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Rest and sleep are important for the welfare of mammals and birds. A large part of the daily time budget of broiler chickens is taken up by resting behavior and the quality of resting is important. However, in intensive broiler production systems, disruptions of resting behaviors are common. These disruptions of resting behavior could be negative for the health and growth of the birds. This study investigated if artificial brooders that provide a delimited and darker resting place, away from active birds, reduce disruptions of resting behavior compared to a control situation without artificial brooders. Six pens of each treatment were used in the same building, keeping 60 chickens (Ross 308) per pen. The artificial brooders were removed at 21 days of age. Data on disturbances and duration of resting bouts and activity between resting bouts were collected on 20 and 34 days of age. Also, as an indicator of the quality of rest, the animals' cognitive performance was evaluated in a spatial learning test that was performed at 11 days of age. The results showed that birds housed in pens with access to brooders have longer resting bouts (260.7 ± 5.2 vs. 132.8 ± 5.3s, p < 0.001) and are less likely to be disturbed during resting by other individuals (0.15 vs. 0.48, p < 0.001). The effect of the artificial brooders on both the duration of resting bouts and the proportion of disturbances remained after the removal of the brooders at 21 days of age. The duration of activity between resting bouts was shorter if the resting bout was ended by a disturbance (9.98 ± 1.0 vs. 61.0 ± 2.4s, p < 0.001). Birds reared with brooders were more likely to solve the spatial learning task (0.5 vs. 0.27, p < 0.01), but those succeeding were not faster at solving it. Broilers may be exposed to disrupted rest due to the lack of a dedicated resting place separated from areas with high activity. Using artificial brooders reduces disturbances but does not eliminate them. Therefore, additional changes to the housing conditions or management will be needed to prevent disturbances.
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Introduction

Rest and sleep are vital for the welfare of mammals and birds but are rarely considered in broiler production systems. Rest can be defined as a period of inactivity without any maintenance behaviors occurring, whereas sleep is a specific state of inactivity with altered consciousness and reduced responsiveness (1). Sleep cannot be distinguished from rest if only using behavioral measurements. Instead, an electroencephalogram (EEG) measuring brain activity is needed. Suggested functions of sleep include tissue restoration and growth, energy conservation, neurobehavioral and neurocognitive performance, memory processing, learning, and waste clearance of the brain (1–3). A certain duration of undisturbed sleep is needed to acquire both deep sleep and Rapid Eye Movement (REM) sleep, which together serves the vital function of sleep (3). In addition to being a welfare problem, disturbance of sleep may also affect productivity in farm animals (e.g., less growth, increased sickness, and possibly death) and thus profitability (3, 4).

Under natural conditions, a mother hen would influence the chicks' behavior to have regular resting periods throughout the day. Periodic brooding of the hen induces regular resting periods (5), but it also provides a heated dark area to rest under. The darkness provided by the mother hen, as well as the natural daily rhythm of brooding (6), differ a lot from the light/dark schedules used in broiler production systems which often consist of a long continuous light period with one dark period (1–6 h) each day. Schwean-Lardner et al. (7) showed that the duration of dark periods in poultry production systems is an important factor affecting rest. Specifically, longer periods of darkness decrease the duration of resting periods during light hours. Disturbances occur to a higher extent during the light phase than during the dark period (8) for which reason it may be expected that having dark periods during the day could possibly reduce the prevalence of disturbances. Using artificial brooders, that provide a dark and warm shelter to rest under, could attract chickens and motivate them to rest even during the day.

Apart from the lighting schedule, rest and sleep may also be affected by the design of the housing. Open areas have previously been shown to be avoided by chickens and instead, chickens gather along walls to rest when kept in a barren environment (9). The provision of functional areas for active behaviors such as eating, drinking, and dustbathing that are structurally separated from areas for resting may support undisturbed resting. A possibility to achieve this is the provision of elevated resting places. Chickens have an innate motivation to rest in elevated places, such as branches, but broiler chickens rarely use perches (10) probably due to their heavy body weight. Another elevated structure used for broilers is platforms, which are seen to be used from an early age, at least from 6 days of age (11). However, although elevated platforms reduce disturbances of rest in broilers to some extent they are not the ultimate solution to prevent disturbances as disturbances still occur (8). Here, we focus on artificial brooders as a measure to reduce the risk of active birds disturbing resting birds.

Artificial brooders have previously been used to separate active chicks from resting chicks, with the aim of reducing feather pecking in layer pullets and hens (12, 13). Riber (14) argued that artificial brooders may improve behavioral synchronization, specifically for inactive behaviors. Sleep in birds is associated with species-specific behaviors and may be triggered by specific environmental releasers or innate behaviors (15). For broiler chickens, a broody hen can be such a trigger as the chicks seek shelter under the hen for resting. This does not differ from layer chicks, but older domestic fowl rest in elevated places. Thus, an artificial brooder could possibly work as a replacement for a broody hen, allowing sleep patterns that are more like natural sleep patterns for chickens.

A barren environment, high stocking densities, and large flocks are commonly used in broiler production and can result in disturbances of rest and sleep. Disrupted sleep could lead to sleep fragmentation, which may lead to changes in cognitive function, including poor memory and difficulties in concentration (16, 17). Tartar et al. (18) show that rats learned the location of a platform in a water maze, but for rats having fragmented sleep the distance of swimming was longer indicating poorer memory indicating that sleep fragmentation negatively impacts spatial learning. Therefore, a spatial learning task may be a good indicator of sleep fragmentation, although never previously investigated in chickens.

In the present study, the aim was to investigate how resting behavior, including disturbances of rest, in fast-growing broilers, is affected by providing artificial brooders. We hypothesized that artificial brooders will improve broilers' quality of rest and that this would result in better performance in a spatial learning task. We expected that the frequency of disturbances would increase with the bird's age as they take up more space, resulting in conditions that are more crowded.



Materials and methods


Animals and housing

This experiment was conducted at Lövsta 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 × 30 m) which were each equipped with six pens (12 pens in total) of 2 m × 3.5 m (7 m2; Figure 1). The pens were separated by 60 cm high wired fences and the floor was covered with a 4 cm layer of wood shavings.


[image: Figure 1]
FIGURE 1
 Layout of the poultry barn housing the experimental pens. Pens marked C are the control groups and those marked AB are the groups with artificial brooders.


A total of 720 Mixed-sex Ross 308 broilers were picked up as day-old from a commercial hatchery (Swehatch AB, Väderstad, SWE) and transported by car to the research facilities. Upon arrival, the chicks were randomly allocated into the pens, resulting in 60 chicks per pen. In one section, the ambient temperature was kept according to commercial practices with a starting temperature of 34°C and gradually decreased to reach 20°C at 21 days and to the end of the growing period. The other section kept an ambient temperature of 20°C throughout the entire growing period and in each of these pens, three artificial brooders (40 cm × 60 cm, vidaXL) were provided with a starting temperature of 34°C measured on the floor. The temperature of the artificial brooders was gradually decreased to reach 28°C at 21 days of age and the artificial brooders were then removed from the pens. The stocking density was kept at an expected 20 kg/m2 at slaughter age to give room for different resting place opportunities. 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 recommended commercial grower diet ad libitum (feed company Lantmännen, SWE). At 1 day of age, the light schedule was programmed for 24L: 0D. Subsequently, the dark period was gradually increased to 6h on day 6 of age (18L: 6D) and maintained until the end of the experiment (the light was on 04:30–22:30). No daylight was provided. The light intensity was 27 lux at the animal level and 0–2 lux under the brooders. The study ended at 35 days of age, when the birds were slaughtered.



Treatments

Two treatments were used in this study, artificial brooders and control without brooders. In the treatment with brooders, each pen had three artificial brooders (40 cm × 60 cm) with the sides of the brooders covered with flaps of the tarp to make the area under the brooders dark (Figure 2). The brooders were removed when they were 21 days when all chicks no longer could fit under them and the heat provided no longer was necessary.
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FIGURE 2
 Artificial brooder with flaps of tarp. The height of the brooders was adjusted during the experiment.




Data collection

Cameras (Sony SNC-CH120) were mounted on the ceiling, facing directly downwards, each camera covering two whole pens but with “dead spots” under the brooders. Small cameras (GoPro Hero 7 White) were used to record under the brooders and were only present during recording (a wire mesh cage for the camera was always present under each brooder). Data on the use of the brooders were collected using scan sampling four times a day on days 6, 13, and 20. Data on resting behavior were collected on days 20 and 34 of age from the video recordings using focal animal sampling. Each pen was observed two times per observation day (days 20 and 34), at morning from 06:00 to 08:00h and in the evening from 20:00 to 22:00h. The videos showed that the pen was divided into nine imaginary squares of equal size. A random number was given for each new observation and an individual in that square was followed. A total of 10 individuals per pen and observation period (morning and evening of days 20 and 34) were observed. In addition, using videos recorded under the brooders, 10 individuals per pen were also followed. Focal animals were chosen once individual birds started to rest (defined as lying with a leg to the side or sitting with the legs under the body while not engaging in any other activities), chosen in a randomized square of the pen (randomization through a given list of numbers between one and nine). The focal animals were followed during a complete resting bout as well as the following activity, defined as all behaviors that do not fit in our definition of rest, until the start of the next resting bout. Chickens that rested under brooders, but left the brooder when becoming active, were followed using the cameras above the pen. The length (in s) of each resting bout and the duration of activity between resting bouts as well as the occurrence of disturbances (defined as physical disturbances by other individuals, causing the focal animal to change position or become active) were registered. In addition, it was registered whether the position of the focal animal in the pen was (1) under the brooder (only in the treatment with brooders), (2) close to a wall, defined as being within one bird length from a wall, or (3) elsewhere in the pen (open areas). One observer collected all data from the videos to avoid the confounding effects of several observers.

A cognitive test was performed to evaluate spatial learning capacity, adapted from the study by Freire et al. (19). At 11 days of age, five birds from each pen (30 per treatment) were randomly chosen. Chicks were carried, in a box with companions, to a separate room and given 10 min to acclimatize, with the companions, to the environment. An 80 cm × 80 cm white box with 60 cm high white panels was used as an arena (Figure 3). A wire mesh cage of 15 cm × 15 cm was placed in one corner, where two companion birds were placed and provided with feed and dried mealworms. The companions came from the same pen as the bird to be tested and were not used for testing themselves. In the corner diagonally from the cage with companion birds, a three-sided cage was placed 10 cm from the wall. The cage had two sides of cardboard and one wire mesh side facing the other cage, the back was open to allow the chick to leave the cage and get closer to the companions. The distance between the cages was 70 cm. The test started when a chick was placed in the starting cage and ended when the chick was one bird length from the companion cage or after a maximum of 10 min if the chick was unsuccessful to reach the companions. The test was recorded using GoPro Hero 7 cameras to avoid human interference and videos were later analyzed. The latency for the chick to leave the starting cage (passing one of the cardboard edges) and the latency to reach one bird length of the cage of the companion birds were noted. A shorter latency implies a better understanding of the spatial environment. One observer conducted the experiment and collected all data from the videos to avoid the confounding effects of several observers.


[image: Figure 3]
FIGURE 3
 Spatial learning arena. A companion cage with two companions were put in one corner. The starting box in the corner diagonally had wire mesh toward the companions and two openings behind the chick's starting position.




Statistical analysis

Statistical analyses were performed using R (R version 4.1.3, 20). The significance level used in the study was 0.05.

An ANOVA test was used to compare the durations of resting bouts and activity between resting bouts between the treatment groups. The explanatory factors used in this model were treatment, position in the pen, age, and period of the day and the random factor used was the pen. The interactions between the explanatory factors were also included in the initial model, but they were removed when not statistically significant. After a logarithmic transformation of the duration data, the data adhered to normal distribution and homogeneity of variances. Post hoc comparisons of significant factors were performed using Tukey's HSD test. Results are reported as means ± SE.

A Chi-squared test was used to test the occurrence of disturbances between treatments and positions. As the brooders were removed between the two observation periods, the test was done separately for each age. The explanatory factors used in this model were treatment and position in the pen. Results are reported as means.

A t-test was used to investigate the effect of disturbances on the durations of resting bouts and activity between resting bouts. All original data from both treatments, age, and period of day were used. After a logarithmic transformation of the duration data, the data adhered to normal distribution and homogeneity of variances. Results are reported as means ± SE.

A Chi-squared test was used to test the proportion of birds solving the spatial learning task between treatments. Thereafter, a Kruskal–Wallis test was used to test for latencies between treatments. Data did not adhere to normal distribution. Results are reported as means.



Ethical statement

The study was approved by the Animal Research Ethics Committee in Uppsala (Dnr 5.8.18-17765 2018).




Results


Usage of brooders

Chicks reared with brooders were seen under the brooders at all ages (Table 1).


TABLE 1 Proportion of chicks being under the brooders during observation four times a day at ages 6, 13 and 20.
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Duration of resting bouts

There were no significant interactions between the explanatory factors treatment, age or period of the day for duration of resting bouts. A treatment effect was found on the duration of resting bouts (df = 1, F = 375.0, p < 0.001) where the treatment with brooders had longer resting bouts than the control treatment (260.7 ± 5.2s vs. 132.8 ± 5.3s). The position in the pen mattered for duration of resting bouts (df = 2, F = 29.6, p < 0.001). Resting bouts taking place under the artificial brooder (329.4 ± 8.4s) were longer than in open areas (176.5 ± 6.3s, Tukey's test p < 0.001) and near walls (182.7 ± 6.0s, Tukey's test p < 0.001). Duration of resting bouts taking place in open areas did not differ from resting bouts taking place near walls (p = 0.254). The resting bouts were longer in the evening (df = 1, F = 33.5, p < 0.001) than in the morning (Evening vs. Morning: 229.1 ± 6.4s vs. 190.0 ± 6.4s). The resting bouts were longer for older birds (df = 1, F = 5.3, p = 0.02) than younger birds (20 vs. 34 days of age: 202.3 ± 6.4s vs. 216.8 ± 6.5s).



Duration of activity between resting bouts

There were no significant interactions between the explanatory factors treatment, age or period of the day for duration of activity between resting bouts. There was a treatment effect of the duration of activity between resting bouts (df = 1, F = 21.85, p < 0.001) where the treatment with brooders had longer activity than the control treatment (49.2 ± 2.4s vs. 40.0 ± 3.3s). The position in the pen while resting prior to becoming active also affected the duration of activity between resting bouts (df = 2, F = 6.5, p < 0.01) where birds resting in open areas (37.7 ± 2.7s) were active for a shorter duration than birds resting under the artificial brooders (52.2 ± 4.2s, Tukey's test p = 0.013) and near walls (50.0 ± 3.5s, Tukey's test p = 0.006). Duration of activity after resting near walls did not differ from resting under brooders (Tukey's test p = 0.935).



Proportion of resting bouts disturbed

There was a difference in the proportion of disturbances between the treatments both at 20 days of age (df = 1, χ2 = 37.8, p < 0.001) and at 34 days of age (df = 1, χ2 = 12.2, p < 0.001) with a lower proportion of resting bouts being disturbed in the treatment with brooders (0.15 and 0.25 disturbed) than in the control treatment (0.48 and 0.42 disturbed). There were no differences between positions within the treatments. At 20 days of age, the proportion disturbed in the treatment with brooders was 0.08 under the brooder, 0.23 in open areas and 0.13 near walls. At 34 days of age, the proportion disturbed in the treatment with brooders was 0.23 in open areas and 0.27 near walls. In the control treatment, the proportion disturbed in open areas was 0.55 and near walls 0.42 at 20 days of age. At 34 days of age, the proportion of disturbed in open areas was 0.53 and near walls 0.42 in the control treatment.



Influence of disturbances on durations of resting bouts and activity between resting bouts

The analyses of influence of disturbances on length of resting bouts and length of periods of activity between resting bouts were performed on pooled data. Disturbances affected the duration of resting bouts (df = 290, t = 23, p < 0.001) where resting bouts of disturbed birds were shorter (98.4 ± 3.4s) than the resting bouts if no disturbance occurred (257.9 ± 4.7s) (Figure 4).


[image: Figure 4]
FIGURE 4
 Duration of resting bouts (s, min–max + mean ± SE) if the bird was disturbed (yes) or not (no). ***Indicates significance level.


Disturbances also affected the activity between resting bouts (df = 287, t = 25.6, p < 0.001) where the duration of activity was shorter after a disturbance (9.98 ± 1.0s) than the duration of activity when no disturbance had occurred (61.0 ± 2.4s; Figure 5).


[image: Figure 5]
FIGURE 5
 Duration of activity between resting bouts (s, min–max + mean ± SE) if the bird was disturbed (yes) or not (no). ***Indicates significance level.




Spatial learning

The spatial learning task showed a difference between treatments in the proportion of birds successfully solving the task, i.e., leaving the start cage (df = 1, χ2 = 10.2, p < 0.01) where more birds from the treatment with brooders left the start cage (Table 2). No differences between treatments were found in latencies for the birds to leave the start cage (df = 1, Kruskal-Wallis chi-squared = 0.20, p = 0.65) or reach the companion cage (df = 1, Kruskal–Wallis chi-squared = 2.03, p = 0.15), for birds that left the start cage (Table 2).


TABLE 2 Proportion of chickens leaving the start cage in a spatial learning task and latencies (s) to either leave the start cage or reach the companion cage.
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Discussion

This study shows in general that there are frequent physical disturbances causing individual chickens to end resting bouts throughout the day. Disturbances were common in both treatments. Similarly, in a study by Yngvesson et al. (10), 53% of the 45-day old focal birds were disturbed during resting at daytime. Also, Forslind et al. (8) found that a high proportion of resting bouts ended due to the chickens being disturbed by other individuals, both during night and day, again suggesting that physical disturbances are common. Artificial brooders have been suggested to provide a separate resting place where chicks can go to rest, away from active chicks (13). Since the number of disturbances was lower under the brooders compared to the rest of the pen and compared to the control, they seem to some extent to fulfill the suggested hypothesis of being a separate resting place. Similarly, elevated platforms seem to provide a resting place, away from active individuals, as it has been shown that elevated platforms reduce the proportion of disturbances among birds resting on them, when observed at days 20 and 34 (8).

As both treatments had the same conditions after 21 days of age due to the removal of brooders, one could expect to find less differences in the behavior of the chickens at 34 days of age. However, the brooder treatment caused a lower number of disturbances even after the removal of the artificial brooders compared to the control treatment. Also, the duration of resting bouts were longer in the brooder treatment than in the control treatment even after the removal of the brooders. This means that we see a long term effect of using the brooders early in the rearing, which has previously been shown on other behavioral aspects in layers, e.g., reduction of feather pecking and fear (e.g., 21, 22). The mechanisms of the long-term effect seen in resting behavior need to be further studied.

A certain period of undisturbed sleep is necessary to reach specific sleep stages like Rapid Eye Movement (REM) and since poultry also show REM-like sleeping patterns (20), a longer period of undisturbed sleep is likely to be important. In the present study, the resting bouts were longer, both if the birds were disturbed or not, in comparison with the resting bouts observed in Forslind et al. (8) where broilers were kept at a stocking density of 40 kg/m2 with access to elevated platforms or at a stocking density of 34 kg/m2 without access to elevated platforms. There are several differences between the studies, but one major difference is the stocking density. In the present study, the stocking density was kept at 20kg/m2 whereas in Forslind et al. (8), the stocking density was kept as in commercial practice for Danish conditions, i.e. 40 kg/m2 (or 34 kg/m2 for the low-density treatment). The expectation was that with additional space birds can move about with less physical contact, reducing the need for birds to run over each other. Indeed, Dawkins et al. (21) showed that the disturbances increased with stocking densities where differences were found between a stocking density of 30 and 42 kg/m2 or higher. Another reason for choosing a low stocking density was for the birds to all fit under the brooders, until 3 weeks of age. To gain this with a higher stocking density would imply covering more of the pen in brooders, which would reduce the opportunities for chicks to choose a resting place away from the brooders.

To get an impression of the motivation to rest, and thereby of the impact of disturbances, the duration of activity between two resting bouts was observed. When a resting bout was followed by only a short phase of activity, the chicken can be considered to have high motivation to continue resting. In the current study, the average time the chicks spent active was 40–50 s. In a study with elevated platforms, where resting bouts were found to be shorter and the proportion of resting bouts being disturbed to be higher, the activity between resting bouts was very short, around 10–15 s (8). This might be interpreted as that either brooders or the lower stocking density or the combination, gave the chickens a better quality of rest as the motivation to continue resting after becoming active was lower.

During the spatial learning task, twice as many birds with access to artificial brooders were successful in solving the task and leaving the start cage than birds reared without brooders. As our assumption was that birds that sleep better also have better cognitive skills, the lower proportions of disturbances and longer resting bouts within the treatment with brooders could have affected the outcome of the test. That would be supported by Tartar et al. (18) who showed that rats perform better in a water maze if not exposed to fragmented sleep. Also, Johnsson et al. (22) showed that sleep-deprived magpies performed worse in a reversal learning task and had lower motivation to complete the task. Sleep fragmentation could possibly be a reason for the results, as sleep fragmentation affect learning and memory (16), but it is unknown in the current study whether the chicks were experiencing sleep fragmentation. However, there could also be an effect of the occlusion by the brooders in the pen, since birds reared with brooders may have experienced situations where walking around the brooders was needed in order to find companions. Freire et al. (19) saw that chicks reared with the option to walk out of sight from an imprinted mother also performed better in a spatial learning task. The spatial learning task has limitations (e.g., it is only one test, not all individuals from each treatment were tested and it is unknown if the tested individuals from the brooder treatment used the brooders), thus preferably another spatial learning task should be done to confirm the results in future studies.

A main reason for the high frequency of disturbances in both treatments is likely the lack of behavioral synchronization. When resting, chickens seek each other's company and when not synchronized in behavior they continuously enter and leave resting groups and areas, disturbing resting birds. Riber (14) showed that artificial brooders could somewhat act as a cue for social synchronization, specifically for inactive phases (23–25). Additional measures to better synchronize behavioral patterns would be needed. This could potentially be intermittent lighting programs, which could act as a signal for the chicks to initiate resting phases and therefore possibly synchronize resting behavior in the flock.



Conclusion

In this study, the frequency of disturbances and duration of resting bouts showed that individuals experience difficulties in achieving undisturbed rest. The introduction of artificial brooders provided an opportunity for somewhat longer and less fragmented rest. However, disrupted rest was common in all situations suggesting that more measures than adding an artificial brooder are needed to further reduce disturbances. Increased synchronization of behavioral patterns could possibly be such a measure that further reduces disturbance, but more research is needed to determine how to induce it in broiler flocks and to evaluate its potential effects on quality of sleep.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The animal study was reviewed and approved by Uppsala djurförsöksetiska nämnd, Jordbruksverket, Sverige.



Author contributions

SF, CH, AR, HW, and HB contributed in the planning of the project, both teoretical and practical. SF conducted the experiment, data collection, analysis, and wrote the manuscript with input from CH, AR, HW, and HB. All authors contributed to the article and approved the submitted version.



Funding

The research described in this paper was funded by the Swedish Research Council Formas and the Swedish Board of Agriculture.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Carskadon MA, Dement WC. Normal human sleep: an overview. Princ Pract Sleep Med. (2005) 4:13–23. doi: 10.1016/B0-72-160797-7/50009-4

 2. Siegel JM. Clues to the functions of mammalian sleep. Nature. (2005) 437:1264–71. doi: 10.1038/nature04285

 3. Assefa SZ, Diaz-Abad M, Wickwire EM, Scharf SM. The functions of sleep. AIMS Neuroscience. (2015) 2:155–71. doi: 10.3934/Neuroscience.2015.3.155

 4. Rial RV, Nicolau MC, Gamundí A, Akaârir M, Aparicio S, Garau C, et al. The trivial function of sleep. Sleep Med Rev. (2007) 11:311–25. doi: 10.1016/j.smrv.2007.03.001

 5. Shimmura T, Kamimura E, Azuma T, Kansaku N, Uetake K, Tanaka T. Effect of broody hens on behaviour of chicks. Appl Anim Behav Sci. (2010) 126:125–33. doi: 10.1016/j.applanim.2010.06.011

 6. Malleau AE, Duncan IJ, Widowski TM, Atkinson JL. The importance of rest in young domestic fowl. Appl Anim Behav Sci. (2007) 106:52–69. doi: 10.1016/j.applanim.2006.06.017

 7. Schwean-Lardner K, Fancher BI, Classen HL. Impact of daylength on behavioural output in commercial broilers. Appl Anim Behav Sci. (2012) 137:43–52. doi: 10.1016/j.applanim.2012.01.015

 8. Forslind S, Blokhuis HJ, Riber AB. Disturbance of resting behaviour of broilers under different environmental conditions. Appl Anim Behav Sci. (2021) 242:105425. doi: 10.1016/j.applanim.2021.105425

 9. Buijs S, Keeling LJ, Vangestel C, Baert J, Vangeyte J, Tuyttens FAM. Resting or hiding? Why broiler chickens stay near walls and how density affects this. Appl Anim Behav Sci. (2010) 124:97–103. doi: 10.1016/j.applanim.2010.02.007

 10. Yngvesson J, Wedin M, Gunnarsson S, Jönsson L, Blokhuis H, Wallenbeck A. Let me sleep! Welfare of broilers (Gallus gallus domesticus) with disrupted resting behaviour. Acta Agric Scand A—Anim Sci. (2017) 67:123–33. doi: 10.1080/09064702.2018.1485729

 11. Bach MH, Tahamtani FM, Pedersen IJ, Riber AB. Effects of environmental complexity on behaviour in fast-growing broiler chickens. Appl Anim Behav Sci. (2019) 219:104840. doi: 10.1016/j.applanim.2019.104840

 12. Gilani AM, Knowles TG, Nicol CJ. The effect of dark brooders on feather pecking on commercial farms. Appl Anim Behav Sci. (2012) 142:42–50. doi: 10.1016/j.applanim.2012.09.006

 13. Jensen AB, Palme R, Forkman B. Effect of brooders on feather pecking and cannibalism in domestic fowl (Gallus gallus domesticus). Appl Anim Behav Sci. (2006) 99:287–300. doi: 10.1016/j.applanim.2005.10.017

 14. Riber AB. Ontogeny of Behaviour in Domestic Fowl: With Emphasis on Feather Pecking (PhD Thesis). Copenhagen: Section of Ethology, Department of Large Animal Sciences, University of Copenhagen. (2007).

 15. Margoliash D, Brawn TP. Sleep and learning in birds: rats! there's more to sleep. Sleep Brain Act. (2012) 109–46. doi: 10.1016/B978-0-12-384995-3.00006-X

 16. Bonnet MH. Cognitive effects of sleep and sleep fragmentation. Sleep. (1993) 16(8 Suppl):S65–7. doi: 10.1093/sleep/16.suppl_8.S65

 17. Bonnet MH. Sleep fragmentation. Sleep deprivation: basic science, physiology and behavior. Kushida CA, editor. New York: Marcel Dekker (2005), p. 103–20.

 18. Tartar JL, Ward CP, McKenna JT, Thakkar M, Arrigoni E, McCarley RW, et al. Hippocampal synaptic plasticity and spatial learning are impaired in a rat model of sleep fragmentation. Eur J Neurosci. (2006) 23:2739–48. doi: 10.1111/j.1460-9568.2006.04808.x

 19. Freire R, Cheng HW, Nicol CJ. Development of spatial memory in occlusion-experienced domestic chicks. Anim Behav. (2004) 67:141–50. doi: 10.1016/j.anbehav.2003.03.015

 20. Van Luijtelaar ELJM, Van Der Grinten CPM, Blokhuis HJ, Coenen AML. Sleep in the domestic hen (Gallus domesticus). Physiol Behav. (1987) 41:409–14. doi: 10.1016/0031-9384(87)90074-6

 21. Dawkins MS, Donnelly CA, Jones TA. Chicken welfare is influenced more by housing conditions than by stocking density. Nature. (2004) 427:342–4. doi: 10.1038/nature02226

 22. Johnsson RD, Connelly F, Gaviraghi Mussoi J, Vyssotski AL, Cain KE, Roth TC, et al. Sleep loss impairs cognitive performance and alters song output in Australian magpies. Sci Rep. (2022) 12:1–11. doi: 10.1038/s41598-022-10162-7

 23. R Core Team. R: A Language and Environment For Statistical Computing. Vienna, Austria: R Foundation for Statistical Computing. Available online at: http://www.R-project.org/ (accessed January 2022).

 24. Riber AB, Guzman DA. Effects of dark brooders on behavior and fearfulness in layers. Animals. (2016) 6:3. doi: 10.3390/ani6010003

 25. Riber AB, Guzmán DA. Effects of different types of dark brooders on injurious pecking damage and production-related traits at rear and lay in layers. Poult Sci. (2017) 96:3529–38. doi: 10.3382/ps/pex177



OPS/images/fvets-09-908196-g005.gif
300+

*kk

200-

(s) sinoq Bunsas usamaq AUAROE Jo UoReNa

Yes

Ho

Disturbed





OPS/images/fvets-09-908196-t001.jpg
Age (days) Time Proportion of chicks

of day under the brooders
6 06:00 027
6 08:00 028
6 20:00 026
6 22:00 028
13 06:00 025
13 08:00 024
13 20:00 024
13 22:00 022
2 06:00 016
20 08:00 014
20 20:00 018

20 22:00 0.19





OPS/images/fvets-09-908196-g003.gif
Cardboned
sartcage. N

€— Wire mesh

P

CoMbanions






OPS/images/fvets-09-908196-g004.gif
*kk

500~

400-

(5) S0 Bunsa. jo uoneng

100+

Yes

Disturbed





OPS/images/fvets-09-908196-t002.jpg
Treatment Proportion Latency to Latency to

of chickens leave start reach
leaving cage companion

start cage cage
Brooders 052 197.54 365 227.4 43682
Control 027b 203122462 29.6+247

Differe

lette

within parameter indi nent difference:

te significant t

p < 0.05).





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Resting behavior of broilers reared with or without artificial brooders



		Introduction



		Materials and methods



		Animals and housing



		Treatments



		Data collection



		Statistical analysis



		Ethical statement







		Results



		Usage of brooders



		Duration of resting bouts



		Duration of activity between resting bouts



		Proportion of resting bouts disturbed



		Influence of disturbances on durations of resting bouts and activity between resting bouts



		Spatial learning







		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Veterinary Science

Resting behavior of broilers
reared with or without artificial
brooders





OPS/images/fvets-09-908196-g001.gif
BBBBBB
AAAAAA

CCCCCC





OPS/images/fvets-09-908196-g002.gif









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Veterinary Science





