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Dark brooders are often suggested as enrichment for broiler chickens because they promote natural motivated
behaviors compared to conventional barren environments in broiler production. Although the use of brooders is
thought to convey benefits for animal welfare, it is not well described how they might affect parameters related
to production and health. The objective of this study was to investigate if providing dark brooders affects pro-
duction, health, behavior, and welfare compared to a control group without dark brooders. Six pens of each
treatment were used, keeping 60 mixed-sex chickens (Ross 308) per pen for a full rearing period of 35 days. Data
on growth, mortality, gait score, litter quality, infectious bronchitis virus (IBV)-specific antibody titers, and
fearfulness were collected. There were no differences in BW at day 35 (brooders: 2857.3 + 40.8 g, control:
2831.9 + 39.6 g, p = 0.55) or feed conversion ratio (FCR) (brooders: 1.44, control: 1.45, P = 0.87). Nor were
there any differences in mortality, gait score, or litter quality (P > 0.05). However, birds reared with brooders
showed lower IBV titers compared to the control at 15 days after vaccination (P = 0.0448), although there were
no other differences between treatments at 0, 22, or 29 days after vaccination. Chickens reared with dark
brooders were less fearful as shown by shorter latency to first head movement in the tonic immobility test
(brooders: 197.2 + 15.9 s, control: 307.6 + 17.9 s, P = 0.0002), shorter latency to turn itself around in tonic
immobility test (brooders: 234 + 19.7 s, control: 351 + 29.5 s, P = 0.0012), more chickens near the object in the
novel object test (brooders: 2.6 + 0.25 birds, control: 1.5 + 0.16 birds, P < 0.0001), and more chickens near the
observer in the adapted touch test (brooders: 9.8 + 0.28 birds, control: 4.8 + 0.28 birds, P < 0.0001). The results
of this study indicate that the use of dark brooders does not affect production or health of broiler chickens,
however, birds with brooders were less fearful. Fear is a negative emotion and thus reducing fear should increase
bird welfare. Therefore, dark brooders may be a useful tool to increase broiler welfare without negatively
affecting production or health.

Introduction

Broiler chickens are generally raised in large flocks in a barren
environment consisting of feeders, drinkers and with litter on the floor.
This, together with the broilers’ rapid growth, raises various welfare
concerns, such as health and locomotory problems and behavioral re-
strictions (EFSA, 2023). To increase broiler welfare, environmental
enrichment can be used to satisfy behavioral needs or improve specific
welfare aspects. For example, environmental complexity could increase
the level of activity of the broiler chickens which could result in better

leg health but also satisfy behavioral needs (reviewed in Riber et al.,
2018). A type of environmental enrichment that has rarely been studied
regarding behavior and welfare of broiler chickens is dark brooder use.
Such dark brooders provide warmth and darkness and add structure to
the birds’ environment. These additions serve as valuable enrichment
items because they simulate natural comfort or predator avoidance be-
haviours performed in the wild such as seeking shelter under the mother
hen or hiding in vegetation (Mench, 2017). Dark brooders have previ-
ously been shown to reduce feather pecking (Gilani et al., 2012; Riber &
Guzmadn, 2017) and fearfulness in layers. However, one study by Stadig
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et al. (2018) found no differences in fearfulness in slow-growing broilers
raised with or without brooders. Another behavior affected by dark
brooders is resting, where Forslind et al. (2022) found that the resting
quality increased due to a reduction in disturbances in broilers reared
with dark brooders, even after the removal of the brooders at 21 days
old.

To further investigate the effects and feasibility of using dark
brooders as environmental enrichment for broilers, the present experi-
ment not only focused on some relevant welfare parameters but also on
parameters that are essential for the profitability of broiler production
like growth, feed conversion, and health. When dark brooders are used
as a heating source, the ambient temperature of the barn is typically
reduced to 20-24°C, while the temperature under the brooders follows
the temperature program normally used for whole-house heating, i.e.,
starting at 33-34°C at chick placement, with a gradual reduction to 20°C
around three to four weeks of age. If the broilers do not use the brooders
as expected, this method of heat supply will risk the chickens experi-
encing cold stress, which in turn can affect broiler health, growth and
immune responses (Lara & Rostagno, 2013; Olfati et al., 2018). Changes
in the environment that induce behavioral alterations may also involve
the immune system (reviewed in Hofmann et al., 2020) As dark brooders
improve the quality of rest (Forslind et al., 2022), it is likely that they
also affect sleep. In mammals, it has been shown that sleep is important
for optimal immune function, reducing the susceptibility to infection as
well as increasing antibody responses to vaccination (Schmitz et al.,
2022). Young birds have a great need for rest (Malleau et al., 2007) and
good quality of rest is important for welfare (e.g., immune system,
Schmitz et al. 2022).

The aim of the present study was to investigate if access to dark
brooders affected broiler production, welfare, and capacity to mount
specific antibody production in response to vaccination. We hypothe-
sized that broilers kept in an environment with brooders would have
better welfare, in terms of improved clinical animal-based welfare
measures, improved immune response, and reduced fearfulness, and
show similar or better production performance.

Materials and methods
Animals and housing

The study was approved by the Animal Research Ethics Committee in
Uppsala, Sweden (Dnr 5.8.18-17765 2018). The experiment was con-
ducted at Lovsta Research Center, Swedish University of Agricultural
Sciences, Uppsala, Sweden. In the building, one room was divided by a
movable wall into two identical sections (6 m x 30 m), each section
contained six pens (12 pens in total) of 2 m x 3.5 m (7 m?). The pens
were separated by 60 cm high wired fences and the floor was covered
with a 4 cm layer of wood shavings.

Mixed-sex Ross 308 broilers were picked up as day-old from a
commercial hatchery (Swehatch AB, Vaderstad, SWE) and driven by car
to the research facilities. Mothers of the chicks were vaccinated ac-
cording to the company standard protocol that among other immuni-
zations included three vaccinations against infectious bronchitis virus
(IBV) at 4, 8 and 16 weeks of age. Upon arrival, the chicks were
randomly allocated into 12 pens. In one section, the ambient tempera-
ture was kept according to commercial practices with a starting tem-
perature of 34 °C and gradually decreased to reach 20 °C at 21 days old
and this temperature was maintained until the end of the growing
period. The other section kept an ambient temperature of 20 °C
throughout the whole growing period and in each of these pens three
dark brooders (20 chicks/brooder, 40 cm x 60 cm, vidaXL, Netherlands)
were provided with a starting temperature of 34 °C measured on the
floor under the brooder. The temperature of the dark brooders was
gradually decreased to reach 20 °C at 21 days old and the dark brooders
were then removed from the pens. The stocking density was kept at an
expected 20 kg/m? at slaughter, which resulted in 60 chicks per pen.
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This density corresponds to the requirements for organic broiler pro-
duction in Sweden (Statens jordbruksverksforfattningssamling, 2019).
Water was provided ad libitum by nipple drinkers (10 broilers/nipple)
and feed was provided in round feeders (2 cm feeder space per bird).
Birds were fed a commercial grower diet, with an estimated energy
content at 12.6 MJ per kg feed and a crude protein content of 198 g/kg,
ad libitum (feed company Lantmannen, SWE). At one day of age, the
light schedule was programmed for 24L:0D. The dark period was grad-
ually increased to 6 h at 6 days old (18L:6D) and maintained until the
end of the experiment (the light was on 04:30-22:30). The light intensity
was 27 lux at bird level and 0-2 lux under the brooders. The study ended
at 35 days old.

Treatments

Two treatments were included in this study, dark brooders (Fig. 1A)
and control without brooders (Fig. 1B). A brooder is a horizontal panel,
held up by four plastic legs with adjustable height, with an electrical
heating source giving heat under the panel (Fig. 2). In the treatment
with brooders, each pen had three dark brooders (40 cm x 60 cm) with
the sides of the brooders covered with flaps of tarp to make the area
under the brooders dark. The brooders were removed at 21 days old,
when it was no longer possible for all the chicks to fit simultaneously
under the brooders and the heat provided was no longer necessary.

Data collection

Ten chicks per pen were individually marked using color spray and
then weighed at a weekly basis, to monitor growth of the birds. Weight
gain was calculated as the final body weight (35 days) minus the initial
weight. The amount of feed provided to each pen was automatically
measured through the feeding system, and the remaining amount in
each pen was weighed manually every week. Data on mortality and culls
were collected during the experiment. Feed intake was calculated per
pen and adjusted according to mortality on a weekly basis. Feed con-
version ratio (FCR) was calculated at the end of the study, 35 days old,

Fig. 1. Photo of experimental pet set-up for the brooder (A) and control
(B) treatments.
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Fig. 2. Photo of the dark brooders used in the brooder treatment.

by dividing feed consumption by weight gain of the chickens.

All chicks received a commercial live vaccine against IBV (Nobilis®
IB Ma5 vet, MSD Animal Health) at 7 days old. The vaccine was deliv-
ered in the drinking water according to the manufacturer’s instructions.
Ten individually identified chickens per pen were monitored for anti-
bodies to IBV in serum during the experiment. Blood samples were
collected from the jugular vein at 7 days old, prior to vaccination, and
subsequently at 22, 29 and 36 days old. Blood was collected into test
tubes without additive, stored at room temperature overnight, centri-
fuged and sera were collected and stored at -20°C until analysis. The
levels of antibodies to IBV in sera were quantified by a commercial
ELISA-test (IDEXX IBV Ab Test) performed according to the manufac-
turer’s instructions.

A tonic immobility test was done at 24 days old to test for fear re-
sponses (Bertin et al., 2008; Forkman et al., 2007) where a longer
duration spent in tonic immobility indicates increased fearfulness
(Jones, 1986). Five individuals per pen, that had not previously been
handled or tested in any other individual-level test, were chosen
randomly and were tested one at a time. A cradle was made of cardboard
and placed on a table in a separate room in the building to avoid dis-
turbances. The test was performed by the same observer for all birds. A
bird was picked up and turned on its back when carefully placed in the
cradle. The bird was gently touched on the belly with one hand and the
head was covered with the other hand for 10 s. If the bird stayed on the
back for at least five seconds, tonic immobility was considered induced
whereas it otherwise was redone for a maximum of three times. The
number of attempts needed to induce tonic immobility. The duration
until the bird moved its head as well as the duration until the bird turned
around were noted. If the bird had not yet turned around after 10 min a
gentle nudge on the side made it turn around and the trial ended. A
maximum duration of 10 min was then noted.

A novel object test was done at 10 and 32 days old to test for fear and
explorative responses in a group setting (Forkman et al., 2007). A
camera (GoPro Hero 7 White, GoPro, United States) was placed at one
side of the pen giving a view of the whole pen. A novel object (colorful
rope with knots or a small silicone cow) was placed in the pen, between
the feeders. As the pens were not visually separated and therefore a risk
that some chicks from the adjacent pen would see the object placed half
of the pens within each treatment got the rope and half got the cow at
the first test, changing to the other object at the second test to have the
chicks encounter a novel object. The observer left the room and recorded
the pen for 10 min. The number of individuals within three bird lengths
from the object were noted every 60 s for 10 min.

Using the WelfareQuality protocol (WelfareQuality®, 2009), five
different measures were taken near the end of the experiment. The touch
test was adapted from the WelfareQuality protocol and was done at 35
days old to assess fear response. An observer walked slowly through the
pen, approached a group of chickens and stopped at a bird length from
where the closest bird was at the start of the approach. This was repeated
in four trials at different positions in each pen. At every stop, the
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observer squatted for 10 s and then counted the number of birds within
an arm’s length. In the WelfareQuality protocol, this test also includes
counting the number of birds that could actually be touched. However,
this additional recording was not done in this study.

Data on walking abilities were collected at 35 days old using the gait
score assessment described in the WelfareQuality protocol where 0 =
Normal, dextrous and agile, 1 = Slight abnormality, but difficult to
define, 2 = Definite and identifiable abnormality, 3 = Obvious abnor-
mality, affects ability to move, 4 = Severe abnormality, only takes a few
steps, 5 = Incapable of walking (WelfareQuality®, 2009). Using an
L-shaped wire mesh wall (LxH: 1.5 x 0.6 m + 0.5 x 0.6m) 20 birds from
each pen were captured in a corner of the pen. Thereafter, one by one,
the birds were allowed to walk back to the group in the pen and the gait
score were given while doing so. The 20 birds gathered in the corner of
each pen for assessing walking ability were also checked for hock burns
and footpad dermatitis after the gait assessment. For both measures, in
contrast to the WelfareQuality protocol, only presence/absence was
noted.

Litter quality was assessed weekly in five areas in each pen: near feed
and water, under the brooders, near walls and in open areas. In contrast
to the Welfare Quality protocol, hands were used instead of the boots,
but the same scoring system was used, from very wet (4) to dry (0). With
one hand, the litter was squeezed between the fingers. If the litter ended
up in a dense ball it was considered very wet and score 4, if the litter
formed a ball that was not dense or falling apart it got score 3, if the litter
formed a ball but fell apart it got score 2, if the litter did not form a ball
but were dense to pick up it scored 1 and if the litter were easy to pick up
and would just fall apart through the fingers it was considered dry and
scored 0.

Statistical analysis

Statistical analyses were performed using SAS (SAS Institute Inc.,
Cary, NC, USA). The alpha level of significance used in this study was
0.05.

Bodyweight

A mixed model was used to compare the body weight of the birds in
the two treatments which included the fixed effects treatment (control
vs. brooder), age (1, 7, 21, 28, 35 days old), as well as the random effect
of pen. The interaction between treatment and age was initially included
in the model but was removed due to non-significance. A repeated
statement was also included to account for the repeated measurements
on the same birds at each age. A lognormal distribution was used due to
the non-normal distribution of model residuals with a gaussian distri-
bution. The replicate unit for this model was the individual bird. Results
are presented as back transformed least-square means (LSmeans) +
SEM.

IBV Titers

A mixed model was used to compare the IBV titer results including
the fixed effects of treatment (control vs. brooder), days post-
vaccination (0, 15, 22, 29 d), and their interaction. A repeated state-
ment to account for the measurement of the same individuals at each age
was also included. Due to the non-normality of the linear model re-
siduals, IBV titers were log transformed prior to analysis. The replicate
unit for this model was the individual bird. Results are presented as
LSmeans + SEM.

Tonic immobility — turning around

To examine the effect of treatment on turning around during the
tonic immobility test, a mixed model was used including the fixed effect
of treatment (control vs. brooder) and the random effect of pen. Due to
the non-normality of the linear model residuals, a lognormal distribu-
tion was used. The replicate unit for this model was the individual bird.
Results are presented as back transformed LSmeans + SEM.
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Novel object test

To examine the effect of treatment on the outcome of the novel object
test, a mixed model was constructed including the fixed effects of
treatment (control vs. brooder), age (10 vs. 32 days old), and object
(rope vs. cow) used during the test. The interaction between treatment
and age was initially included in the model but was removed due to non-
significance. The random effect of pen was also included. Due to the
nature of the data (counts) and the mean being similar to the variance, a
Poisson distribution was chosen for this model. The replicate unit for
this model was the individual bird.Results are presented as back trans-
formed LSmeans + SEM.

Adapted touch test

To examine the effect of treatment on the outcome of the touch test, a
mixed model was used including the fixed effects of treatment (control
vs. brooder) and trial (1-5) and the random effect of pen. A gaussian
distribution was used due to the normal distribution of the residuals
based on the Shapiro Wilk statistic. The replicate unit for this model was
the individual bird. Results are presented as LSmeans + SEM.

Other

For the variables feed intake, FCR, mortality, culls, gait score, litter
quality and tonic immobility head movements and number of in-
ductions, a Kruskal-Wallis test was conducted as there was insufficient
data or data variability for more complex models and a non-normal
distribution of linear model residuals as determined by the Shapiro-
Wilk statistic. In these tests, the fixed effect of treatment was tested,
and results are presented as descriptive (raw arithmetic) means +
standard deviation.

Results
Bodyweight and feed intake

There was no effect of treatment on body weight (Fq 569 = 0.36, P =
0.5489). As expected, there was a significant effect of age on body

weight (Fig. 3) with significant increases in bodyweight being observed
at each measurement (F4 569 = 55795.5, P < 0.0001); 39 + 0.4 g (day 1),
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(¥*(1) = 0.0256, P = 0.8728, Table 1).

Mortality and culls

There was no difference in combined mortality and culls between
treatments (¥*(1) = 0.7491, P = 0.3868). Combined deaths were 27
birds in the brooder treatment (0.75%) and 29 (0.81%) birds in the
control treatment where culls accounted for 12 birds in the brooder
treatment and 10 birds in the control treatment. The majority of
chickens died or were culled during the first week (10 of 56) and last
week (23 of 56). During the last week, 14 chickens were found dead.
Throughout the experiment, there were no birds found dead under the
dark brooders.

Antibodies to IBV

There was a significant interaction between treatment and days post-
vaccination (F3 3266 = 3.73, P = 0.0116). Serum levels of IBV specific
antibodies, measured prior to vaccination at 7 days old and at 15 (22
days old), 22 (29 days old), and 29 days (36 days old) after vaccination,
are shown in Fig. 4. Results show that most chickens in both groups had
maternally derived antibodies to IBV prior to vaccination (98% of birds
in both groups had a titer > 100; 81% and 84% of brooder and control
birds, respectively, had a titer > 300). At 15 days after vaccination (22
days old) serum titers to IBV were significantly decreased compared to
those measured before vaccination for both groups (tsays = 10.73,
Pcontrol < 0.0001; t326.3 =15.13, Pprooder < 0.0001). At 22 days after
vaccination, titer levels were significantly increased from day 15 for
both groups (t326.3 = -4.50, Pcontrol = 0.0003; t326.3 = -6.87, Pprooder <
0.0001). There was no difference in IBV titers between 22 and 29 days
post-vaccination for both groups (t3zg.3 = -1.41, Pcontrol = 0.8541; t326.3
= -1.76, Pprooder = 0.6461). The only difference between treatments at

Table 1
Feed intake (g) and FCR of broiler chickens (Ross 308) provided with dark
brooders or not at 35 days old (mean + SD).

Variable Brooder Control P-value
212 + 2.1 g (day 7), 1261 + 12.8 g (day 21), 2018 + 20.6 g (day 28), -
. . . Feed intake (g) 4053.5 +12.1 4042.7 £ 13.9 0.5489
2828 + 28.9 g (day 35). There was no difference in feed intake at 35 FCR 1.44 + 0.04 1.45 + 0.03 0.8728
days old (y*(1) = 2.08, P = 0.1488) or in FCR between the treatments
B Control mBrooder
3500
3000
o 2500
—
= 2000
20
4
£. 1500
-E-
S
A 1000
500
N — ]
1 7 21 28 35
Age (d)

Fig. 3. Bodyweight of broiler chickens (Ross 308) with (blue) and without (purple) access to dark brooders over the experimental period (0-35 d). Data is presented
as backtransformed LSmeans + SEM from the interaction between treatment and age for illustrative purposes, although the interaction was statistically nonsig-
nificant (P = 0.6899). Across treatments, bodyweight increased significantly with age at each measurement interval (P<0.0001). The effect of treatment was not

significant (P=0.5489).
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Fig. 4. Serum titers to infectious bronchitis virus (IBV) collected on the indicated days old from broiler chickens (Ross 308) with access to dark brooders (blue
circles) or chickens without brooder access (purple squares). All chickens were vaccinated with a live IBV vaccine at 7 days old (arrow). Values are log-transformed
LSmeans + SEM. There was a significant interaction between treatment and age (P=0.0116).

the same sampling point was at 15 days post-vaccination when titers to
IBV were lower in the group with brooders compared to the control
(t419.5 = -3.09, P = 0.0448).

Gait score

The proportion of birds in the different gait score categories is shown
in Table 2. No birds displayed a gait score worse than 2 (definite and
identifiable abnormality) in either treatment. The assessment of walking
ability at 35 days old showed a tendency of a better gait score (lower =
better) in the brooder treatment (brooders: 0.42 + 0.05, control: 0.59 +
0.06; ¥*(1) = 3.8268, P = 0.0504).

Litter quality, hock burns, and footpad dermatitis

No difference was found in litter quality between different treat-
ments (brooders: 0.20 4 0.07, control: 0.23 + 0.08; ¥*(1) = 0.0966, P =
0.7560). Litter quality was good throughout the experiment. No hock
burns were found in any of the treatment. Occurrences of footpad
dermatitis were found in only three birds (two in the control treatment
and one in the treatment with brooders).

Tonic immobility

There was a difference between the treatments for the latency to turn
around in the tonic immobility test (F1,40=12.14, P = 0.0012). Birds in
the control group had a duration of 351 + 29.5 s whereas birds in the

Table 2

Distribution of gait scores using the WelfareQuality protocol (higher score =
worse) for broiler chickens (Ross 308) with (brooder) and without (control) dark
brooders where score 0 indicates normal, dextrous and agile, 1 indicates slight
abnormality, but difficult to define, and 2 indicates definite and identifiable
abnormality. No scores greater than 2 were observed in this experiment. There
was a tendency for birds in the brooder treatment to have a better (lower) gait
score at 35 d (P = 0.0504).

Score Control Brooder
0 60 (60%) 72 (50%)
1 49 (38%) 46 (41%)
2 11 (2%) 2 (9%)

brooder group had a significantly shorter duration of 234 + 19.7 s.

A longer duration of tonic immobility until first head movement was
also shown in the control group compared to the group with brooders
(brooders: 197.2 + 15.9 s, control: 307.6 + 17.9 s, y*(1) = 13.52, P =
0.0002). The number of attempts needed to induce tonic immobility did
not differ between the treatments (brooders: 1.1 + 0.06, control: 1.2 +
0.08, y*(1) = 1.4651, P = 0.2261).

Novel object test

There was no effect of age (F1,225 = 0.18, p = 0.6700) or object
(F1,225 = 0.02, P = 0.8894) on performance in the novel object test.
However, there was a significant difference between treatments in the
performance in the novel object test (F1,225 = 40.49, P < 0.0001). More
chickens in the brooder treatment were within 3 bird lengths of the
object (2.6 £+ 0.25 birds) compared to the control group (1.5 + 0.16
birds).

Adapted touch test

There was no effect of the trial number on the outcome of the
adapted touch test (F1,33 = 0.70, P = 0.5587), but there was a differ-
ence between treatments (F1,33 = 153.59, P < 0.0001). More birds in
the brooder treatment were within an arm’s length of the observer (9.8
=+ 0.28 birds) compared to the control group (4.8 + 0.28 birds).

Discussion

This study shows positive effects of the use of dark brooders as an
environmental enrichment to improve welfare. Chickens reared with
brooders were less fearful than chickens reared without brooders in all
three performed fear tests. This is in line with previous results showing
that environmental enrichment provides animals the opportunity to
regulate their environment and thus be less fearful (Jones & Wadding-
ton, 1992). Stadig et al. (2018) found no differences in fear between
broilers reared with or without dark brooders but in that study slow
growing broilers (SASSO) were used. Possibly, slow growing birds are
generally less fearful (Abdourhamane & Petek, 2024), reducing the ef-
fect of brooders. Another possible explanation for the lack of effects on
fearfulness may be that Stadig et al. (2018) did a tonic immobility test
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but only ran it for a maximum of 300 s per bird compared to our 600 s.
As our mean duration was more than 300 s for birds reared without
brooders, this could explain the difference in outcome.

Since the chickens in both treatments gained weight at equal rates,
and the FCR did not differ between treatments, the lower ambient
temperature did not cause a higher feed consumption. This suggests that
the low ambient temperature in the treatment with brooders was
probably compensated by the heat from the brooders and did not affect
the birds negatively. The flocks of both treatments grew faster than the
performance objectives by Aviagen (2019) and had a slightly better FCR.
Both the fast growth and the lower FCR could relate to the low stocking
density used in our study as lower stocking densities have been seen to
have a positive effect on the FCR in broilers (Abudabos et al., 2013).
Also, at Lovsta research facility there are often long periods of empty
holding between flocks, reducing the pressure from pathogens compared
to commercial practice.

Antibody responses to vaccination did not differ between treatments,
except at 15 days post-vaccination when chickens in the brooder treat-
ment had lower IBV titers compared to the group without brooders. Most
chickens had prominent titers of maternally derived antibodies to IBV
persisting at one week of age. Therefore, the contribution of vaccination
induced IBV antibodies at day 15 after vaccination, i.e. 22 days old, were
difficult to evaluate. However, from 21 days after vaccination it was
clear that chickens in both groups had mounted IBV-specific antibody
responses. Considering the similar vaccine induced responses at the
latter time points it seems likely that the lower IBV titers observed in
chickens reared with brooders at 15 days after vaccination were due to a
lower contribution of maternal antibodies at that time. It is possible that
this difference was due to increased activity of the birds in the brooder
treatment which increases metabolism and consequently the turnover of
proteins such as maternally derived serum antibodies. The vaccine
induced responses indicated that access to dark brooders did not affect
the capacity to mount specific antibodies and thus does not entail spe-
cific health risks (Hofmann et al., 2020). Similar antibody responses to
the vaccine in both the control and brooder groups may also imply no
differences in stress levels in the chickens, or that this trait was not
suitable to detect minor differences in stress level. Stress status needs to
be kept low in the flocks to have an appropriate immune response, which
is important for welfare, health and production (Hofmann et al., 2020).

A very low prevalence of walking difficulties was found. Walking
difficulties mainly occur in the later stage of the rearing period. This
study ended when the birds were 35 days old, which is the standard
length of the production period in Sweden, and this might be a reason for
the low prevalence of walking difficulties compared to other studies
where birds were kept until a later age (Wilhelmsson et al., 2019;
Yngvesson et al., 2017). Walking difficulties become more common with
increasing age (Henriksen et al., 2016; Rasmussen et al., 2022). How-
ever, walking difficulties are also related to body weight, and the body
weight of the birds at the end of our study, at day 35, was comparable to
that in other studies, where much higher incidences of walking diffi-
culties were registered (Kaukonen et al., 2017). Heavier birds of the
same age also show more leg problems (Fernandes et al., 2012).
Possibly, the lower stocking density used in this study could have been a
reason for the low incidence of walking difficulties (Tahamtani et al.,
2020). The birds had more space to move undisturbed and a higher
activity has been shown to reduce leg problems (reviewed in Bessei,
2006; Riber et al., 2018).

No hock burns and only three instances of footpad dermatitis were
seen in this study which is likely related to the good quality of the litter
in this study. Contact dermatitis can be linked to the quality of the litter,
where wet litter may induce contact dermatitis (De Jong et al., 2014;
Meluzzi et al., 2008). The prevalence of footpad dermatitis is considered
an important welfare indicator (Meluzzi & Sirri, 2009), and the litter
quality is considered a key to ensure welfare (Meluzzi et al., 2008). A
common concern with the use of dark brooders is the idea that a high
number of birds congregating under dark brooders for extended periods
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of time could lead to poor litter quality (and consequently reduced
footpad health). However, this was not the case in this experiment
where the provision of dark brooders during rearing did not adversely
affect litter quality or footpad health. The low prevalence of health
problems does not match the high mortality during the experiment. The
majority of the mortality consisted of birds found dead, especially dur-
ing the last week. There was no apparent reason for the deaths which
might suggest the occurrence of sudden death syndrome or ascites.
However, no post-mortem examinations were done to determine the
cause(s) of death, so it is not possible to say with certainty.

To increase the likelihood of being applied in practice, the costs of
measures to improve bird welfare should be compensated for by an
improvement of production parameters, reduction of other costs, or a
higher market price. The scale of the current experiment does not allow
conclusions on farm scale application of brooders but the data support
earlier results (Sirovnik & Riber, 2022) indicating that giving access to
dark brooders can improve animal welfare without negative effects on
production. Also, in layers the dark brooders reduce injurious feather
pecking, reduce mortality and increase the total egg production
(reviewed in Sirovnik & Riber 2022). Based on the present results, the
cost of the brooders (and the related improved welfare) is not
compensated by better production. Possibly a higher market price can be
realized based on improved welfare. Moreover, in some situations, it is
possible that brooder use may save heating costs, but this is highly
dependent on barn efficiency and alternative supplemental heating
methods available (i.e., burning straw).

Conclusion

In agreement with our hypothesis, we found positive effects on the
affective state of the broilers, as they were less fearful. The clinical
welfare measures, mortality, antibody responses and FCR were not
affected by using dark brooders. As the low ambient temperature in
combination with heated brooders did not affect the FCR or health pa-
rameters, the use of brooders could decrease the cost for heating while
not affecting production. The improved welfare may result in a mar-
keting advantage. Using dark brooders in broiler rearing has positive
effects while not showing any negative effects on the broilers. Practical
application and economic evaluation must be carried out on a larger
scale.
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