
between various body defects and welfare parameters. The
Pearson correlation test was used to determine the
relationships ~ between  continuously  distributed
characteristics, while the Spearman Rank correlation test
was used for discretely distributed characteristics.

Results and Discussion

Age-Related Changes in Behavioural Characteristics

The changes in passive, active, and comfort behaviours
of broiler chickens at different ages are shown in Table 3.
Passive behaviours showed a continuous increase with age,
reaching the highest level at 34 days of age (from 55.91%
to 80%), while a partial decrease was observed at 41 days
of age compared to 34 days (P<0.01). The number of
broilers exhibiting active behaviours decreased with age
(from 42.20% to 13.88%; P<0.01), with similar results

observed at 34 and 41 days of age. Comfort behaviours
increased up to 27 days of age, with similar results at 27,
34, and 41 days of age (P<0.01). As these values are
determined as a percentage of the total birds, a decrease in
one group and an increase in the other group is to be
expected. However, the significant decrease in active
behaviours after 27 days of age is particularly important
because body defects in broiler chickens also begin to
increase during this period.

The age-related changes in passive, active and comfort
behaviours at different age periods depending on the
littered, slatted, and littered+slatted floor systems are
shown in Figures 2, 3, and 4, respectively. There were age-
related increases in passive behaviours, no consistent
change in the same direction was observed each week in
each floor system, and treatment x age interactions were
found significant (P<0.01).

Passive behaviours increased with age, while active
behaviours showed a decreasing trend. Although there
were significant differences between treatment groups
each week, treatment x age interactions were also
significant (P<0.01). On the other hand, significant
decreases in active behaviours were observed in all
treatment groups, particularly at 5 and 6 weeks of age. This
situation is mainly due to increased body weight.

Comfort behaviours showed age-related partial
increases, but the highest increases were observed in FS
and FL systems (P<0.01). Treatment-age interactions were
also significant for these traits (P<0.01).
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Table 3. Age-related changes in passive, active, and comfort behaviour categories in broilers (%)

Age (days)

Category 5 3 20 27 31 a1 SEM Age effect
Passive 55.91¢  67.86° 69.3°°  69.98° 80.00° 79.79*  0.559 F(5,400)=220.767, p<0.01
Active 42200 27.45°  24.14° 22.30% 13.88¢ 14.11° 0541 F(5,400)=337.657, p<0.01
Comfort 1.88¢ 4.68° 6.54° 7.712 7.807 7.69*  0.196 F(5,400)=136.788, p<0.01

be; The means in the same row followed by different letters are significantly different according to Tukey's test (P<0.05); SEM: Standard error of the

mean.

100,00

Passive behaviors (%)

1 2 3 4 5 6

Age (weeks)

Figure 2. Age-related changes in passive behaviours of

broilers reared on different floor designs (%).
F(20,400) = 4.594, p(treatmentxage)<0.01).

Although a general age-related increase in comfort
behaviours was observed across all flooring types during
the first four weeks, the behavioural profiles of the groups
diverged significantly in the 5th and 6th weeks. In later
ages, the comfort behaviours of the chickens housed in FS
and FL floor designs maintain high levels and continue to
increase; while in partially slatted floor (SF) combinations
(2/3SF, 1/2SF, and 1/3SF), after the 4th week, a significant
decrease in the frequency of these behaviours was
recorded.

Consistent with our findings, Bokkers and Koene
(2003) reported that the decrease in locomotion behaviour
in fast-growing broilers also had a significant effect on
feeding, standing, and resting behaviours, and that resting
behaviour increased with advancing age in fast-growing
broilers. Mattioli et al. (2017) indicated that there is a
negative relationship between body weight and active
behaviours, and therefore active behaviours decrease
significantly with age. Dixon (2020) stated that the time
allocated for resting behaviour increases with age, while
the time allocated for standing, walking, preening, and dust
bathing decreases.

The effect of different flooring systems on age-related
behavioural characteristics in broiler chickens is shown in
Table 4. Resting behavior, which is related to body weight
gain, was highest at 34 and 41 days of age (61.75% and
61.76%) and lowest at 6 days of age (23.98%) (P<0.01).
Sleeping behaviour was highest at 6 days of age and lowest
at 41 days (P<0.01). Standing behaviour was highest at 6
days and decreased continuously with increasing age
(P<0.01). The highest level of locomotion was observed at
6 days (3.67%), while the lowest levels were observed at
34 and 41 days of age (0.29% and 0.29%, respectively)
(P<0.01). Aggressive behaviour was highest at 6 days
(0.30% and 0.29%), while it was lowest at 34 and 41 days

60,00

50,00

4000

30,00

Active behaviors (%)

2000

1000

Age (weeks)

Figure 3. Age-related changes in active behaviours of

broilers reared on different floor designs (%).
F(20,400) = 4.242, p(treatmentxage)<0.01).

(0.12% and 0.08%) (P<0.01). Exploratory behavior, which
was highest at 6 days of age (1.46%), was lowest at 41 days
(0.06%) (P<0.01).

Foraging behaviour was initially somewhat higher, but
was similar across all ages. Feeding behaviour was higher
during periods of maximum live weight gain and similar at
other ages (P<0.01). Water drinking behaviour was highest
at 6 days (25.24%), gradually decreased with age, and
showed similar behaviour duration in the last three weeks
(P<0.01). Among comfort behaviours, feather preening
showed a partial increase with age (P<0.01). Although
stretching increased with age (P<0.01), lower values were
obtained in the last week. A decrease in dust bathing
behaviour was observed with age; the increase in the first
three weeks decreased in the following periods, and similar
results were obtained in the last three weeks (P<0.01).

Bizeray et al. (2002) reported a decrease in sleeping
behaviour with increasing age, similar to the results of this
study. Various research results have reported that broiler
chickens spend most of their time resting as they age
(Mattioli et al., 2017; Dixon, 2020; Ghayas et al., 2021).
Dikmen and Gunduz (2025) stated that there are
differences in the feeding and sleeping behaviours of
broiler chickens reared in cage and floor systems. Less
eating behaviour was observed in the cage system (26.28%
vs. 33.99%), while sleeping behaviour was higher (27.94%
vs. 18.27%). They did not report any differences in
behavioural characteristics such as drinking, locomotion,
standing, and sitting. In the same study (Dikmen and
Gunduz, 2025), they stated that there were no significant
differences in behavioural characteristics observed at 4 and
6 weeks of age, except for locomotion behavior. Bizeray et
al. (2002) emphasized that active behaviours decreased
with age.
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Table 4. Age-related changes in behavioural traits in broilers (%)

. Age (days)

Behaviours 5 3 20 57 v a1 SEM Age effect
Resting 23.98Y 43.60° 50.88° 49.54° 61.75*° 61.76% 0.580 F(5,400)=503.232, p<0.01
Sleeping 29.19%2 23.45° 17.849 19.72¢ 17.649 15.41°¢ 0.626 F(5,400)=57.991, p<0.01
Standing 2.728 0.80P 0.56° 0.71° 0.60° 0.82° 0.106 F(5,400)=60.791, p<0.01
Locomotion 3.672 1.89° 0.88¢ 0.61¢  0.29¢ 0.23¢  0.119 F(5,400)=82.051, p<0.01
Feather pecking®
Aggressiveness! 0.302 0.292 0.14> 0.18® 0.12° 0.08"° 0.044 F(5,400)=4.305, p<0.01
Escape!

Exploratory 1.462 1.01° 0.37¢ 0.32¢ 0.16% 0.06° 0.077 F(5,400)=45.836, p<0.01
Foraging 1.902 2.25% 1.692 1.982 2.082 1,932  0.166 F(5,400)=1.761, p<0.09
Eating 9.96° 1270 14.10* 13.64* 5.00° 5.88¢  0.302 F(5,400)=161.773, p<0.01
Drinking 25.24%  9.71° 7.26° 6.73% 5.90¢ 6.48%  0.294 F(5,400)=312.400, p<0.01
Preening 1.38¢ 382 575" 691° 558° 7.09° 0108 F(5400)=151.599, p<0.01
Stretching 0.40° 0.65° 060® 076° 1.13* 056 0078  F(5400)=8.695, p<0.01
Dust bathing 0.10b 024a 022a 0.02b 0.09b 0.01b 0037  F(5400)=6.191, p<0.01

1 Given as the total frequency of feather pecking + aggressiveness + escape behaviours; ¢ The means in the same row followed by different letters are
significantly different according to Tukey's test (P<0.05); SEM: Standard error of the mean.

1200

Hrs
W23sF

10,00

Comfort behaviors (%)

1 2 3 4 5 6
Age (weeks)

100,00
EMaming
B wid-day
W Afternaon

60,00

60,00

40,00

Passive behaviors (%)

2000

1 2 3 4 5 6

Age (weeks)

Figure 4. Age-related changes in comfort behaviours of ~ Figure 5. Daytime-related changes in passive behaviours of

broilers reared on different floor designs (%).
(F(20,400) = 3.336, p(treatmentxage)<0.01).

Consistent with our study, a decrease in active
behaviours such as standing, locomotion, aggressiveness,
and exploratory behaviours was recorded with advancing
age. High body weight resulting from growth is the most
important factor affecting the decrease in active
behaviours. In their study investigating the effect of
environmental enrichment on physical activity in broiler
chickens, Bizeray et al. (2002) found that eating and
drinking behaviours increased in parallel with age.
Consistent with this study, feeding behaviour was observed
to increase with age, while drinking behaviour decreased.
Bach et al. (2019) reported that broiler chickens spent 10%
of their active time eating and 7% drinking. Cavdarci et al.
(2022) stated that in the first week, the feed intake
behaviour of broiler chicks was 11.1% on FS floors, 10.7%
on 2/3SF floors, and 10.6% on FL system. Blokhuis (1989)
reported that in slatted floor designs, broiler chickens are
unable to exhibit behaviours such as scratching and
foraging, and these behaviours are replaced by exploration
and feeding behaviours. The study observed that comfort
behaviours increased with age. Bizeray et al. (2002)
reported that feather-preening and other comfort
behaviours increased with age. Knierim (2013) reported
that reducing stocking density could increase the time spent
on comfort behaviours such as dust bathing, wing flapping,

broilers (%).
(F(10,400) = 6.671, p(agexdaytime)<0.01).

feather care, and stretching. Dixon (2020) noted that
comfort behaviours such as feather preening and dust
bathing are lower in fast-growing broilers than in slow-
growing broilers, depending on age.

Day-time Changes in Behavioural Traits

Changes in behavioural characteristics in broiler
chickens throughout the day may vary depending on the
time required to meet needs such as feeding and drinking,
as well as lighting practices. In this study, changes in the
main behavioural categories of broiler chickens- passive,
active, and comfort behaviours- at different times of the
day are presented in Table 5, while changes in detailed
behavioural characteristics are presented in Table 6.

Passive behaviours were at their highest level in the late
afternoon (P<0.01). In contrast, active behaviours
increased until mid-day (P<0.01). In particular, providing
18 h of lighting at 5 and 6 weeks of age led to an increase
in active behaviours such as feeding and drinking in the
early hours of the day. Higher values were determined for
comfort behaviours during the period up to mid-day
(P<0.01). Interaction effects on the changes in passive,
active, and comfort behaviours across age groups and day-
time periods were found significant (Figures 5, 6, and 7;
P<0.01).
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Table 5. The effects of day-time periods on passive, active, and comfort behaviour characteristics in broilers (%)

Day-time periods . .
Category Morning Mid-day _ Afternoon SEM Effects of day-time periods
Passive 69.45° 68.00¢ 73.082 0.396 F(2,400)=45.015, p<0.001
Active 24.618 25.29° 21.88° 0.383 F(2,400)=23.253, p<0.001
Comfort 5.93" 6.69° 5.03° 0.139 F(2,400)=20.369, p<0.001

¢ The means in the same row followed by different letters are significantly different according to Tukey's test (P<0.05); SEM: Standard error of the mean.

60,00
H Morning
W wid-day
W Aftemaon

Active behaviors (%)

1 2 3 4 5 6

Age (weeks)

12,00
E Morning
B Mid-day
W Afternoon

10,00

Comfort behaviors (%)

1 2 3 4 5 6

Age (weeks)

Figure 6. Daytime-related changes in active behaviours of Figure 7. Daytime-related changes in comfort behaviours of

broilers (%).
(F(10,400) = 7.588, Pragexdaytimey<0.01).

While passive behaviours were the highest in the mid-day
across all age groups, the trend changed in the morning and
afternoon (Figure 5). Although higher values were obtained in
active behaviours during morning and afternoon (Figure 6;
P<0.01), the changes were not consistent in the same direction
each week; consequently, age x day-time period interactions
were significant (P<0.01).

Comfort behaviours were also highest during the
midday period in all ages, particularly from the second
week onwards (Figure 7). Comfort behaviours were higher
in the morning and midday in all periods (P<0.01).

Differences in behavioural characteristics at different
time periods of the day were found significant (P<0.01;
Table 6). Resting behaviour was high throughout the day,
but the highest levels were observed in the morning and
mid-day (P<0.01). Sleeping behaviour was highest in the
afternoon (P<0.01). Standing was highest in the morning
(P<0.01); locomotion behaviour was similar and higher in
the morning and mid-day, and lower in the afternoon
(P<0.01). Aggressive behaviours were higher in the
morning and similar in the mid-day and afternoon
(P<0.01). Exploratory behaviour decreased from morning
to afternoon (P<0.01), while foraging behaviour was
highest during mid-day (P<0.01). Feeding behaviour was
similar during mid-day and afternoon, while lower results
were determined during morning period (P<0.01).
Drinking was highest in the morning and decreased in the
following periods (P<0.01). Feather preening was higher in
the morning (P<0.01), while stretching was higher in the
morning and mid-day compared to the afternoon (P<0.01).
Dust bathing behaviour was also higher in the morning and
mid-day (P<0.01).

The study clearly shows that active and comfort
behaviours decrease inversely with increasing age.
Changing trends can be observed in the frequency of
certain behavioural characteristics during the day. In
particular, active behaviours may change depending on

broilers (%).
(F(20,400) = 8.780, Pryaswein ici ramany<0.01).

lighting, feeding time, and group size in chickens (Sarica
etal., 2022). Kumssa and Bekele (2013) found that feeding
behaviour in broilers was highest between 6-9 and 15-16 h,
while resting behaviour was highest between 12-15 h. De
Jong and Gunnink (2019) reported that foraging and
aggressive behaviours were higher in observations made in
the morning, while resting and comfort behaviours were
higher at mid-day. Dikmen and Giindiiz (2025) stated that
in broiler chickens reared in cage and floor systems, the
feeding behaviour was higher in the morning hours
compared to mid-day and afternoon periods, while the
sleeping behaviour was higher in the afternoon and later
hours. They reported that there was no significant change
in other behavioural characteristics throughout the day.

Relationships Between Body Weight (At 42 Days) and
Body Defects in Broilers

The relationships between body weight at 42 days and
certain identified body defects and welfare parameters are
presented in Table 7. Correlations between body weight
and footpad dermatitis (FPD) and tail cleanliness were not
significant. Positive correlations ranging from low to
moderate (r between 0.09 and 0.37) were determined
between body weight and other traits (P<0.05; P<0.01). A
moderate correlation (r=0.50) was found between finger
crookedness and FPD (P<0.05). A low correlation (r=0.14)
was determined between FPD and breast burn (P<0.01),
while no significant correlation was determined between
FPD and other body defects.

A significant correlation (r=0.44) was observed
between hock burn and plumage condition (P<0.01). On
the other hand, although significant, low correlations were
determined between hock burn and breast burn and body
dirtiness (r=0.11 and 0.09; P<0.01 and P<0.05). Low
correlations were found between finger crookedness and
breast burn (r=0.14; P<0.01) and between body dirtiness
and breast burn (r=0.10; P<0.05).
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Table 6. The effects of day-time periods on behavioural traits in broilers (%)

. Day-time periods :
Behaviours Morning Mid-day Afermoon SEM Effects of day-time
Resting 51.68? 49.82b 44.26° 0.410 F(2,400)=76.305, p<0.001
Sleeping 16.17° 17.37° 28.09? 0.443  F(2,400)=198.164, p<0.001
Standing 1.582 0.80° 0.72° 0.075 F(2,400)=40.138, p<0.001
Locomotion 1.392 1.49° 0.91° 0.084 F(2,400)=8.972, p<0.001
Aggressiveness? 0.322 0.15° 0.09° 0.031 F(2,400)=15.253, p<0.001
Exploratory 0.802 0.54° 0.34¢ 0.054 F(2,400)=15.823, p<0.001
Foraging 2.02° 2.502 0.89° 0.118 F(2,400)=39.160, p<0.001
Eating 8.84P 10.882 10.91° 0.213 F(2,400)=28.842, p<0.001
Drinking 11.60° 10.18° 8.87¢ 0.208 F(2,400)=20.803, p<0.001
Preening 4.96° 5.772 4.54¢ 0.127 F(2,400)=25.385, p<0.001
Stretching 0.79% 0.802 0.46° 0.055 F(2,400)=10.820, p<0.001
Dust bathing 0.19% 0.13% 0.02° 0.026 F(2,400)=11.108, p<0.001

! Given as the total frequency of feather pecking + aggressiveness + escape behaviours; *>¢: The means in the same row followed by different letters
are significantly different according to Tukey's test (P<0.05); SEM: Standard error of the mean.

Table 7. Correlations between body weight and body defects?

Body Hock Finger Breast  Plumage Body Breast
Body defects weight FPD burn crookedness burn condition  dirtiness  dirtiness
FPD -0.06
Hock burn 0.37 ** 0.02
Finger crookedness 0.09*  0.50 ** 0.06
Breast burn 011* 0.14* 0.09* 0.14 **
Plumage condition 0.26 ** 0.01 0.44 ** 0.05 0.03
Body dirtiness 0.37 ** -0.03  0.11** 0.05 0.10* 0.15**
Breast dirtiness 0.23 ** -0.02 0.06 0.06 0.02 0.09 * 0.42 **
Tail dirtiness 0.06 0.02 0.03 0.02 -0.02 0.05 0.25 ** 0.52 **

1 The Pearson correlation test was used in the relationship analysis of parametric variables, while the Spearman Rank correlation test was used for non-

parametric variables. **: p<0.01, *: p<0.05.

Tablo 8. Litter moisture content (%)

FS! 2/3SF 1/2SF 1/3SF

FL SEM Treatment effect

58.66 30.15 30.67 34.76

34.73 1.50 F(3,16)=2.82, p = 0.072

1 The moisture content determined in the fully slatted system was not included in the statistical analysis and is given as an average value; FS: Fully
slatted system, 2/3SF: 2/3 slatted + 1/3 littered system, 1/2SF: 1/2 slatted + 1/2 littered system, 1/3SF: 1/3 slatted + 2/3 littered system, FL: Fully littered

system.

Low correlations were found between plumage
condition and body dirtiness and breast dirtiness (r=0.15
and 0.09; P<0.01 and P<0.05). Moderate correlations
(r=0.42 and 0.25; P<0.01) were found between body
dirtiness and breast dirtiness and tail dirtiness. A
moderately high correlation (r=0.52; P<0.01) was found
between breast dirtiness and tail dirtiness.

Welfare in broiler chickens is a multidimensional
concept and refers to the ability of birds to cope with the
conditions in which they live (Jacobs et al., 2023). Poorly
managed litter causes deterioration in welfare parameters
such as footpad dermatitis, hock and breast burns (Bessei,
2006; Arnould et al., 2011; Bessei, 2018). The study found
no significant correlation between body weight at 6 weeks
and FPD and tail dirtiness, but identified positive
correlations ranging from low to moderate (r between 0.09
and 0.37) with other traits. Previous studies have associated
poor welfare in broilers with fast growth rates, high body
weight, and poor housing conditions (Knowles et al., 2008;
Kyvsgaard et al., 2013). Topal (2021) reported that broiler
chickens reared on slatted floors may reduce contact
dermatitis caused by unfavorable litter conditions, as they
do not come into direct contact with manure. Li et al.
(2017) reported no significant difference in footpad lesions

between chickens reared on litter and those reared on
slatted floors in their comparative study. Almeida et al.
(2017) compared plastic slatted flooring with littered
rearing systems and reported a higher incidence of footpad
lesions on plastic slatted flooring. On the other hand,
Chuppava et al. (2018) reported that littered flooring had
no significant effect on footpad health in broilers, while
completely slatted flooring resulted in fewer footpad
lesions in turkeys.

Effects of Different Floor Systems on Litter Moisture

The moisture content of the litter in broiler chickens
reared on different flooring systems is given in Table 8. No
moisture value could be determined for the slatted floor
treatment group due to the absence of litter material. No
significant differences in litter moisture content were
observed among the other treatments. These results
indicate that litter quality can be maintained with
appropriate litter management in either partially slatted or
fully littered systems. Litter moisture content was found to
have no effect on body defects observed in chickens; these
defects were understood to be an effect of the treatments
applied.
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In our study, since there was no litter material in the
slatted floor treatment group, no moisture value could be
determined (manure moisture under the slatted floor was
58.66%), and no significant differences were found in the
moisture content of the litter between the other treatments.
Consistent with our study, Adler et al. (2020) reported that
litter quality deteriorated as the rearing period progressed
and that floor type had no effect on average litter quality.
Heitmann et al. (2020) reported that the age of the chickens
significantly affected litter dry matter values. They
reported that the average litter dry matter content was
62.8% on slatted-littered combine systems and 61.7% on
fully littered flooring, noting that the differences were not
significant.

De Jong et al. (2014) reported that broiler chickens
spending at least half of the rearing period in contact with
litter containing high levels of moisture and feces had an
increased incidence of footpad dermatitis, hock burns, and
feather dirtiness, and this had a negative effect on welfare
parameters. However, in our study, the absence of
differences in litter moisture values between treatments
suggests that body defects are more likely to be caused by
the level of growth rather than litter moisture, along with
different slatted floor designs.

This study has demonstrated that different floor designs
(fully slatted, fully littered, and their combinations) used in
broiler production have a determining effect on age- and
daytime-related behavioural patterns, as well as various
welfare parameters. It was determined that as age advances
and body weight increases, chickens generally tend toward
passive behaviours; in particular, partially slatted floor
combinations were found to restrict the comfort behaviours
of birds at later ages. The fact that increased body weight
positively correlated with many of the examined body
defects—except footpad dermatitis (FPD)—and that
deformations emerged despite no significant differences in
litter moisture among treatments, indicates that these
welfare issues are directly related to growth pressure and
floor mechanics rather than solely to litter conditions. In
conclusion, to mitigate the physical challenges and defects
caused by increasing body weight in fast-growing broilers,
it is of critical importance to utilize optimal floor designs
that support the animals' natural behavioural requirements
during the final stages of their rearing period.
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