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|. Background

In a natural environment, pain and pleasure are extremely adaptive: while the unpleasantness of pain
steers the animal away from life-threatening stimuli and behaviors, pleasure motivates animals to
seek activities and resources that will enhance their chances of survival and reproduction. Although in
captivity food and shelter are provided by humans, an animal’s highly adaptive drive to seek, choose
and care for critical resources, and to nurture such abilities - as manifested through behaviors such as
foraging, exploration, mate-seeking, play and social contact - does not suddenly vanish. For example,
despite over 8,000 years of domestication [1], modern chickens still retain a similar behavioral
repertoire as that of their wild ancestors, the red junglefowl [2]. Given the opportunity, they will still
spend a substantial fraction of their behavioral time budget foraging and exploring the environment,
as well as perching and dustbathing.

Still, in modern commercial broiler production the expression of many of these drives is greatly
constrained as a by-product of environmental and genetic factors. For example, certain management
practices, particularly the use of high stocking densities and a lack of environmental enrichment (e.g.,
perches, suitable litter) limit movement and/or the possibility to perform many of these motivated
behaviors. Additionally, many of the selective pressures acting to maintain animals’ physical fitness in
a natural environment are relaxed in captivity, and replaced by strong artificial selection for
human-desirable traits (e.g., fast growth, meat yield) that often correlate poorly with well-being. In
broiler chickens, rapid growth and heavy body weights are associated with increased incidences of
lameness and leg disorders [3-5], poor cardiorespiratory functioning due to disproportionately-sized
lungs and hearts [6] and poorer immune system functioning [7]. Altogether, these conditions make it
physiologically and physically challenging for broilers to express behaviors that involve locomotion.

Accordingly, modern fast-growing birds are generally very inactive, spending the vast majority of
their days sitting, lying or resting. Inactivity also increases as they age [8-10]; a recent study by one of
the authors (LCD) found that 6-week-old broilers spend about 80% of the day being inactive [11]. This
may be due to a number of factors, including increasingly poor leg health and lameness, which is
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known to be painful [12], as well as the increased metabolic costs of activity at heavier body weights
[13].

Thwarted behavioral needs may lead to frustration and fear, which can also manifest as aggression,
abnormal behaviors (e.g., stereotypies such as pacing), displacement behaviors (e.g., excessive
grooming) and physiological signs of stress [14]. In this Chapter, we assume that the frustration of
motivated behaviors may trigger affective (emotional) experiences of a negative valence [15], which
we refer to as ‘psychological pain’ [16]. This is in line with research showing that motivation and
emotion operate in synchrony to coordinate behavior at all levels across both brief and lengthy time
periods [17,18]. It is this affective component that amplifies motivation by bringing attention to
unsatisfied needs, creating increased urgency and amplifying behavior [17,19]. In fact, some authors
propose that emotions are the true motivators of behavior [20]. Work with non-human animal
models also highlights a substantial overlap in neural systems underlying motivation and emotion
(reviewed in [17]).

An alternative hypothesis would be that broilers’ motivation to perform specific behaviors may have
been altered by artificial selection for productivity. Artificial selection for rapid growth has included
selection for high feed efficiency, which may have indirectly favored low activity levels and the
performance of less energetically costly behaviors (e.g., sitting) [21], thus favoring the diversion of
energy for growth. Modern broilers could thus be genetically predisposed to low activity; in this case,
the intensity of the motivation to forage, explore and perch would have been reduced [21,22]. This
argument, however, does not consider the fact that, as in humans, animals that are more inactive may
deposit more fat (which reduces feed efficiency; [23]), but may not necessarily synthesize more
muscle (protein) mass, as intended by breeding goals towards the production of lean chicken meat
[24].

In this Chapter we use the Cumulative Pain Framework to quantify the time commercial broiler

chickens experience in negative affective states (psychological pain) as a result of the deprivation of
behaviors they may still be motivated to perform: foraging/exploration, perching and dustbathing. As
the reader will note, many are the knowledge gaps and uncertainties in this exercise. The endpoint,
therefore, is not yet a definitive conclusion about how much psychological pain broiler chickens
experience as a result of the deprivation of behaviors they are potentially motivated to perform, but
rather a starting point for discussion and the development of a logical approach to address this
question. Accordingly, if the reader wants to change any of the assumptions regarding the duration
and intensity of the psychological pain depicted in any of the Pain-Tracks, an interactive web
application can be used for this purpose, available at https:/pain-track.org/broilers. In the web
application, changes in any of the parameters described in this Chapter will automatically update
estimates of the times in pain. Here, we analyze two scenarios, as in the other Chapters of this book:

(1) a conventional scenario represented by the use of fast-growing breeds (e.g., Aviagen Ross 308, 708,
Cobb 500) reaching a slaughter weight of approximately 2.5 kg at 42 days (average daily weight gain
of the EU and USA) and raised under typical intensive conditions, and

(2) a reformed scenario with broilers raised under conditions proposed by the Better Chicken
Commitment (BCC), namely: a lower stocking density (<30 kg/m?), the provision of perches and
enrichment and the use of slower-growing strains. In the latter case, we restrict the analysis to strains
of birds that reach the same slaughter weight (-2.5 kg) in approximately 56 days (a growth rate
consistent with typical figures achieved by various breeds approved under the BCC such as JA 987, 787
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and Ranger Gold). As explained in Chapter 1, this choice was governed by the availability of data on
the incidence of important welfare challenges in slower-growing breeds.

Il. Foraging and Exploration

In chickens, foraging encompasses two distinct behaviors, often performed in an alternating
sequence: ground pecking (rapid, downward movements of the beak towards the litter or other
substrates) and ground scratching (backward kicks at the substrate using one leg) [2]. Junglefowl start
to perform these behaviors within the first few days of life [2]. Even in captivity, red junglefowl have
been shown to spend 60% and 34% of daylight hours ground pecking and ground scratching,
respectively [25]; this suggests that, even when provided with accessible feed, junglefowl continue to
engage in high levels of foraging behaviors.

In commercial broiler breeds, foraging is less commonly observed, with its occurrence depending on
factors such as the genotype, age and management. The extent to which modern broilers experience
negative affective states (e.g., frustration, boredom) as a result of the impossibility to perform these
behaviors depends, however, on the extent to which they are still motivated, but unable, to do so.
With the exception of ground pecking while sitting, foraging and exploration largely involve standing
and walking. Due to their rapid growth and heavy body weights, fast-growing broilers may be
physically limited in their ability to stand and walk. Moreover, the pain associated with
lameness-causing conditions may further limit the ability to forage and explore.

Several lines of evidence indeed suggest that foraging motivation is likely preserved in broilers, but
not realized owing to these physical constraints. First, fast-growing broilers with more severe gait
impairments spend less time walking and tend to spend less time ground pecking while standing [10],
with some evidence that the lower the prevalence of poor gait and leg deformities the longer the time
spent exploring [26]. When treated with a non-steroidal anti-inflammatory drug, broilers with even
mild gait impairments spend more time in locomotion [27], suggesting that pain associated with even
low degrees of lameness can affect exploratory behavior.

Additionally, broilers outfitted with a suspension harness (designed to reduce the weight load on their
legs) were shown to walk about 85% further than those not provided with the device [28]; this effect
only emerged when the birds had reached 138 days of age, in line with the notion that walking is not
limited by ‘weight’ exclusively in the first two weeks of life. Similarly, 6-week old fast-growing broilers
equipped with weight-reducing devices walked for about three times longer periods than broilers
with simple harnesses, whereas slower-growing broilers equipped with weight-increasing devices
spent about three times less time walking than those with unweighted harnesses [29]. In another
study, fast- and slower-growing broilers completed two runway tests each week from 3 to 12 weeks of
age, in which they were feed deprived then walked a runway to reach a food reward; motivation (i.e.,
the duration of feed deprivation) affected completion amongst slower-growing broilers, whereas
physical ability affected completion amongst fast-growing broilers [30]. These results suggest that
even fast-growing strains are motivated to forage, but bearing a heavy weight is a key factor limiting
their walking and exploratory behavior.

Management practices can also diminish (or enhance) foraging and exploration performance. For
one, stocking density may affect these behaviors directly through reducing the amount of floor space
available to perform them, or indirectly through the reduction in litter quality that accompanies
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housing a larger number of birds. Overall, broilers kept at lower stocking densities have been shown
to walk, ground peck and ground scratch more [31-34], suggesting that they are motivated to perform
these behaviors when there is more space to do so. Additionally, providing broilers with oral
enrichment elements (mealworms) has been also shown to affect foraging, leading to more litter
pecking and scratching while the enrichment remains available [35].

Box 1 Definition of Pain Intensity Categories

Annoying: experiences of pain perceived as aversive, but not intense enough to disrupt the animal’s routine
in a way that alters adaptive functioning or affects the behaviors that animals are motivated to perform.
Similarly, Annoying pain should not deter individuals from enjoying pleasant experiences with no short-term
function (e.g., play) and positive social interactions. Sufferers can ignore this sensation most of the time.
Performance of cognitive tasks demanding attention are either not affected or only mildly affected.
Physiological departures from expected baseline values are not expected to be present. Vocalizations and
other overt expressions of pain should not be observed.

Hurtful: experiences in this category disrupt the ability of individuals to function optimally. Different from
Annoying pain, the ability to draw attention away from the sensation of pain is reduced: awareness of pain is
likely to be present most of the time, interspersed by brief periods during which pain can be ignored
depending on the level of distraction provided by other activities. Individuals can still conduct routine
activities that are important in the short-term (e.g., eating, foraging) and perform cognitively demanding
tasks, but an impairment in their ability or motivation to do so is likely to be observed. Although animals may
still engage in behaviors they are strongly motivated to perform (i.e., exploratory, comfort, sexual, and
maintenance behaviors), their frequency or duration is likely to be reduced. Engagement in positive activities
with no immediate benefits (e.g., play in piglets, dustbathing in chickens) is not expected. Reduced alertness
and inattention to ongoing stimuli may be present. The effect of (effective) drugs (e.g., analgesics if pain is
physical, psychotropic drugs in the case of psychological pain) in the alleviation of symptoms is expected.

Disabling: pain at this level takes priority over most bids for behavioral execution, and prevents all forms of
enjoyment or positive welfare. Pain is continuously distressing. Individuals affected by harms in this
category often change their activity levels drastically (the degree of disruption in the ability of an organism
to function optimally should not be confused with the overt expression of pain behaviors, which is less likely
in prey species). Inattention and unresponsiveness to milder forms of pain or other ongoing stimuli and
surroundings is likely to be observed. Relief often requires higher drug dosages or more powerful drugs. The
term Disabling refers to the disability caused by ‘pain’, not to any structural disability.

Excruciating: all conditions and events associated with extreme levels of pain that are not normally tolerated
even if only for a few seconds. In humans, it would mark the threshold of pain under which many people
choose to take their life rather than endure the pain. This is the case, for example, of scalding and severe
burning events. Behavioral patterns associated with experiences in this category may include loud
screaming, involuntary shaking, extreme muscle tension or extreme restlessness. Another criterion is the
manifestation of behaviors that individuals would strongly refrain from displaying under normal
circumstances, as they threaten body integrity (e.g., running into hazardous areas or exposing oneself to
sources of danger, such as predators, as a result of pain or of attempts to alleviate it). The attribution of
conditions to this level must therefore be done cautiously. Concealment of pain is not possible.
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Considering the criteria defining the pain intensity categories (Box 1), we hypothesize the intensity of
the psychological pain experienced by broilers with respect to their inability to fulfill this motivation.
On one hand, the previously-reviewed evidence suggests that even fast-growing broiler breeds are
still motivated to forage and explore the environment. This is in line with the notion that the ‘seeking
system’ — an ancient and powerful neural system that strongly compels organisms to move and
forage with the goal of exploration, independently of external triggers, cues or incentives [36] — is
preserved in modern breeds.

On the other hand, empirical evidence that modern broilers experience negative affective states as a
result of behavioral deprivation is limited, with no measurable evidence of the negative impacts of
behavioral deprivation on broiler welfare (e.g., aggression, the performance of abnormal behaviors,
physiological indicators of stress). Additionally, although we consider the hypothesis that
conventional strains have a lower motivation for locomotion as a result of selection for high feed
efficiency unlikely (inactivity may lead to the deposit of more fat, lower feed efficiency [23], and lower
deposition of protein mass [24]), existing evidence does not enable us to completely rule out this
possibility. Therefore, we consider that there would be some probability (uncertainty range: 10-50%,
mid-point: 30%) that foraging/exploration deprivation is not associated with any negative affective
states in fast-growing strains.

The remaining probability (uncertainty range: 50-90%, point estimate: 70%) represents the possibility
that fast-growing broilers experience frustration as a result of the inability to forage and explore their
surroundings. However, we consider that this frustration is unlikely to be very intense, of a Disabling
or Excruciating nature, since the inability to forage does not appear to affect the broilers' ability to
perform important maintenance behaviors such as eating and drinking (see criteria in Box 1).
Additionally, observation that foraging and exploration are largely reduced in broilers with severe
gait impairments suggests that they may not be willing to exchange the opportunity to perform these
behaviors with the physical pain that is required to perform them, similarly suggesting a lower
(Hurtful or Annoying) intensity. By the same logic, however, some negative affect is suggested by the
fact that moderately lame birds will forage and explore (though at a reduced frequency), indicating
that they are willing to endure some physical pain occasionally (i.e., associated with standing and
walking while lame) to perform these behaviors. Therefore, we tentatively and conservatively split the
point estimate of 70% into a 20% probability to the Hurtful category (associated with evidence
showing that moderately lame birds will still forage occasionally), and 50% probability to the
Annoying category.

These hypotheses are outlined in Pain-Track 1. The likelihood that the psychological pain associated
with the frustrated motivation to forage and explore is of a given intensity is represented as a
percentage in the first four rows. In the bottom row, the Pain-Track depicts the estimated number of
hours in pain per day, for each of the weeks of the production cycle. Pain-Track 1 starts at week 3,
under the hypothesis that at young ages, body weight [28], limited space and poor litter quality are
each unlikely to limit the ability to forage or move around.
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Pain-Track 1. Hypothesis for the intensity and duration (hours, bottom row) of the psychological pain endured per
day by commercial broilers as a result of the deprivation to forage and explore the environment in each week of the
production cycle. Scenario: fast-growing breed under typical intensive conditions. Estimated prevalence of birds
affected: 100%.

Week 3 Week 4 Week 5 Week 6

Excruciating

Disabling
Annoying 50% 50% 50% 50%
Duration (h) 0-10.3 0-10.4 0-10.6 0-10.8

Estimating Duration

We assume that the intensity of the psychological pain will not change with increasing age, but the
duration of this pain will, given the increasing constraints on the physical ability to stand and walk,
the increasing proportion of energy consumption (leaving less energy available for locomotor
activity), the decline in room to forage and the decline in litter quality. Each day, the estimated
duration of pain is determined as the difference between (1) the hypothetical desired duration of
foraging/exploration and (2) the realized duration. The hypothetical values for the minimum desired
daily duration of foraging/exploration are assumed to correspond to the amount of foraging
performed at weeks 1 and 2, when foraging is less constrained by stocking density, litter quality
and/or physical ailments, but may still be somewhat constrained by the lack of environmental
complexity in an indoor environment, the lack of positive feedback from foraging, adequate
substrates and the large fraction of energy allocated to growth. To this end, we use the mean from two
behavioral studies with 1 to 2-week-old fast- and slower-growing birds, which showed that they spent
about 15.5% [37] and 12.6% (fast-) and 13.5% (slower-growing) of their days foraging and walking [38]
(these estimates assume that all walking is for the purposes of foraging or exploration). We take these
findings as a reference to estimate the uncertainty interval containing typical time budgets: 10 to 20%.
This range corresponds to 1.4 to 4 hours per day (considering that commercial birds are awake for
14-20 h/day; see Chapter 1) during which broilers would be foraging if they were as fit and had as
much space as 1 to 2 week-old chicks under typical commercial (indoor) conditions.

The hypothetical values for the maximum desired duration of foraging/exploration is assumed to
correspond to the time budget of the red jungle fowl [25] ‘minus’ the time commercial broilers
allocate to distracting activities such as eating and drinking, during which frustration is assumed to be
absent. Considering that eating and drinking together account for approximately 20% of the daytime
budget of fast-growing commercial broilers in the first 6 weeks of life [37], and conservatively
assuming that an additional 10% of the time budget may be allocated to other distracting activities
(e.g., comfort behaviors, or simply a longer time dedicated to eating and drinking), this leads to a
maximum desired duration of approximately 70% (or up to 11 hours per day if up to 16 active
hours/day are considered in the case of junglefowl). When the minimum and maximum ranges are
considered together, the hypothetical desired daily duration of foraging/exploration could thus range
from 1.4 to 11 hours per day. Such a wide range reflects the many uncertainties associated with this


https://paperpile.com/c/ObMLGx/lPyi
https://paperpile.com/c/ObMLGx/FXBK
https://paperpile.com/c/ObMLGx/ZFs5
https://paperpile.com/c/ObMLGx/lPyi

estimate, as well as the expected variation in the commercial flocks in terms of management and
physical conditions that make standing painful.

The realized duration of foraging and exploring is represented by the range of values from studies
that report both the foraging and locomotion time budget for each week of age [8,37,38]: 9-15% at
week 3 (1.3-8 hours/day); 8-138% at week 4 (1.1-2.6 hours/day); 5-11% at week 5 (0.7-2.4 hours/day) and
4-12% at week 6 (0.5-2.4 hours/day). However, these values likely represent the higher end of the time
budget, as they derive from studies conducted under carefully-controlled conditions (e.g., lower
density, enrichment, good husbandry, long dark periods, small groups), which to some extent ‘shields’
less resilient breeds (e.g., typical fast-growing strains) from welfare problems observed under more
challenging commercial conditions, and which may constrain behavioral expression. Therefore, we
extend the lower range values to increase the likelihood that it includes the time budgets under
typical commercial settings (weeks 3, 4, 5 and 6, respectively: 0.65-3; 0.55-2.6; 0.35-2.4 and 0.25-2.4
hours/day). They are subtracted from the hypothetical desired daily duration of foraging/exploration
calculated previously (1.4-11 hours/day) and the results shown in the bottom row of Pain-Track 1.

Better Chicken Commitment

Under the Better Chicken Commitment, broilers are expected to have a greater ability to forage and
explore. For one, at the same age, slower-growing breeds will be lighter, and thus likely to have more
freedom of movement than fast-growing broilers. Additionally, at a lower stocking density, broilers
are less likely to be limited by the amount of floor space available. Moreover, when broilers are
provided with pecking substrates (e.g., maize roughage, mealworms, bales of peat or hay, pecking
stones), either alone or in combination with elevated surfaces, they seem to be well used [38] and lead
to an increased incidence of foraging and exploration behaviors [35,38—41] (although some authors
found that the latter effect is short-lasting [35]). Importantly, better leg health (Chapter 2), disease
resistance and cardiorespiratory function (Chapter 3) should facilitate behavioral expression in
slower-growing birds compared to fast-growing strains.

Accordingly, the behavioral time budgets of fast- and slower-growing broilers differ, with the latter
spending more time standing, perching, foraging, dustbathing, preening and in locomotion
[8,9,11,26,37]. In studies that compared the behavioral time budget of fast-growing strains with that of
slower-growing birds growing at approximately 43-48 g/day, from week 3 onwards, the time
slower-growing birds spent in locomotion or foraging was approximately 2 to 8 times longer than
that spent by conventional strains [8,11,38]. We use these estimates to determine the ‘realized duration
of foraging and exploring’ in slower-growing breeds (see previous section) as corresponding to 2 to 3
times that calculated for faster-growing strains. This is likely a conservative assumption, since the
carefully-controlled environments of these studies may have favored less-resilient fast-growing
breeds, potentially making welfare differences between conventional and slower-growing breeds less
pronounced than what may be typical of more challenging commercial conditions. Considering the
lighter weight, better leg health and lower density experienced under the BCC scenario, we assume
that foraging is unconstrained in the first three weeks of life (instead of two weeks, as assumed for
fast-growing strains). The estimated intensity of the pain, when frustration is present, is assumed to
be the same as that experienced by fast-growing birds (justified in the previous section).
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Pain-Track 2. Hypothesis for the intensity and duration (hours, bottom row) of the psychological pain endured per day
by commercial broilers as a result of the deprivation of the possibility to forage and explore the environment in each
week of the production cycle. Scenario: Better Chicken Commitment. Estimated prevalence of birds affected: 100%.

Week 4 Week 5 Week 6 Week 7 Week 8
Excruciating

Disabling
Annoying 50% 50% 50% 50% 50%
Duration (h) 0-9.7 0-9.9 0-10.3 0-10.5 0-10.5

ll. Perching and Roosting in Elevated Areas

Free-living chickens often rest on elevated structures (e.g., tree branches, bushes) to physically
distance themselves from ground predators and better monitor their surroundings [42]. The drive to
seek elevated structures to perch and roost seems to have been retained in modern breeds of
commercial chickens. For example, in young laying hens, perching frequency is higher in smaller
groups, when individual predation risk is higher [43]. This drive to rest on an elevated surface appears
to be stronger during the overnight hours. For instance, in one study of captive red junglefowl and
commercial laying hens, all overnight resting occured on the provided perches, with perching
beginning around one hour prior to sunset [44], whereas another study found that 90% of hens
perched within 10 minutes of the lights being turned off [45].

In commercial broiler breeds, evidence suggests that perching and roosting are also associated with a
lower perceived threat of predation, in addition to reducing true threats of aggression. Compared to
unenriched conditions, broilers raised with elevated surfaces are possibly less fearful, as evidenced by
their shorter durations of tonic immobility [46]? (Box 2). They also demonstrate lower rates of
aggressive behaviors [33] and lower heterophil/lymphocyte ratios, suggesting they may be less
stressed, too [48]. Perching and roosting are also likely beneficial to welfare in other, indirect ways. For
example, experimental evidence suggests that the provision of perches, platforms or straw bales may
improve leg and foot health, as they have been linked to longer latencies to lie [49], a lower
prevalence of tibial dyschondroplasia, improved walking ability [50] and a reduced incidence of foot
pad dermatitis [51]. By acting as an additional surface to rest on, the provision of elevated structures
also has the potential to indirectly increase the floor space available for the performance of other
behaviors, such as foraging and exploration.

2 Other studies have evaluated fear via flight distance or response to a novel object, but these indicators can be
confounded by walking ability [47], so they may not be accurate measures of fear in broilers.
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Box 2. Tonic immobility

Tonic immobility is an involuntary reflexive reaction characterized by a reversible, but
profound, motor inhibition believed to be a last line of defense in unavoidable attacks. From an
evolutionary perspective, tonic immobility is believed to have evolved as a response to
predator attacks after flight and fight responses have failed - a last resort in the face of
inescapable danger. Accordingly, some studies [52,53] have shown that tonic immobility can
increase prey survival, for example by increasing the likelihood that predators will drop or
cache the individuals for consumption at a later time, providing them with further
opportunities to flee. Tonic immobility is observed in a wide variety of vertebrate and
invertebrate species, from ants and spiders to fish, rodents and even humans, such as victims
of sexual assault [54]. In chickens, tonic immobility has been shown to be elicited by both
fear-inducing and painful stimuli [55]; however, this strategy is counterproductive in
commercial systems where individuals cannot escape, and are in fact making themselves
available to attackers [56].

Although perches and raised platforms are not typically available in conventional broiler farms, when
available, broilers will use them. Usage, however, is likely constrained by the physical conformation of
modern breeds. Genetic selection for rapid muscle growth has led to increased breast muscle size in
fast-growing broilers, which has shifted their center of gravity [57] and possibly affected their ability
to balance on a perch. Indeed, slower-growing broilers have been shown to perch more than
fast-growing broilers [8,9,37,58,59] at a similar age, possibly as a result of differences in body weight or
conformation. Foot health issues (e.g., contact dermatitis, which is more prevalent in fast-growing
broilers) may also affect broilers’ ability to hold onto a perch, as may leg health problems [27].
Likewise, fast-growing broilers’ perching and roosting behavior is also heavily influenced by the
design of the elevated structure itself, with a preference for elevated platforms or grids to traditional
bar-type perches [58,60] as resting and balancing on a round bar may be difficult for these birds. For
instance, several studies have noted that broilers spend less than 15% of their time budgets perching
on traditional wooden perches [8,9,26,59,61], and from 25 to 45% perching on flat perches [33,37].

In Pain-Track 3 we outline the hypothesis for the potential frustration associated with the inability of
fast-growing birds raised under typical commercial conditions to perch or roost (the opportunity that
elevated structures offer in terms of minimizing physical pain is discussed in other chapters). Given
the adaptive antipredatory function of perching, as well as evidence to suggest that broilers raised
without the opportunity to perch are more fearful [46,62], stressed [48] and aggressive [33], we
tentatively hypothesize that the inability to perch or roost is aversive for broilers. This is also
suggested by observations that broilers make use of elevated structures when they are available,
indicating a retained motivation to perch and roost.

Evidence to determine the magnitude of this aversiveness is however lacking or conflicting. Unlike
research with laying hens, demand elasticity experiments, in which an animal’s motivation to access a
resource (e.g., a perch) is quantitatively measured via their willingness to pay for access, have not been
conducted with broiler chickens. Similarly, it is currently unclear whether motivation increases after
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periods of deprivation (e.g., if limited space prevents repeated perching or if social hierarchy prevents
certain individuals from perching) or whether broilers who have never experienced perching or
roosting (i.e., raised without perching structures) ‘miss’ the opportunity in the same manner as those
who have experienced perching or roosting. Additionally, data for broilers’ overnight behavior —
when perching and roosting motivation is expected to be strongest based on the behavior of chickens
in the wild — is limited. Although the intensity of the aversiveness associated with the inability to
perch is unlikely to reach the criteria defining the Disabling category of pain intensity (Box 1), as
broilers still perform activities such as eating and drinking, evidence is therefore not available that
enables us to determine whether the Hurtful or Annoying categories are more representative of the
experience. Thus, we conservatively attribute in Pain-Track 3 the same likelihood for these categories.
Because broilers raised under intensive conditions are generally not provided with environmental
enrichment, including elevated structures for perching and roosting, we hypothesize that 100% of
these birds are affected (100% prevalence).

Based on observations that both junglefowl and commercial laying hens begin to perch for the night
about 1 hour prior to sunset (or prior to the lights being turned off) [44], that perching behavior peaks
in broilers around dawn and dusk [38,58] and that perching overnight is more frequent than during
the day [59], and without evidence to suggest otherwise, we tentatively assume that psychological pain
associated with the inability to perch and roost will be most prominent: 1) when searching for a safe,
elevated site, which we estimate to last approximately 30-60 minutes and 2) during dark hours (4-10
hours under typical lighting regimes; Chapter 1). Outside of these periods, we conservatively assume
that the inability to perch is not a driver of feelings of frustration or fear. During the dark hours, we
assume that psychological pain due to roosting deprivation is limited to the time when broilers are
awake (not sleeping). Although research on commercial broilers’ overnight rest is limited, one study
of young broilers noted less than 2 minutes of activity per hour during the dark period [63], while
another noted that broilers spend approximately 85% of the dark period asleep or resting [64]. We
thus hypothesize that broilers may experience mild distress due to the inability to roost during up to
15% of the dark period, corresponding to 0.6 to 1.5 hours per night.

Finally, in the absence of evidence to suggest otherwise, in Pain-Track 3, we assume that motivation
to perch remains steady with age, and thus hypothesize that the intensity and duration of the pain
associated with the inability to perch or roost would be similar over time, with motivation to perch
starting as early as 1 week of age [59]. Although perching increases as broilers age, peaking at around 4
to 5 weeks of age [9,33,37,38,62,65] before rapidly declining [9,37], there is no evidence to suggest that
motivation changes with age, particularly if it serves an antipredatory function. Instead, observed
differences are likely linked with broiler weight and learning; it takes time to learn how to use the
perches, as well as reaching a body size/height at which birds can easily maneuver onto the perches.
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Pain-Track 3. Hypothesis for the intensity and duration of the psychological pain endured per day by broiler chickens
as a result of deprivation of an elevated site for roosting from weeks 1-6. Scenario: fast-growing breed under typical
intensive conditions. The estimated prevalence of birds affected is 100%.

Search for roosting site Dark hours
Excruciating
Disabling
Annoying 50% 50%
Duration (h) 0.5-1 0.6-1.5

Better Chicken Commitment

Under the Better Chicken Commitment, broilers would be provided with at least 2 m of perch space
per 1,000 birds; therefore, some birds would be capable of perching, assuming the structure is of a
suitable design. In one study, at their heaviest weight, each slower-growing broiler used about 19 cm
of perch space [66]; thus, a 2-m long perch space could only accommodate approximately 10 birds (1%
of 1,000 birds) at one time. Naturally, more birds would be able to fit at a younger age; if we assume
that, at their smallest, any given slower-growing bird occupies 10 cm of perch space, then up to 20
birds (2%) of every 1,000 birds could be accommodated across each 2 m of perch space. Altogether,
we hypothesize that from 1 to 8 weeks of age, 98-99% of birds would be unable to perch or roost
simply due to a lack of available perch space?, and thus would experience the frustration or fear
associated with the deprivation of these behaviors.

Pain-Track 4 summarizes our hypothesis for the intensity and duration of the psychological pain
endured per day by slower-growing broilers as a result of the deprivation of an elevated site for
roosting. As with fast-growing birds, we assume that motivation to perch and roost will remain
constant over time, as does the intensity and duration of the negative state potentially emerging from
the inability to fulfill these motivations. Since slower-growing broilers perch for similar durations at 1
to 6 weeks and 6 to 12 weeks of age [37], we have also assumed that physical ability to perch will not
decline with age, and thus neither will the duration or intensity of pain (hence the lack of columns for
each age in Pain-Track 4).

3 The rationale for the requirement of only 2 meter of perch space per 1,000 birds in the BCC is not clear, but may
be related to the cost associated with the structures, and the managerial difficulties associated with them: they
make catching more difficult (birds can hide under them) and are difficult to clean. It is also the author’s
experience (LCD) that producers do not think broilers use these structures enough to warrant the additional costs
and management challenges associated with their provision.
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Pain-Track 4. Hypothesis for the intensity and duration of the psychological pain endured per day by fast-growing
broiler chickens as a result of deprivation of an elevated site for roosting from weeks 1-8. Scenario: Better Chicken
Commitment. The estimated prevalence of birds affected is 98-99% (see text for justification).

Search for roosting site Dark hours
Excruciating
Disabling
Annoying 50% 50%
Duration (h) 0.5-1 0.6-1.5

IV. Dustbathing

Dustbathing is common in poultry and other bird species, consisting of a sequence of coordinated
movements. Initially, the bird squats in the substrate and uses the wings to throw dust through the
feathers, next rising and shaking off the dust. Other elements include the raking of the substrate with
the beak, ground scratching, wing shaking, and head and side rubbing [67]. Typically, chickens will
dustbathe about once every other day, often for 20 to 35 minutes at a time, after which they stand up
and shake the dust off their plumage [68]. From a functional perspective, dustbathing has been
associated with the removal of surplus stale lipids from the feathers [68] (improving the insulation
capacity of the feathers), dandruff and possibly ectoparasites [69].

In laying hens, dustbathing seems to be a motivated behavior, with hens demonstrating observable
indicators of frustration when prevented from performing it. For example, the removal of
dustbathing materials has been shown to elicit gakel-calls [70] (a general signal of a frustrated internal
state in chickens) and increase exploratory behavior [71], suggesting that layers ‘miss’ the possibility of
dustbathing. Also, birds kept in wire cages exhibit a higher number of stereotypic pecks than caged
birds with access to sand [72]. Importantly, hens have been found to be more motivated to dustbathe
after a period of deprivation: the longer the deprivation, the higher the amount of dustbathing
behavior when the opportunity arises [72-74]. The increase in motivation after deprivation suggests
some influence of internal factors in controlling the motivation to dustbathe [68]. As proposed by
Petherick & Rushen [68], restricting a behavior will be detrimental to welfare %f the motivation arises
mainly from internal factors, if motivation remains high when the behavior cannot be performed and if
motivation is reduced by performing the behavior rather than achieving the consequences’.

Still, the frequency of dustbathing is low among broilers kept under typical commercial conditions,
with some reports of dustbathing associated with a daily time budget of as little as <1% [64,75]. Such a
low frequency may reflect, to some extent, the reduced physical capacity of fast-growing broiler
strains owing to leg disorders, cardiopulmonary deficiencies and the diversion of energy towards
growth as opposed to a low motivation to dustbathe. For example, lame birds spend less time
dustbathing and more time sitting [10,76], but when provided with a non-steroidal anti-inflammatory
drug (carprofen) they are more likely to dustbathe than those injected with saline, suggesting an
inherent motivation to dustbathe that is hindered by pain [27]. Likewise, broiler chickens have also
been shown to compensate for a period of deprivation by more dustbathing [76]. In fact, even lame
birds (with tibial dyschondroplasia) have been shown to dustbathe after a period of deprivation [76].
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Although some authors have suggested that increased dustbathing following deprivation could be the
result of a build-up of feather lipids, the same effect of deprivation was found in both intact and
uropygial gland extirpated layer birds, indicating that factors other than lipid level increase
dustbathing motivation [68].

Low levels of dustbathing in broilers may also reflect a lack of a suitable substrate. Under commercial
conditions, litter tends to become very wet and compact across the production cycle, limiting its
attractiveness for dustbathing [77,78]. Some types of bedding material also have limited attractiveness.
In general, sand and dust are preferred, with a much lower frequency of dustbathing behavior on
other substrates [78,79]. Finally, by limiting movement, high stocking densities will also limit the
performance of several behaviors, including dustbathing. Indeed, in studies where birds were housed
at a lower stocking density and litter quality was maintained over time, the percentage of dustbathing
observed was higher than in other studies, peaking at 8.6% [37].

Notwithstanding, failure of some studies to find evidence of a motivation to dustbathe [80—83] has
led some authors to suggest that dustbathing could be a lesser priority than other behaviors [84,85],
representing a pleasurable activity that birds engage in when given the opportunity [86]. In light of
the conflicting evidence on whether deprivation of proper dustbathing opportunities has a negative
impact on welfare, we tentatively split the likelihood that deprivation of dustbathing is associated
with a negative welfare impact equally (i.e., we assume the highest possible degree of uncertainty) into
the hypotheses that (1) the welfare of fast-growing broilers is not negatively impacted in any way
(50%) and (2) there is some frustration associated with deprivation (Pain-Track 5). In the latter case, we
attribute the intensity of the deprivation mostly to the Annoying category. Still, given observations
that dustbathing increases with time since the last performance, hence the possibility that the
putative need to dustbathe builds up over time, we consider a low (10-20%, mid-point: 15%) likelihood
that intensity increases to a Hurtful level. These probabilities can also be interpreted as the temporal
distribution of frustration levels in the intensity categories, with 35% of the time spent at the
Annoying level, 15% at the Hurtful level, and 50% of the interval with no distress. These are the same
probabilities attributed to the effect of dustbathing deprivation in laying hens [87].

In terms of duration, we assume that frustration would be present during the hours typically
associated with the performance of the behavior in laying hens and the junglefowl, namely in the
middle of the day and afternoon (from approximately 11:00 to 16:00) [68,88,89]. This is a conservative
assumption that restricts the possible time spent in frustration to a five-hour interval. Should there be
no effect of time of the day on the motivation to dustbathe in broilers [27], this interval may be
longer. To account for the high level of uncertainty associated with these assumptions, to this
five-hour interval we add the possibility of a 50% shorter or 50% longer duration (hence ranging from
2.5 to 7.5 hours). As before, we assume that motivation to dustbathe remains steady with age [37], but
similarly to the case of foraging, we assume that dustbathing is not constrained in any way in the first
two weeks of life, when litter quality is better and movement is less likely to be constrained by
lameness and other ailments. It is worth noticing that Pain-Track 5 addresses the negative affective
states directly emerging as a result of the deprivation of dustbathing, and does not consider other
potentially negative (indirect) effects of the possibility to perform it, such as increased fearfulness
[79,90].
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Pain-Track 5. Hypothesis for the intensity and duration of the psychological pain endured per day by fast-growing
broiler chickens as a result of dustbathing deprivation. The estimated prevalence of birds affected is 100%.

i
Deprivation of
Dustbathing (weeks 3-6)

Excruciating

Disabling
Annoying 35%
Duration (h) 25-7.5

Better Chicken Commitment

Under the Better Chicken Commitment, the increased space available (provided by the lower
stocking density and the provision of raised platforms and perches) and its effects on litter quality
(likely to become less wet and compact) should increase the opportunities for dustbathing. Likewise, a
higher level of activity and behavioral expression is expected given the lower prevalence of leg
disorders (Chapter 2) and other ailments associated with faster growth (Chapter 3). Yet, given the high
level of heterogeneity in management, and the possibility that the substrates available may not the
most appropriate for dustbathing (e.g., wood shavings), we assume that 10-607% of the birds raised
under the BCC will not be able to dustbathe when motivated to do so.

Pain-Track 6. Hypothesis for the intensity and duration of the psychological pain endured per day by fast-growing
broiler chickens as a result of dustbathing deprivation. The estimated prevalence of birds affected ranges between 20
and 60% (see text for justification).
i.
Deprivation of
Dustbathing (weeks 3-8)
Excruciating

Disabling
Annoying 35%
Duration (h) 2.5-7.5
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V. The Burden of Pain from Behavioral Deprivation

Figure 1 shows the estimated time endured at each level of pain intensity by an “average” fast- and
slower-growing broiler chicken (see Box 8 for a definition) as a result of the deprivation of
foraging/exploration, perching/roosting and dustbathing. In this case, the times in pain at each
intensity level endured by birds are weighted by the estimated proportion of birds affected. In all
cases, estimated times are based on the pain-tracks justified previously. The estimates consider the
uncertainty regarding intensity of pain and duration of each time segment in the pain-tracks,
propagated through the model. However, if the reader wants to change any of the assumptions, an
interactive web application can be used for this purpose, available at https:/pain-track.org/broilers.
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Figure 1. Total time endured at each level of pain intensity (hours) by an “average” broiler chicken as a result of
behavioral deprivation. Error bars represent 95% uncertainty intervals.

Overall, differences between fast- and slower-growing birds (ADG: ~45-46 g/day) in the estimated
time in pain due to the potential frustration emerging from behavioral deprivation are small. The
small differences in the time spent in pain between fast- and slower-growing birds emerge mostly
from differences in their lifespan. As shown in the Figure, the impact of the deprivation of the
opportunities to forage and explore, perch and dustbathe is restricted to lower levels of intensity
given (1) the observation that the ability to function, in terms of performing important maintenance
behaviors such as eating and drinking, is not substantially disrupted and (2) the current lack of
measurable negative impacts of their deprivation on broiler welfare. Evidence on the extent to which
deprivation of these behavioral opportunities has a negative impact on welfare is therefore critically
needed. We hope the many data gaps discussed in this Chapter are helpful in motivating further
research.
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Box 3 Time in Pain endured by the Average Population Member

Although pain inherently concerns individuals, we operationally accept that the collective
welfare of the members of a population can also be determined. Measuring cumulative pain at
the population level is also necessary to account for the heterogeneity in the exposure of
population members to different challenges. For example, while lameness is experienced by a
large fraction of broiler chickens (Chapter 2), events such as fatal cases of ascites are only
experienced by a few individuals.

Therefore, measurement efforts must consider the prevalence of each welfare challenge, so that
pain is determined for the average member of the population (which may not necessarily
correspond to any real organism). At the population level, the time spent at each level of pain
intensity as a result of each challenge is determined by multiplying it by its prevalence. For
example, if a condition causes 10 hours of Disabling pain and 70% of the population is affected,
then the average member of this population could be said to experience 7 hours of Disabling
pain due to the condition. Measurements at the population level enable comparing the impact of
different practices and conditions across demographics, geographies and time.
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VI. Research Gaps and Opportunities

The strength of broilers’ motivation to forage, perch and dustbathe must be better
established, both for fast- and slower-growing broiler breeds. Operant and preference
testing (e.g., demand elasticity experiments - which reveal the ‘price’ an animal is willing
to pay to access a resource or opportunity - or choice tests), along with the study of
behavioral or physiological changes following deprivation of access to resources (e.g.,
elevated surfaces, dusty substrate) would allow for a better understanding of broilers’
motivation to perform motivated behaviors and the welfare impact of their deprivation.

Data on the overnight behavior of broilers is limited, a period when perching and roosting
motivation may be the greatest. Therefore, the welfare impact of the inability to roost as
well as the effects of rest disruption remain largely unknown.
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