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The extent to which an animal is affected by the pain or distress of a conspecific will depend on its

capacity for empathy. Empathy most probably evolved to facilitate parental care, so the current study

assessed whether birds responded to an aversive stimulus directed at their chicks. Domestic hens were

exposed to two replicates of the following conditions in a counterbalanced order: control (C; hen and

chicks undisturbed), air puff to chicks (APC; air puff directed at chicks at 30 s intervals), air puff to

hen (APH; air puff directed at hen at 30 s intervals) and control with noise (CN; noise of air puff at

30 s intervals). During each test, the hens’ behaviour and physiology were measured throughout a

10 min pre-treatment and a 10 min treatment period. Hens responded to APH and APC treatments

with increased alertness, decreased preening behaviour and a reduction in eye temperature. No such

changes occurred during any control period. Increased heart rate and maternal vocalization occurred

exclusively during the APC treatment, even though chicks produced few distress vocalizations. The pro-

nounced and specific reaction observed indicates that adult female birds possess at least one of the

essential underpinning attributes of empathy.
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1. INTRODUCTION
The extent to which animals are affected by the distress of

conspecifics is of high relevance to the welfare of farm and

laboratory animals. Individuals may be exposed to situ-

ations in which they experience visual, olfactory and

auditory cues from conspecifics that are distressed or in

pain, during routine procedures, transport and slaughter.

Their reaction to this exposure will depend on their

capacity for empathy.

Empathy can be defined as the ability to be affected

by, and to share, the emotional state of another [1]. It

can be categorized into different levels [1–3] and

has been defined as ‘a multi-level construct extending

from simple forms of emotional contagion to complex

forms of cognitive perspective taking’ (p. 855 of [4]).

The simplest form of empathy, emotional contagion, is

an automatic emotional response resulting in a similar

emotion being aroused in the observer as a direct result

of perceiving the expressed emotion of another [1–3].

This can lead to physiological and behavioural responses,

and involves ‘state-matching’—when the emotional state

of the observer ‘mirrors’ that of the object. Although

birds have not been traditional subjects in this area,

recent work suggests a more sophisticated capacity

for emotional response to conspecifics than previously

realized [5,6].

However, even the apparently simple process of

emotional contagion appears to be context-specific. For

example, female mice show more freezing behaviour

when exposed to the pain of a close relative than when

exposed to the pain of a more distant relative [7],

suggesting it may serve an adaptive function. If so,
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empathy may be expected to facilitate parental care in

particular, with parents reacting to the distress of their

offspring in a manner that improves offspring viability

and reproductive success [1]. Studies in this area are

few, but changes in maternal behaviour in response to

offspring pain have been noted in rats [8].

We used chickens as a model species because, under

commercial conditions, chickens will regularly encounter

conspecifics showing signs of pain or distress owing to

routine husbandry practices or because of the high preva-

lence of conditions such as bone fractures [9] or leg

disorders [10]. In addition, there is considerable back-

ground work on their maternal behaviour [11–13].

Hens pay considerable attention to their chicks’ behaviour

and are sensitive to situations where their chicks make

apparent mistakes, altering their maternal feeding display

when they perceive their chicks to be eating unpalatable

food [14]. This suggests that chickens have a cognitive

sensitivity to potential offspring distress, but it is

unknown whether they experience an emotional response

that could be regarded as empathic.

The current study aimed to provide information on the

behaviour and physiological responses of hens while wit-

nessing their chicks being exposed to a mildly aversive

stimulus. In particular, as well as general behaviour,

heart rate and heart rate variability were used as indi-

cators of sympathetic and parasympathetic nervous

system activation. Additionally, surface temperatures of

the eye and comb were used to detect possible stress-

induced hyperthermia (SIH). If hens can react to their

chicks’ situation and/or behaviour in response to an

aversive stimulus, this would provide an important platform

for further investigation into the nature and affective valence

of such responses, and ultimately whether chickens show

the capacity for empathy.
This journal is q 2011 The Royal Society
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2. METHODS
(a) Animals and housing

Thirty-two female chickens aged 50–60 weeks, from two tra-

ditional breeds chosen for their increased likelihood of

becoming broody (Light Sussex, n ¼ 22; Cotswold Legbar,

n ¼ 10), were group-housed in a floor pen (4 � 4 m),

bedded with 5 cm of wood shavings, containing nest-boxes

and perches. Upon arrival, the temperature in the room was

198C and the lighting schedule was 12 L : 12 D. Ad libitum

layers mash was provided from two suspended feeders and

water from two suspended drinkers. The hens were housed

with two male Light Sussex chickens to fertilize their eggs.

To encourage broodiness, four infertile eggs were kept in

each nest-box. Temperature was increased by 18C and light

period by 1 h every two weeks for eight weeks, until a steady

state of 238C and 16 L : 8 D was reached. The hens were

then checked three times per day and classified as broody if,

during all checks for 2 days, they remained in the nest-box,

displayed aggressive behaviour and emitted a characteristic

high-pitched vocalization when approached by humans.

(b) Brooding

Broody hens were moved to an adjacent room and housed

individually in a pen (100 � 50 � 60 cm) containing a nest-

box, a feeder containing layers mash and corn (75% layers

mash : 25% corn), and a drinker. The nest-box was bedded

with 2 cm of shavings, peat and straw, and contained six infer-

tile eggs. Once the broody hens sat for the majority of their

time on the infertile eggs for 24 h, these were swapped with

12 fertile Light Sussex eggs and the hens were allowed to incu-

bate these until hatching. Throughout this period, hens were

encouraged to leave the nest-box daily to feed and drink.

Over a period of five months, six Light Sussex and eight

Cotswold Legbar hens successfully incubated their eggs.

Brood size ranged from four to eight chicks.

(i) Week 1

Each hen and her brood of chicks were transferred to a pen

(100 � 100 � 60 cm) bedded with 2 cm of shavings, contain-

ing a nest-box, perch, a drinker, a feeder containing layers

mash and a chick feeder containing chick crumbs. The hen

and chicks were checked three times per day but were not

handled further until week 2.

(ii) Week 2: habituation

Each day, for 5 consecutive days, each hen and brood were

habituated to the test procedure and apparatus. To prepare

hens for non-invasive heart rate monitoring, each hen was

fitted with a harness containing material within a pocket,

the weight of which was gradually increased until it matched

the weight of the heart rate monitor. The harness was made

from elastane, fitted around the back and tail and between

the legs, and secured behind the neck with hook and loop

fastenings, allowing free limb movement. The pocket was

positioned over the hen’s back. On days 4 and 5, self-

adhesive electrode sensors (Ambu Blue sensor M-00-S)

were applied before fitting the harness; each hen was gently

placed on her back, two small sections of skin overlying the

pectoralis muscle either side of the sternum were cleaned

using surgical spirit and cotton wool, and the electrode

sensors were applied to the cleaned skin. On day 5, a non-

invasive telemetric logging system [15] was placed in the

pocket and connected to the sensors on the hens’ skin

using two attached wires.
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After the fitting process, the hen and her chicks were

placed in the test apparatus and left undisturbed for a

period of 20 min. The test apparatus was a 100 � 50 cm

wooden structure divided into two sections; the hen box

and the chick box, which were separated by a clear Perspex

screen. After the 20 min period, the harness was removed.

(iii) Weeks 3–4: testing

Hens were tested on consecutive days for 4 days per week, for

two weeks, making up two replicates. Each hen was assigned

to one treatment condition (control, C; air puff to chicks,

APC; air puff to hen, APH; or control with noise, CN) per

day of testing, such that hens experienced all four conditions

in a randomized order across each consecutive 4 day testing

replicate.

(c) Settling period

Each day, hens were fitted with the heart rate monitor (see

above), then placed into the hen box. The hen’s brood of

chicks was then placed into the chick box and a 5 min settling

period commenced. After this, hens were exposed to one of

four conditions:

— Control (C). Hen and chicks were left undisturbed for a

period of 20 min. For consistency with the other three

conditions during analysis, this condition was split into

a notional 10 min pre-treatment period and a 10 min

treatment period, although no specific treatment was

applied.

— Air puff to chicks (APC ). After a 10 min pre-treatment

period, during which the hen and chicks were left undis-

turbed, a 10 min treatment period began in which an air

puff from a canister of inert compressed air (Sprayduster,

AF International, UK) was sprayed into the chick box for

1 s every 30 s.

— Air puff to hen (APH). After the 10 min pre-treatment

period, a 10 min treatment period began in which the

air puff was sprayed into the hen box for 1 s every 30 s.

— Control with noise (CN). After the 10 min pre-treatment

period, a 10 min treatment period began in which the

air puff was sprayed from the same location as APC but

was directed away from both the hen and chick boxes,

so that the hen was subject only to the noise of the air

puff. This occurred for 1 s every 30 s.

Immediately after each test the harness and heart rate

monitor was removed.

3. PHYSIOLOGICAL AND BEHAVIOURAL
RESPONSES
All physiological and behavioural parameters were moni-

tored throughout the pre-treatment and treatment periods

for all four conditions.

(a) Physiology

A thermal imaging camera (ThermaCam E4, FLIR) was

used to capture a thermal image of the hen’s head every

1 min, and maximum eye and comb temperature were

obtained using ThermaCam Reporter 2000 Professional.

A time window of 5 s at either side of the 1 min mark was

allowed to ensure a clear image of the side of each hen’s

head was obtained. Distance from the hen was main-

tained at 1 m and the thermal camera was set to an

emissivity of 0.96. The ambient temperature of the testing

room was maintained at 238C.



Table 1. Physiological and behavioural responses (mean and standard error (s.e.)) of the hens during the pre-treatment (Pre)

and treatment (Treat) periods of the four conditions (C, control; APC, air puff to chicks; APH, air puff to hen; CN, control
with noise).

C Pre C Treat APC Pre APC Treat APH Pre APH Treat CN Pre CN Treat

physiology heart rate (b.p.m.) 288.98 282.28 287.30 304.83 288.22 293.21 289.83 280.26
s.e. 7.93 9.14 6.98 6.98 7.39 22.22 6.81 6.66
eye temperature (8C) 33.83 34.18 33.67 33.12 33.65 32.60 33.81 34.01
s.e. 0.20 0.30 0.30 0.32 0.37 0.22 0.28 0.29
comb temperature (8C) 36.18 36.90 35.39 35.39 36.25 35.33 36.73 37.17

s.e. 0.72 0.69 0.71 0.69 0.76 0.73 0.55 0.60
behaviour stand alert (% time) 29.16 34.06 40.14 57.54 37.18 66.32 41.75 35.22

s.e. 5.12 6.35 7.38 8.58 6.34 6.42 7.55 5.80
preen (% time) 41.56 36.05 35.70 18.67 37.91 7.53 35.25 36.57

s.e. 6.23 6.15 4.94 5.60 7.07 2.69 7.19 4.61
total vocalizations (% time) 0.04 0.06 2.47 11.23 0.01 3.24 0.95 0.26
s.e. 0.04 0.06 1.75 6.41 0.01 1.44 0.95 0.17
maternal cluck (% time) 0.04 0.06 1.69 8.61 0.01 0.54 0.47 0.19
s.e. 0.04 0.06 1.14 4.56 0.01 0.41 0.47 0.17
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Heart rate data were obtained and analysed using a

non-invasive telemetric logging system and software

[15]. Heart rate variability was calculated using Spike 2

(Cambridge Electronic Design, UK). Owing to technical

difficulties, it was not possible to obtain a complete set of

heart rate data for two hens, so these were excluded

from heart rate analysis.
(b) Behaviour

Hen behaviour, hen vocalizations and chick distress voca-

lizations were recorded continuously using a video camera

positioned over the test apparatus. Videos were analysed

using OBSERVER v. 5.0 (Noldus). All the behaviours and

vocalizations listed by previous authors ([16] and [17],

respectively) were included, using the same descriptors.
(c) Statistical analyses

Heart rate measured in beats per minute (b.p.m.) was

calculated every minute. Heart rate variability as the

square root of the mean of the sum of the squares of

differences between successive inter-beat intervals

(RMSSD) and standard deviation of the inter-beat inter-

vals (SDNN) was calculated every 2 min. Heart rate,

heart rate variability and temperature data were averaged

over each 10 min period to produce one data point per

10 min period. The durations (percentage of time) of all

performed behaviours and vocalizations were calculated

for each 10 min period.

Data were analysed using PASW STATISTICS v. 17. All

data were checked for normality using a Kolmogorov–

Smirnov test and all non-normal data were transformed

using the formula x ¼
p

(x þ 0.5). A repeated-measures

ANOVA was conducted with condition and period as

within-subjects factors. Post hoc tests (least significant

difference) were conducted in the event of a significant

interaction effect from an ANOVA, during which pre-

treatment and treatment periods were compared for

each condition. A mixed between-within-subjects model

was able to consider the influence of two additional

factors: (1) the order of testing and hence the prior

experience of the hens (namely whether hens received
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(i) APC before APH (n ¼ 7) or (ii) APH before APC

(n ¼ 7)); and (2) the breed of the hens ((i) Light Sussex

(n ¼ 6) or (ii) Cotswold Legbar (n ¼ 8)). Spearman’s

rank order correlations were used to test for associations

between hen vocalizations and chick distress vocalizations.
4. RESULTS
Table 1 shows the physiological and behavioural responses

of hens to each condition.

(a) Physiological recordings

During C and CN, there were no significant differences in

heart rate, heart rate variability and eye temperature

between the pre-treatment and treatment periods.

For heart rate (figure 1), there was a significant inter-

action effect between condition and period (Wilks’s

Lambda ¼ 0.409, F3,9 ¼ 4.898, p ¼ 0.038, partial eta-

squared ¼ 0.591) with a significant increase between the

pre-treatment and treatment period for APC. There was

no significant increase in the heart rate for APH.

A significant interaction effect between condition and

period was also noted for eye temperature (figure 2;

Wilks’s Lambda ¼ 0.372, F3,11 ¼ 6.188, p ¼ 0.010, par-

tial eta-squared ¼ 0.628) and comb temperature

(Wilks’s Lambda ¼ 0.303, F3,11 ¼ 8.448, p ¼ 0.003, par-

tial eta-squared ¼ 0.697). Specifically, eye temperature

decreased between the pre-treatment and treatment

period for APC and APH, and comb temperature

decreased between the pre-treatment and treatment

period for APH. Conversely, there was an increase in

comb temperature between the pre-treatment and

treatment periods for C.

There was no significant interaction effect between

condition and period for heart rate variability.

(b) Behavioural observations

There were no significant differences between the pre-

treatment and treatment periods for any behaviour

during C and CN.

There was a significant interaction effect for preen-

ing (Wilks’s Lambda ¼ 0.073, F3,11¼ 46.334, p¼ 0.000,
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partial eta-squared¼ 0.927), standing alert (Wilks’s

Lambda ¼ 0.194, F3,11¼ 15.276, p¼ 0.000, partial eta-

squared¼ 0.806), total vocalizations (Wilks’s Lambda ¼

0.487, F3,11¼ 3.869, p¼ 0.041, partial eta-squared¼

0.513) and maternal clucking (Wilks’s Lambda ¼ 0.641,

F3,11¼ 7.286, p¼ 0.018, partial eta-squared ¼ 0.359),

with an increase in time spent standing alert and vocalizing,

and a decrease in time spent preening between the

pre-treatment and treatment periods during both APH and

APC. Maternal clucking increased between the pre-

treatment and treatment periods exclusively during APC.

There was no significant interaction effect between

condition and period for alarm calling, walking, ground
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pecking, sitting alert or any other behaviour. Similarly,

there was no significant interaction effect for total

number of behaviours, time spent in different areas of

the hen box or movements between the different areas.

(c) Order of testing

The order of testing had no influence on the hens’

response to the conditions.

(d) Breed

The hens’ breed had no influence on their response to the

conditions.

(e) Chick distress vocalizations

For chick distress vocalizations, there was no interaction

effect between condition and period. Chick distress call-

ing was not correlated with either maternal vocalizations

or vocalizations by the hen in general throughout the

conditions.
5. DISCUSSION
During the C condition, no significant changes were

observed in hen behaviour or physiology between the

pre-treatment and treatment periods. The CN condition

similarly had no effect, indicating that extraneous stimuli

associated with the air puff (e.g. sight of apparatus and

noise of puffing action) did not, by themselves, have any

manifest effect on the hens, either directly or associatively

via a learned connection with the air puff sensation itself.

It is therefore likely that the response of the hens to APC

was directly relevant to the chicks’ situation, rather than

simply being a response to a peripheral feature of the air

puff. The air puff was selected for the use as a putative

stressor during APH and APC, and the behavioural and

physiological changes occurring in response to APH indi-

cate that it fulfilled its role, to the extent that it induced

changes consistent with ‘emotional stress’ [18,19] and be-

havioural responses observed in negatively valenced

situations [20].

Hens showed a similar set of behavioural and physio-

logical changes to both APH and APC. During the

hens’ exposure to the air puff (APH), eye and comb

temperature decreased, time spent preening decreased

and time spent standing alert increased. During the

chicks’ exposure to the air puff (APC), hens showed a

decrease in eye temperature and time spent preening,

and an increase in heart rate and time spent standing

alert. Increased standing alert and decreased preening

therefore occurred during both APH and APC, and it

seems likely that the two changes are related. Standing

alert facilitates a number of functions; it might allow

hens to pay attention to stimuli such as conspecifics, pre-

dators or potential food sources. In domestic chickens,

time spent standing alert is associated with higher levels

of fear in response to novel object, open field and predator

tests [21]. Lower levels of preening have been observed in

negatively valenced situations such as behaviourally

restrictive housing [22,23]. Hens also selectively avoid

environments associated with high levels of standing

alert and low levels of preening [16]. In the present

study it seems likely that hens increased their vigilance

by decreasing preening and increasing time spent
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standing alert in response to both an air puff directed

towards themselves and towards their brood of chicks.

Eye temperature decreased during both APH and APC,

and comb temperature decreased exclusively during APH.

The phenomenon of SIH is thought to occur in numerous

species and is characterized by an increase in core body

temperature of between 0.5 and 1.58C within 10 min of

the onset of emotional stress [24], occurring irrespective

of any physical activity [25]. During SIH, vasoconstriction

in the peripheries causes a decrease in surface body temp-

erature. It has been suggested that this mechanism might

have two functions; to redistribute blood to more impor-

tant organs (e.g. the muscles and brain) and to prevent

blood loss owing to potential injuries in the peripheries

[26]. Decreased surface body temperature has been

found in response to apparent emotional stress in sheep

[27] and cattle [18]. Similarly, rats show a decrease in

tail temperature in response to restraint in a restraining

tube [26]. Very little has been published on the effects of

relevant stressors on eye or comb temperature in chickens,

but the patterns of change seen in the current study are

consistent with the features of SIH.

It is also interesting to consider the differences in response

to APH and APC. Hens’ heart rate increased following their

chicks’ exposure to the air puff (APC), and not following

APH. An increased heart rate is a general feature of the sym-

pathetic nervous system response, and is commonly

associated with physical exertion or preparation for such

exertion. However, physically demanding behaviours, such

as walking or flapping wings, were not features of the hens’

response to APC. Indeed, maternal clucking was the only

behaviour to occur exclusively in response to APC and, as

this does not require significant body movement, it is unli-

kely to have been the cause of the heart rate change. It

could also be argued that the heart rate response to APC

might have been caused by a change in posture; hens spent

more time standing alert (with head and neck upright) and

less time preening (with head and neck in a downward pos-

ition). However, these changes were also observed in

response to APH, during which heart rate did not increase

significantly. Therefore, it is unlikely that the heart rate

increase occurred in response to physical activity or changes

in posture, and may be more indicative of a preparatory state

(aroused readiness to act) in response to the chicks’ situation.

Maternal clucking occurred exclusively in response to

APC. Maternal clucking, also termed the ‘follow me

call’ [28], is emitted by the hen to stimulate following

behaviour in the chicks [17,28,29]. It has also been

found to enhance memory retention during discrimina-

tive learning in chicks [28]. The authors suggest that

the acoustic qualities of this type of call stimulate chicks

to store information about events occurring around the

time it is emitted. It seems plausible in the current

study that mother hens would call their chicks towards

them and away from the perceived danger of the air

puff, despite them being physically separated during test-

ing. Additionally, enhancement of the chicks’ memory

about what to do if this event occurred again in the

absence of the mother would prove adaptive. Interest-

ingly, maternal clucking was not a feature of the

response to APH, so its presence in APC may be relevant

to the hens’ perception of the two situations (i.e. that the

air puff to the chicks required a different response from

the air puff directed at the hens themselves).
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A more parsimonious possibility is that the increased

maternal clucking by the hens during the APC treatment

period was simply an automatic response to distress calling

by the chicks. However, the data do not support this; during

APC there was no significant increase in chick distress voca-

lizations between the pre-treatment and treatment period,

and there was no correlation between chick distress calls

and vocalizations made by the hens. Other aspects of

chick behaviour were not recorded, so we cannot speculate

as to the exact cues that stimulated the hens’ responses, but

the feature of their chicks’ distress-induced behaviour that

the hens are sensitive to remains an interesting topic for

further study.

It is important to consider whether the behavioural

and physiological responses in this study are indicative

of a valenced response (i.e. a positive or negative

response), as would be necessary to label it as ‘emotional’

and thereby ‘empathic’. Some of the physiological and

behavioural changes discussed have previously been

used as signs of an emotional response in animals

[19,20], and we have shown independently that adult

hens will work to avoid environments associated with

some of the behavioural changes that were observed

during the APC and APH conditions in this experiment

[16]. However, direct evidence would be required to con-

clude that the hens’ response to APC was negative, as it

might simply indicate a non-valenced, and thus non-

emotional, reaction (akin, for example, to ‘arousal’,

‘interest’ or ‘heightened attention’) to the behaviour of

their chicks. Future research should focus on methods

to determine the valence of the responses of farmed

animals to perceived conspecific distress.
6. CONCLUSION
The presence of specific behavioural and physiological

changes in hens observing their chicks being exposed to

a mildly aversive stimulus indicates a responsive capacity

that is distinguishable from the hens’ own experiences

of the same stimulus. It can therefore be concluded that

adult female birds possess at least one of the essential

underpinning attributes of ‘empathy’: the ability to be

affected by, and share, the emotional state of another [1].

However, it is not possible from this study to conclusively

differentiate between a non-evaluative behavioural and

physiological response (akin, for example, to ‘interest’ or

‘heightened attention’) and one that is accompanied by a

valenced, emotional component1 (i.e. positive/reinforcing

or negative/punishing [30]), the latter being an important

requirement for the demonstration of ‘emotional contagion’.

Despite this, the current study provides an important plat-

form to investigate the possible empathic responsiveness of

chickens using methods to determine both the valence of

the response and further cognitive features of the state

generated while observing conspecific distress.
This project was funded by the BBSRC Animal Welfare
Initiative. This project was carried out following university
ethical approval.
ENDNOTE
1In using the term ‘valenced, emotional component’ the authors do

not necessarily imply an associated conscious experience (see

[31,32]).
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