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Dear all, 
 
Please find attached a short summary of my design for the next 
experiment. 
 
My hypotheses are: 
 
In short: 
Domestic chickens respond preferentially to reward-associated 
vocalisations over: 
a) a control sound (A pure tone  at the same average frequency as the 
reward-associated calls) (Experiment 2) 
b) a synthetic sound ( composed of chicken vocalisation with certain 
parameters changed) (Experiment 3) 
 
In more detail 
- Domestic chicken behaviour changes when they perceive the 
vocalisations of other chickens recorded in anticipation of rewards
- Domestic chickens demonstrate behaviour consistent with anticipation 
of rewards when they perceive vocalisations of chickens recorded in 
anticipation of rewards, despite the absence of rewards.  
 
I have attached a short summary of my design which I would be very 
grateful if you could have a look at
 
I would also really appreciate it if you would comment on the following:
 
Pairs or individuals?
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Hypothesis

Domestic chickens respond preferentially to reward-associated vocalisations over
a) control sounds (1st control: A pure tone  at the same average frequency as the calls of anticipation (Experiment 1) 
b) a synthetic sound ( composed of chicken vocalisation with certain parameters changed) (Experiment 2)

Design
I will generate 12 different reward-associated vocalisations and expose each individual (or each pair) to these vocalisations
In addition, I will generate 20 control sounds with the same temporal pattern as the reward associated vocalisations.

12 individual chickens (or 24 chickens in pairs) will be exposed to these 12 different reward-associated vocalisations and 12 control sounds.
The design will be repeated using a synthetic chicken vocalisation in the 2nd experiment.

Day 1 Habituation

Day 2 Test Day

Day 3 Test Day

 

Procedure

1 minute familiarisation

2 minutes pre-stimulus observation

2 minutes stimulus broadcast

2 minutes post-stimulus observation



Analysis

I will use General Linear Mixed Models to test the influence on the playbacks on the subject behaviours :

 

Fixed effects

-          Stimulus repertoire 

-          Stimulus order



Random effects

Bird ID



Outcome variable

Specific behaviour of the bird
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In domestic pigs, vocalisation can be an indicator of distress and negative emotional states. It might play a role
in the transfer of emotion between individuals (‘emotional contagion’ or ‘empathy’), which could result in
impaired animal welfare on a group level based on the distress in an individual member of the group. The aim
of this study was to characterise the responses of pigs to conspecific distress calls. We performed a playback
experiment in an open arena with 24 juvenile German Landrace pigs, during which individual subjects were
exposed to both conspecific distress calls and an artificial sine tone (control) on consecutive experimental
days. Both behavioural (locomotion, vocalisation, elimination and distance to the speakers) and physiological
responses (heart rate and heart rate variability) were measured for 2 min before, during and after the
playback of the stimuli (distress calls/control). Subjects showed decreased locomotion and vocalisation rates
during both stimuli, suggesting that the animals responded to both stimuli. Heart rates decreased at the onset
of both stimuli due to an activation of the parasympathetic system, indicating an orientation response to
sudden stimuli. However, heart rates decreased after the end of the distress calls but not after control stimuli,
illustrating that conspecific calls and other sounds are evaluated differently. We conclude that pigs exposed to
isolation are attentive to conspecific distress vocalisation and hence the information about threat possibly
conveyed in it, but they do not share the distress of the caller. Therefore, we could not find direct effects of
distress calls of unfamiliar conspecifics on the welfare of isolated juvenile pigs. However, the state of
heightened attention elicited by conspecific distress calls may affect a pig's subsequent evaluation of its
environment.
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1. Introduction


Emotions reflect the state of an animal at the individual level.
Along with other criteria, such as the five freedoms [1], they play a
role in the current concepts of animal welfare, in which the avoidance
of suffering, i.e. strong or persistent negative emotions, is emphasised
[2]. The individual is motivated to show behaviours that lead to the
avoidance of negative emotional states, while positive states are
strived for, enhancing the welfare and fitness of the animal [3,4].


Although emotions act within the individual, they can have a social
dimension. It has been repeatedly shown that humans and non-
human animals can show a sharing of emotions [5,6]. This
phenomenon is called emotional contagion or empathy, with the
term empathy often used when insight into another individual's
emotional state is implied while emotional contagion does not
comprise such high levels of cognition [7]. It can even result in

animals imposing harm on themselves in order to prevent a
conspecific from suffering [8]. If negative emotional states elicited in
one individual cause similar negative states in other animals,
individual emotional states could have pronounced effects on animal
welfare at the group level, because the distress would not only impair
the welfare of the stressed animal, but also of bystanders. In farm
animals, this could cause problems for both animal welfare and
productivity in livestock husbandry [9–11]. Chen et al. observed
changes in the heart rates of mice that observed distress in
conspecifics [6]. They suggest that distress vocalisations play a central
role in the transfer of negative emotional responses.


Acoustic signals are assumed to convey information about the
state of the signaller, such as its arousal [12], motivational state [13],
emotional state [14,15], or physical characteristics [16,17]. This
information is coded in the characteristics of the signal. Although
the context of vocalisation can be used as an indicator of the motives
for calling, the meaning of such calls with regard to intraspecific (or
interspecific) communication can only be evaluated based on both
context and responses of the receivers [18,19]. For example, certain
types of vocalisation are considered alarm calls, as they are produced
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upon the sight of a predator and elicit flight responses in nearby
conspecifics or even in members of different species [20–25]. We
assume that alarm calls are a subtype of distress calls, because the
calling subjects are most probably in a state of stress when seeing the
approaching predator. Furthermore, the reactions of the receivers of
such calls can also be interpreted as displays of distress. Therefore,
stress-related acoustic communication can cause transmission of
distress from the sender to the receiver(s), whichmight be considered
emotional contagion.


The aim of this studywas to characterise the responses of domestic
pigs to a conspecific vocalisation produced in a clearly defined,
stressful context in order to evaluate the potential meaning of
acoustically mediated emotional contagion on animal welfare in this
species. Domestic pigs are highly social and have a complex system of
acoustic communication. To date, several studies have examined
vocalisations produced by pigs in stressful contexts [10,26–28]. The
vocalisations correlate with behavioural and physiological indicators
of distress [10,29–32]. However, the information conveyed by some of
those vocalisations remains unclear. In a recent study [33], we found
that the distress vocalisations of pigs contain detailed information
concerning the quality of the stressor eliciting the calls. In fact, the
mental component of the evaluation of an anticipated aversive
stimulus could be detected in the respective calls. Moreover, Puppe
et al. [26] demonstrated that pain is encoded in the distress calls
during castration. In pig production, there are controversial anecdotic
reports on the propagation of stress-related vocalisations across a
whole group. For example, there are reports of non-responding pigs
standing by a screaming conspecific during castrations. In contrast, a
spreading of stress responses has also been reported: when a single
animal starts screaming in an abattoir, other individuals nearby will
join in. However, a simultaneous response to a commonly shared
situation might be more likely to elicit simultaneous vocalisation.


We tested the effects of conspecific distress calls on juvenile pigs
using a playback paradigm. In an open field setting, conspecific calls
produced during physical restraint were broadcast, and the beha-
vioural responses and heart rate/heart rate variability of the receiving
pigs were observed. This design allowed for a detailed analysis of
overt and covert reactions, including responses of the autonomous
nervous system. Screams caused by restraint are harmonic vocalisa-
tions [34]. They might serve to express fear. In the wild, they might
signal an attack by a predator and induce flight behaviour [23]. If this
is the case, subjects should show avoidance or alertness in response to
the playback of screams. On the other hand, a scream could serve no
intraspecific function but instead function as a so-called ‘pursuit-

Fig. 1. Spectrograph of three distress calls used in the experime

deterrent signal’ directed towards a predator [35,36], thus inducing no
behavioural changes in conspecifics.


The combined analysis of heart rate and heart rate variability
provides insight into the working of the two branches of the
autonomous nervous system, the sympathetic and parasympathetic
(vagal) system [37,38]. The majority of studies show that stressors
elicit an increase in heart rate caused by the activation of the
sympathetic system, which is indicative of a state of arousal. However,
a drop in heart rate (i.e. bradycardia) can be associated with freezing
behaviour or orienting responses to novelty caused by increased vagal
activity [39,40]. Accordingly, attentive behaviour would be accompa-
nied by an activation of the parasympathetic system [41].


We hypothesised that conspecific distress calls would elicit both
subtle behavioural and more pronounced physiological responses in
juvenile pigs, leading to a state of attention and/or distress.


2. Methods


2.1. Animals and housing


Experiments were performed in three consecutive trials. The
subjects were 24 female, 6-week old German Landrace pigs from
different litters (trial 1: n=6; trial 2: n=8; trial 3: n=10). They were
housed with conspecifics of the same age in mixed-sex groups of
approximately 10 animals. The housing consisted of flat decks
measuring 3×2 m with fully slatted plastic floors with a solid heated
area in themiddle. All subjects had been weaned at 28 days of age and
had been in their current groups for approximately two weeks at the
time of the experiments. While all subjects for a single trial were
housed in the same room, only up to five were housed in the same
pen. Thus, we reduced the disturbances caused by the experiments
(primarily the capturing of the subjects).


2.2. Playbacks


Playbacks were generated using two types of stimuli embedded in
artificial silence for pre- and post-stimulus observations. The stimuli
consisted of either distress calls or an artificial sound for the control
treatment.


The distress calls used for the playbacks were taken from recordings
performed during immobilisation stress caused by tethering 20
individual pigs in a restraint stand for 10 min (microphone: Sennheiser
ME64/K6, recorder: Marantz PMD 670; sampling rate: 44.1 kHz,
accuracy: 16 bit, mono; see Fig. 1 for an exemplary spectrograph;

nts (lower graph) and the referring control (upper graph).







Fig. 2. Sketch of the experimental room and open field. The open field measured 2.8 by
2.8 m and was lined by 1.4 m high wooden walls. Observations were made from an
elevated chair beside the corner depicted on the lower left. On the lower right corner,
the door is indicated.
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mean peak frequency as measured in another study [42]: 2.38 kHz,
n=200). All recordings were performed in the same room with noise
dampening walls to optimize the recording conditions. Stimulus
animals were unrelated and unfamiliar to the study subjects, but were
of the same age and sex (6-week old females). Noise and periods of
silence longer than 2 s were clipped out and removed from the
recordings (software: Adobe Audition 3.0), and the resulting first
minute of distress calls was selected. It was repeated once, resulting in a
2-min stimulus, and 3 and 2 min of silence were added before and after
the stimulus, respectively (1-min familiarisation, 2-minpre-stimulus, 2-
min stimulus, 2-min post-stimulus; see Experimental procedure). Using
this method it was possible to generate 20 different distress call
playbacks with all distress calls within a playback from only one
stimulus animal. Four of the playbacks were broadcast to two subjects,
while the remaining sixteenwere only usedonce. Thismethodwasused
to minimise the possible effects of pseudoreplication [43,44].


For the control stimuli, a 500 Hz signal was used (Fig. 1). This
frequencywaswell below the peak frequency of the conspecific sound
but within the range of other porcine vocalisations (mean peak
frequencies vary from 359 Hz to 2.59 kHz [42]). Furthermore, it could
be broadcast at the same amplitude as the distress calls (other than
e.g. conspecific grunts) and is not known for eliciting any response by
itself, unlike white noise which elicits stress [45,46]. Control stimuli
were generated for each individual distress call stimulus. The
temporal pattern of sound was equal to the corresponding distress
call stimulus. Therefore, in both treatments the numbers of sounds as
well as the durations and mean amplitudes were the same, providing
for a high level of comparability.


All stimuli were broadcast with average amplitude of 74 dB at a
distance of 1 m and 0.5 m height (speakers: Sony SRS-Z 750), which
reflects natural amplitude levels.

Table 1
Definitions of observed behaviours. All behaviours were recorded as states.


Behaviour Definition


Locomotion Moving with at least three feet
Standing/sitting Standing with at least two feet steady/touching the


ground with the complete hind legs
Lying Touching the ground with all four legs and stomach
Wall contact Manipulation of the walls with the snout
Elimination Urination and defecation
Flight Jumping against the wall

2.3. The open field


The 2.8×2.8×1.4 m open field, which served as the experimental
arena, was placed in a room dampened for sound reflections (Fig. 2). A
personal computer equipped with The Observer software (Version
3.0, Noldus, Wageningen, The Netherlands) was placed next to one of
the corners. Two speakers were placed centrally on one wall at a
slightly downward angle. The open field was divided into three areas
of equal size by equidistant chalk lines parallel to this wall (areas 1, 2,
and 3, with area 1 closest to the speakers).


The open field was briefly cleaned between experiments and
thoroughly after each experimental day. The chalk marks were drawn
before the first experiment of the day, and redrawn between

experimental days. There was no need to refresh them between
experiments.


2.4. Experimental procedure


On the day before the first experiments, each subject was transported
to the experimental room once and placed in the open field individually
for 4 min in order to habituate to the experimental procedure (heart rate
measurement belts, transport box, start box, arena). On the two
consecutive experimental days, each individual subject received either
the distress call or the control treatment. Treatment order was
pseudorandomised and counterbalanced between experimental days.


On the experimental days, subjects were fitted with a heart rate
measurement belt (details see below) in their home pens. They were
then brought into the open field in a closed, wheeled, wooden box to
reduce their spatial orientation. The heart rate monitor was then fixed
on their backs with self-adherent medical tape (Fixomull® stretch, BSN
medical, Hamburg, Germany), and the animals were transferred to a
wooden enclosure in the middle of the open field. The enclosure
measured 1×1 m and was 50 cm high to prevent subjects from seeing
where the experimenter left the open field. The enclosure was then
lifted 2 m off the ground and both the observation and the playback
started simultaneously. After 3 min (1 min of familiarisation, followed
by a 2-min period of pre-stimulus observations) the distress calls or
control soundswere broadcast. These ended after a period of 2 min and
were followed by another 2-min period of post-stimulus observation.


2.5. Behavioural data


The behaviour of the subjects was observed based on six
categories: locomotion, standing/sitting, lying, wall contact, elimina-
tion, and flight (see Table 1 for definitions), with the area in which
they were performed as a modifier (continuous sampling). Addition-
ally, vocalisations were recorded (only ‘grunts’ occurred). The total
durations of all behavioural categories (across areas) and the number
of vocalisations were calculated for the 2-min periods corresponding
to the pre-stimulus, stimulus, and post-stimulus time-periods.


2.6. Heart rate measurements


Heart rate (R–R intervals, i.e. intervals between each heartbeat)
was measured using the Polar system (Monitor: S810i; Polar Electro
Oy, Kempele, Finland). The electrode strap was fixed directly behind
the front legs with both electrodes on the left side of the animal and
the transmitter in the “armpit”. Ultrasound transmission gel (Henry
Schein, Melville, NY, USA) was used to improve contact to the skin.


The data were corrected for artefacts (1-min sections; Software: Polar
PrecisionPerformanceSW,version4.03.040; settings:very lowsensitivity,
peak detection on, minimal protection zone of 20). Data sections with
more than 10% artefacts were excluded [37]. Mean heart rate and heart
rate variability parameters were calculated in 10-s intervals for the 2 min
of pre-stimulus, stimulus, and post-stimulus. The heart rate variability
parameters derived in the time domain were the standard deviation of
interbeat intervals (SDNN, indicator of both sympathetic and parasym-
pathetic activation), the rootmeanof the squareddistances of subsequent
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interbeat intervals (RMSSD, indicator of parasympathetic activation), and
the ratio of these two (RMSSD/SDNN, reflecting the balance of the
autonomous nervous system). The RMSSD was calculated as follows:


RMSSD =


ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑
n


k=1


in−in−1ð Þ2


n−1ð Þ


s


with


i1, i2 consecutive interbeat intervals,
n total number of interbeat intervals measured.


2.7. Statistical analyses


Statistical tests were calculated using GLIMMIX in SAS (SAS® 9.2,
SAS Institute Inc., Cary, NC, USA).


All analyses had the subject included as a repeated factor. For
pairwise comparisons, adjustments for repeated testing were applied
(Tukey–Kramer for behavioural data and Bonferroni for heart rate
data). The distribution of the data was considered in the models.


Behavioural data were calculated for the 2-min periods pre-
stimulus, stimulus and post-stimulus (summed across areas). These
data were analysed using a mixed effect model with period, stimulus,
day, and interactions for all factor pairs as fixed effects. In order to
avoid testing highly interdependent data of the times spent in the
three areas (sums of all behaviours in each area) raw data were
transformed into a single distance score value by adding the total
duration spent in area 1 with the duration spent in area 2 multiplied

Fig. 3. Least square means±S.E. of (a) locomotion, (b) vocalisation, (c) elimination and
differences within each period (before, during, and after stimulus) and within treatments a

by 2 and the time spent in area 3 multiplied by 3. This weighting
system leads to high values (maximum: 360) for animals that avoid
the area next to the speakers and low values (minimum: 120) when
the animals approach the speakers [47].


Heart rate measurements were calculated over 10-s intervals.
Based on these, mixed effects models were calculated with interval,
stimulus, day, and interactions for all factor pairs as fixed effects.
Additional pairwise comparisons (t-tests) were performed between
treatments for all intervals and within treatments for (a) the interval
before stimulus and each interval during stimulus and (b) the last
interval during stimulus and each interval after stimulus.


3. Results


3.1. Behaviour


Lying and flight were extremely rare (four and six times,
respectively) and, therefore, were excluded from further analyses,
along with wall contact because it occurred in less than 12% of the
observation periods. Pairwise comparisons between treatments in the
pre-stimulus period showed that none of the behavioural parameters
significantly differed between treatments in 2 min before stimuli
(Fig. 3). In addition, no behavioural parameter showed a significant
main effect of the interactions of stimulus and day or period and day
(Table 2).


3.1.1. Stimulus
Analyses of variance revealed a significant effect of the stimulus on


vocalisation, locomotion, distance score, and standing, but not on

(d) distance score in the 2-min periods before, during, and after stimulus. Statistical
re given (***=pb0.001; **=pb0.01; *=pb0.05; †=pb0.1).
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Table 2
Statistical results of the behavioural data (n=24 for all data except vocalisation, where
n=23).


Stimulus Period Day


F p F p F p


Distance score 5.87 0.017 0.66 0.521 0.92 0.339
Vocalisation 34.40 b0.001 21.69 b0.001 10.03 0.002
Locomotion 6.92 0.010 7.93 b0.001 6.29 0.014
Stand/sit 13.84 b0.001 18.24 b0.001 6.65 0.011
Elimination 1.65 0.202 7.86 b0.001 0.65 0.423


Stimulus×period Stimulus×day Period×day


F p F p F p


Distance score 1.24 0.295 1.76 0.198 0.21 0.808
Vocalisation 3.47 0.035 0.91 0.348 0.47 0.627
Locomotion 2.43 0.093 1.33 0.260 0.40 0.673
Stand/sit 2.46 0.090 1.78 0.195 0.06 0.943
Elimination 0.45 0.636 0.76 0.391 1.12 0.329


Table 3
Statistical results of the heart rate/heart rate variability data (n=24). Ratio is RMSSD/
SDNN.


Stimulus Interval Day


F p F p F p


Heart rate 0.11 0.741 6.52 b0.001 214.33 b0.001
SDNN 12.99 b0.001 3.33 b0.001 31.45 b0.001
RMSSD 1.87 0.172 5.46 b0.001 60.79 b0.001
Ratio 6.72 0.010 3.32 b0.001 0.48 0.490


Stimulus×interval Stimulus×day Interval×day


F p F p F p


Heart rate 1.75 0.004 2.23 0.151 0.95 0.558
SDNN 0.73 0.876 1.94 0180 1.32 0.102
RMSSD 1.07 0.360 2.20 0.154 1.56 0.020
Ratio 0.61 0.966 0.17 0.687 0.61 0.965
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elimination (Table 2). Across all periods, the duration of locomotion
was higher, while the duration of standing and the distance score
were lower during the control treatment (locomotion: n=24,
t=2.63, pb0.01; standing: n=24, t=−3.72, pb0.001; distance
score: n=24, t=−2.42, pb0.05).


3.1.2. Period
Main effects of period (before, during and after stimulus) were


found for vocalisation, locomotion, standing, and elimination, but not
the distance score (Table 2).


Across treatments, locomotion decreased after the onset of the
stimuli (n=24, t=3.94, pb0.001) and still tended to have shorter
duration after the stimuli thanbefore (n=24, t=2.26, pb0.1). Standing
decreased significantly after stimulus onset (n=24, t=−5.50,
pb0.001) and increased again after stimuli (n=24, t=4.62,
pb0.001). Similarly, elimination decreased after onset of stimuli
(n=24, t=3.84, pb0.001) and increased back to basal levels after
stimuli (n=24, t=−3.38, pb0.01).


3.1.3. Experimental day
Additionally, therewere significant effects of the experimental day on


vocalisation, locomotion and standing/sitting (see Table 2). In general,
locomotion and vocalisation decreased from day one to day two, while
standing/sitting increased (locomotion: n=24, t=2.51, pb0.05; vocali-
sation: n=23, t=3.17, pb0.01; stand/sit: n=24, t=−2.58, pb0.05).


3.1.4. Stimulus×Period
There was a significant main effect of the interaction of stimulus and


period on vocalisation rates (Table 2). Vocalisation decreased during the
period of stimulus presentation for both the distress call and the control
treatment (distress calls: n=23, t=5.87, pb0.001; control: n=23,
t=3.32, pb0.05; Fig. 3a). During the broadcasting of distress calls,
subjects vocalised significantly less than during the broadcast of control
sounds (n=23, t=4.95,pb0.001; Fig. 3b).After the stimulus, vocalisation
rates still tended to be higher in the control treatment (n=23, t=2.83,
p=0.061; Fig. 3b). Although the distances score was lower in controls
across periods, there was no significant difference between stimuli in any
of the periods (before: n=24, t=−0.44, n.s.; during: n=24, t=−1.14,
n.s.; after: n=24, t=−2.62, n.s.).


3.2. Heart rate measurements


The threeperiods before, during and after the stimuliwere separated
into 12 intervals of 10 s each. Therefore, intervals 1 to 12 were pre-
stimulus, intervals 13 to 24were during the stimulus, and intervals 25 to
36 were post-stimulus.

3.2.1. Stimulus
The mixed effect models revealed significant effects of stimulus on


SDNN and RMSSD/SDNN (Table 3). SDNN was higher in the control
condition, and hence RMSSD/SDNN was lower. However, none of the
heart rate/heart rate variability parameters showed significant
differences between stimuli within intervals.


3.2.2. Interval
All heart rate and heart rate variability parameters showed


significant effects of interval (Table 3).
Heart rate decreased at the onset of both stimuli (Fig. 4a). The


minimum heart rates were reached in interval 14, which occurs 11 to
20 s after the onset of the stimulus. In the control treatment, heart
rates reached the baseline value of the last interval before the
stimulus after 40 s (interval 17), while during distress calls, only the
minimum interval differed significantly from base levels. SDNN
peaked during both conditions in the first interval after the onset of
the stimuli (Fig. 4b). However, the increase as compared to the
interval immediately before the stimuli was only significant in the
control treatment for the first 10 s. RMSSD peaked in the second
interval after stimulus onset and differed significantly from the
respective values directly before stimulus onset in both treatments
(Fig. 4c). The ratio of RMSSD and SDNN differed between the pre-
stimulus interval and 11–20 s after the start of the distress stimulus
(Fig. 4d).


3.2.3. Experimental day
The experimental day had a significant effect on heart rate, SDNN, and


RMSSD, but not onRMSSD/SDNN (Table 3). On thefirst experimental day,
heart rate was higher (n=24, t=14.64, pb0.001), while SDNN and
RMSSD were lower (SDNN: n=24, t=−5.61, pb0.001; RMSSD: n=24,
t=−7.80, pb0.001).


3.2.4. Stimulus×Interval
There was a significant interaction of stimulus and interval with


heart rate, but not on any of the heart rate variability parameters
(Table 3).


There were no changes in heart rate after the control stimulus
ended, but changes were observed after the distress calls. However,
neither heart rate nor SDNN and RMSSD showed significant
differences between treatments after stimuli (Fig. 4b and c).


4. Discussion


Juvenile piglets showed a decrease in locomotion and vocalisation,
as well as a brief decrease in heart rate, in response to both conspecific
distress calls and a neutral control sound.







Fig. 4. (a) Mean heart rate, (b) SDNN, (c) RMSSD and (d) RMSSD/SDNN before, during and after stimulus in 10-s intervals (LSM±S.E.). The dashed vertical lines mark the start and
end of stimulus presentation. Brackets indicate significant differences (pb0.05) within treatment between the last interval before the start and end of the stimulus and the referring
intervals during and after stimulus, respectively. Brackets above the curves refer to the distress call treatment. Brackets below the curves refer to the control treatment.
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The decrease in vocalisation was higher in response to the distress
calls. This response hints at a higher level of attention, probably in
order to explore the cause of the vocalisation. As we argued in the
introduction, certain distress calls – specifically those which are
produced in response to an acute threat and inform others about it –
might be considered alarm calls. In the wild, it is advantageous for
animals to react to suchwarning signals by trying to detect their cause
and gather more information. In many alarm calling species, alarm
calls inform groupmembers about an approaching predator, while the
direction from which this predator approaches can only be derived
from contextual information, such as the orientation of the caller
[21,23,48,49]. Thus, the receiver can evaluate a direct threat on itself
inmore detail thanwhen reacting to a conspecific signal alone, and act
accordingly.


However, the decrease in heart rate persisted longer in response to
the control stimulus. Considering that the control stimulus was
artificial, and therefore unfamiliar, a stronger response might be
caused by suddenness and novelty [41]. The behavioural data are
contradictory. Significantly lower vocalisation rates during distress
calls indicate higher attention, while there were no differences in
locomotion between treatments during stimulus presentation. The
decrease in heart rate was caused by an activation of the parasym-
pathetic branch of the autonomous nervous system, as indicated by
the increase in RMSSD [37]. Activation of the parasympathetic system
has previously been shown in response to novel stimuli [41].
However, Désiré et al. did not find a heart rate change in response
to novelty alone, indicating a simultaneous activation of the
sympathetic system. Additionally, they found an activation of the
sympathetic system in response to suddenness, along with an
increase in heart rate. Heart rate variability parameters cannot

directly determine sympathetic activity, but if such an increase
occurred here, it was much smaller than the parasympathetic effects,
leading to a net decrease in heart rate. Hence, the somewhat diverging
results of behaviour (higher attention indicated by lower vocalisation
rates during distress calls) and heart rate (stronger response to the
control sounds as indicated by longer decrease of heart rate) imply
differences in stimulus evaluation. Désiré et al. [41] have suggested
different levels of stimulus evaluation, including suddenness and
novelty. In the present study, both stimuli occurred suddenly, and
their temporal patterns were exactly the same within each subject.
However, distress calls in general are likely to have been familiar to
the subjects, while the artificial control sound was not. This difference
in novelty might explain part of the different physiological responses.
Additionally, conspecific calls are likely to elicit different evaluation
mechanisms, as they are assumed to have a communicative function
beyond their suddenness or novelty. Such an additional evaluation
might underlie the stronger behavioural response to the distress calls.


To the best of our knowledge, responses after the end of a playback
stimulus have not been shown before. In the present study, the heart
rate response at the end of distress calls was similar to that shown at
the onset of the stimulus presentation, while there was no such
response after the control stimulus. Hence, the distress call stimulus
and the control stimulus seem to be evaluated differently, which
indicates social recognition of the conspecific acoustic signals.
However, the decrease in heart rate after distress calls could not be
assigned to either the activation of the parasympathetic system or the
inactivation of the sympathetic system. In the social isolation of the
open field setting used for these experiments, the conspecific calls
might have represented some kind of contact to conspecifics. The
withdrawal of this contact might have caused the observed effects. In
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social animals, it is important to keep in contact with the group. Thus,
the loss of this contact could induce attention and orienting, which
has been associated with vagal activation [39,40]. However, such
vagal activation was not seen in our experiments.


In this study, we used the common approach of presenting
playback stimuli to socially isolated subjects in an experimental arena
which subjects were shortly habituated to. Habituation to the
experimental arena was reduced to a minimum because repeated
social isolation of pigs causes chronic stress instead of habituation
[50,51]. This chronic stress was characterised by reduced activity in an
open field and elicited depression-like symptoms [50]. On the other
hand, Kanitz et al. have shown that a single exposure to social
isolation elicits behavioural arousal in piglets [52]. Based on both
behaviour and heart rate we assume that the subjects might have
been moderately stressed by the experimental situation, which could
have influenced their responses to the stimuli. However, we do not
assume that the contagion of distress through acoustic communica-
tion could have been suppressed by stress caused by the experimental
situation itself. Quite contrary we would have expected subjects to be
even more sensitive to possible indicators of threat when already
stressed, as fear has been repeatedly demonstrated to lead to
increasing startle responses (‘fear potentiated startle’; e.g. [53,54]).
Hence, the approach used in this study seems appropriate to evaluate
contagion of distress and the associated negative emotions. However,
in possible future studies on contagion of positive emotional states or
on the communicative function of other porcine vocalisations
different experimental designs need to be established.


One reason for the absence of distinct distress responses to the
presented stimuli could be that the subjects used are not the
addressees of the vocalisations. Vocalisation in response to restraint
stress might be a remnant of a mother–young communication,
directed from a piglet in danger of being crushed by their mother in
order to stop her from lying down. Broadcasting the screams of piglets
to nursing sows induces postural changes in the sows during the first
hours post partum [55,56]. Thus, the distress calls used here might be
relevant for mothers but not unfamiliar juvenile conspecifics. The
latter might only use the information conveyed by such vocalisations
as ‘eavesdroppers’. In this case, the animals would show no response,
apart from increased attention, because they do not perceive a threat
imposed on themselves. However, increased attention might bring
further contextual information, and the combined information from
acoustic signals and other environmental stimuli could then lead to
distress responses. Hence, an indirect effect on stress levels might be
possible. Additionally, the subjects used in this study might not have
experienced an association between distress calls and any actual harm
to themselves. Thus, two explanations for the absence of distress
responses are possible. First, responses to conspecific stress calls must
be learned, which our subjects never did. Second, an innate response
to conspecific stress calls might have been overridden by habituation.
Both alternatives point at the importance of learning in a given
environment. Such learning processes might depend on the husband-
ry system an individual is subjected to, as these may differ in overall
vocalisation rates and the opportunities to learn.


In conclusion, juvenile pigs show short-term responses to sudden
noises in general, and artificial but unfamiliar sounds elicit longer initial
responses than familiar conspecific calls, suggesting that the processing of
novel stimuli requires more attention. Social recognition might be
underlying the marked response when the conspecific vocalisation
stops and amore pronounced decline in vocalisation during the stimulus.
However, the contagion of distress via acoustic communication was not
observed in the present study. It seems that, in this instance, hearing the
distress calls of conspecifics did not elicit distress and hence had no direct
effect on animal welfare. However, it remains to be studied whether the
state of heightened attention after hearing a conspecific scream can
influence the evaluation of other environmental stimuli and thus have an
indirect effect on animal welfare.
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In domestic pigs, vocalisation can be an indicator of distress and negative emotional states. It might play a role
in the transfer of emotion between individuals (‘emotional contagion’ or ‘empathy’), which could result in
impaired animal welfare on a group level based on the distress in an individual member of the group. The aim
of this study was to characterise the responses of pigs to conspecific distress calls. We performed a playback
experiment in an open arena with 24 juvenile German Landrace pigs, during which individual subjects were
exposed to both conspecific distress calls and an artificial sine tone (control) on consecutive experimental
days. Both behavioural (locomotion, vocalisation, elimination and distance to the speakers) and physiological
responses (heart rate and heart rate variability) were measured for 2 min before, during and after the
playback of the stimuli (distress calls/control). Subjects showed decreased locomotion and vocalisation rates
during both stimuli, suggesting that the animals responded to both stimuli. Heart rates decreased at the onset
of both stimuli due to an activation of the parasympathetic system, indicating an orientation response to
sudden stimuli. However, heart rates decreased after the end of the distress calls but not after control stimuli,
illustrating that conspecific calls and other sounds are evaluated differently. We conclude that pigs exposed to
isolation are attentive to conspecific distress vocalisation and hence the information about threat possibly
conveyed in it, but they do not share the distress of the caller. Therefore, we could not find direct effects of
distress calls of unfamiliar conspecifics on the welfare of isolated juvenile pigs. However, the state of
heightened attention elicited by conspecific distress calls may affect a pig's subsequent evaluation of its
environment.
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1. Introduction


Emotions reflect the state of an animal at the individual level.
Along with other criteria, such as the five freedoms [1], they play a
role in the current concepts of animal welfare, in which the avoidance
of suffering, i.e. strong or persistent negative emotions, is emphasised
[2]. The individual is motivated to show behaviours that lead to the
avoidance of negative emotional states, while positive states are
strived for, enhancing the welfare and fitness of the animal [3,4].


Although emotions act within the individual, they can have a social
dimension. It has been repeatedly shown that humans and non-
human animals can show a sharing of emotions [5,6]. This
phenomenon is called emotional contagion or empathy, with the
term empathy often used when insight into another individual's
emotional state is implied while emotional contagion does not
comprise such high levels of cognition [7]. It can even result in

animals imposing harm on themselves in order to prevent a
conspecific from suffering [8]. If negative emotional states elicited in
one individual cause similar negative states in other animals,
individual emotional states could have pronounced effects on animal
welfare at the group level, because the distress would not only impair
the welfare of the stressed animal, but also of bystanders. In farm
animals, this could cause problems for both animal welfare and
productivity in livestock husbandry [9–11]. Chen et al. observed
changes in the heart rates of mice that observed distress in
conspecifics [6]. They suggest that distress vocalisations play a central
role in the transfer of negative emotional responses.


Acoustic signals are assumed to convey information about the
state of the signaller, such as its arousal [12], motivational state [13],
emotional state [14,15], or physical characteristics [16,17]. This
information is coded in the characteristics of the signal. Although
the context of vocalisation can be used as an indicator of the motives
for calling, the meaning of such calls with regard to intraspecific (or
interspecific) communication can only be evaluated based on both
context and responses of the receivers [18,19]. For example, certain
types of vocalisation are considered alarm calls, as they are produced
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upon the sight of a predator and elicit flight responses in nearby
conspecifics or even in members of different species [20–25]. We
assume that alarm calls are a subtype of distress calls, because the
calling subjects are most probably in a state of stress when seeing the
approaching predator. Furthermore, the reactions of the receivers of
such calls can also be interpreted as displays of distress. Therefore,
stress-related acoustic communication can cause transmission of
distress from the sender to the receiver(s), whichmight be considered
emotional contagion.


The aim of this studywas to characterise the responses of domestic
pigs to a conspecific vocalisation produced in a clearly defined,
stressful context in order to evaluate the potential meaning of
acoustically mediated emotional contagion on animal welfare in this
species. Domestic pigs are highly social and have a complex system of
acoustic communication. To date, several studies have examined
vocalisations produced by pigs in stressful contexts [10,26–28]. The
vocalisations correlate with behavioural and physiological indicators
of distress [10,29–32]. However, the information conveyed by some of
those vocalisations remains unclear. In a recent study [33], we found
that the distress vocalisations of pigs contain detailed information
concerning the quality of the stressor eliciting the calls. In fact, the
mental component of the evaluation of an anticipated aversive
stimulus could be detected in the respective calls. Moreover, Puppe
et al. [26] demonstrated that pain is encoded in the distress calls
during castration. In pig production, there are controversial anecdotic
reports on the propagation of stress-related vocalisations across a
whole group. For example, there are reports of non-responding pigs
standing by a screaming conspecific during castrations. In contrast, a
spreading of stress responses has also been reported: when a single
animal starts screaming in an abattoir, other individuals nearby will
join in. However, a simultaneous response to a commonly shared
situation might be more likely to elicit simultaneous vocalisation.


We tested the effects of conspecific distress calls on juvenile pigs
using a playback paradigm. In an open field setting, conspecific calls
produced during physical restraint were broadcast, and the beha-
vioural responses and heart rate/heart rate variability of the receiving
pigs were observed. This design allowed for a detailed analysis of
overt and covert reactions, including responses of the autonomous
nervous system. Screams caused by restraint are harmonic vocalisa-
tions [34]. They might serve to express fear. In the wild, they might
signal an attack by a predator and induce flight behaviour [23]. If this
is the case, subjects should show avoidance or alertness in response to
the playback of screams. On the other hand, a scream could serve no
intraspecific function but instead function as a so-called ‘pursuit-

Fig. 1. Spectrograph of three distress calls used in the experime

deterrent signal’ directed towards a predator [35,36], thus inducing no
behavioural changes in conspecifics.


The combined analysis of heart rate and heart rate variability
provides insight into the working of the two branches of the
autonomous nervous system, the sympathetic and parasympathetic
(vagal) system [37,38]. The majority of studies show that stressors
elicit an increase in heart rate caused by the activation of the
sympathetic system, which is indicative of a state of arousal. However,
a drop in heart rate (i.e. bradycardia) can be associated with freezing
behaviour or orienting responses to novelty caused by increased vagal
activity [39,40]. Accordingly, attentive behaviour would be accompa-
nied by an activation of the parasympathetic system [41].


We hypothesised that conspecific distress calls would elicit both
subtle behavioural and more pronounced physiological responses in
juvenile pigs, leading to a state of attention and/or distress.


2. Methods


2.1. Animals and housing


Experiments were performed in three consecutive trials. The
subjects were 24 female, 6-week old German Landrace pigs from
different litters (trial 1: n=6; trial 2: n=8; trial 3: n=10). They were
housed with conspecifics of the same age in mixed-sex groups of
approximately 10 animals. The housing consisted of flat decks
measuring 3×2 m with fully slatted plastic floors with a solid heated
area in themiddle. All subjects had been weaned at 28 days of age and
had been in their current groups for approximately two weeks at the
time of the experiments. While all subjects for a single trial were
housed in the same room, only up to five were housed in the same
pen. Thus, we reduced the disturbances caused by the experiments
(primarily the capturing of the subjects).


2.2. Playbacks


Playbacks were generated using two types of stimuli embedded in
artificial silence for pre- and post-stimulus observations. The stimuli
consisted of either distress calls or an artificial sound for the control
treatment.


The distress calls used for the playbacks were taken from recordings
performed during immobilisation stress caused by tethering 20
individual pigs in a restraint stand for 10 min (microphone: Sennheiser
ME64/K6, recorder: Marantz PMD 670; sampling rate: 44.1 kHz,
accuracy: 16 bit, mono; see Fig. 1 for an exemplary spectrograph;

nts (lower graph) and the referring control (upper graph).







Fig. 2. Sketch of the experimental room and open field. The open field measured 2.8 by
2.8 m and was lined by 1.4 m high wooden walls. Observations were made from an
elevated chair beside the corner depicted on the lower left. On the lower right corner,
the door is indicated.
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mean peak frequency as measured in another study [42]: 2.38 kHz,
n=200). All recordings were performed in the same room with noise
dampening walls to optimize the recording conditions. Stimulus
animals were unrelated and unfamiliar to the study subjects, but were
of the same age and sex (6-week old females). Noise and periods of
silence longer than 2 s were clipped out and removed from the
recordings (software: Adobe Audition 3.0), and the resulting first
minute of distress calls was selected. It was repeated once, resulting in a
2-min stimulus, and 3 and 2 min of silence were added before and after
the stimulus, respectively (1-min familiarisation, 2-minpre-stimulus, 2-
min stimulus, 2-min post-stimulus; see Experimental procedure). Using
this method it was possible to generate 20 different distress call
playbacks with all distress calls within a playback from only one
stimulus animal. Four of the playbacks were broadcast to two subjects,
while the remaining sixteenwere only usedonce. Thismethodwasused
to minimise the possible effects of pseudoreplication [43,44].


For the control stimuli, a 500 Hz signal was used (Fig. 1). This
frequencywaswell below the peak frequency of the conspecific sound
but within the range of other porcine vocalisations (mean peak
frequencies vary from 359 Hz to 2.59 kHz [42]). Furthermore, it could
be broadcast at the same amplitude as the distress calls (other than
e.g. conspecific grunts) and is not known for eliciting any response by
itself, unlike white noise which elicits stress [45,46]. Control stimuli
were generated for each individual distress call stimulus. The
temporal pattern of sound was equal to the corresponding distress
call stimulus. Therefore, in both treatments the numbers of sounds as
well as the durations and mean amplitudes were the same, providing
for a high level of comparability.


All stimuli were broadcast with average amplitude of 74 dB at a
distance of 1 m and 0.5 m height (speakers: Sony SRS-Z 750), which
reflects natural amplitude levels.

Table 1
Definitions of observed behaviours. All behaviours were recorded as states.


Behaviour Definition


Locomotion Moving with at least three feet
Standing/sitting Standing with at least two feet steady/touching the


ground with the complete hind legs
Lying Touching the ground with all four legs and stomach
Wall contact Manipulation of the walls with the snout
Elimination Urination and defecation
Flight Jumping against the wall

2.3. The open field


The 2.8×2.8×1.4 m open field, which served as the experimental
arena, was placed in a room dampened for sound reflections (Fig. 2). A
personal computer equipped with The Observer software (Version
3.0, Noldus, Wageningen, The Netherlands) was placed next to one of
the corners. Two speakers were placed centrally on one wall at a
slightly downward angle. The open field was divided into three areas
of equal size by equidistant chalk lines parallel to this wall (areas 1, 2,
and 3, with area 1 closest to the speakers).


The open field was briefly cleaned between experiments and
thoroughly after each experimental day. The chalk marks were drawn
before the first experiment of the day, and redrawn between

experimental days. There was no need to refresh them between
experiments.


2.4. Experimental procedure


On the day before the first experiments, each subject was transported
to the experimental room once and placed in the open field individually
for 4 min in order to habituate to the experimental procedure (heart rate
measurement belts, transport box, start box, arena). On the two
consecutive experimental days, each individual subject received either
the distress call or the control treatment. Treatment order was
pseudorandomised and counterbalanced between experimental days.


On the experimental days, subjects were fitted with a heart rate
measurement belt (details see below) in their home pens. They were
then brought into the open field in a closed, wheeled, wooden box to
reduce their spatial orientation. The heart rate monitor was then fixed
on their backs with self-adherent medical tape (Fixomull® stretch, BSN
medical, Hamburg, Germany), and the animals were transferred to a
wooden enclosure in the middle of the open field. The enclosure
measured 1×1 m and was 50 cm high to prevent subjects from seeing
where the experimenter left the open field. The enclosure was then
lifted 2 m off the ground and both the observation and the playback
started simultaneously. After 3 min (1 min of familiarisation, followed
by a 2-min period of pre-stimulus observations) the distress calls or
control soundswere broadcast. These ended after a period of 2 min and
were followed by another 2-min period of post-stimulus observation.


2.5. Behavioural data


The behaviour of the subjects was observed based on six
categories: locomotion, standing/sitting, lying, wall contact, elimina-
tion, and flight (see Table 1 for definitions), with the area in which
they were performed as a modifier (continuous sampling). Addition-
ally, vocalisations were recorded (only ‘grunts’ occurred). The total
durations of all behavioural categories (across areas) and the number
of vocalisations were calculated for the 2-min periods corresponding
to the pre-stimulus, stimulus, and post-stimulus time-periods.


2.6. Heart rate measurements


Heart rate (R–R intervals, i.e. intervals between each heartbeat)
was measured using the Polar system (Monitor: S810i; Polar Electro
Oy, Kempele, Finland). The electrode strap was fixed directly behind
the front legs with both electrodes on the left side of the animal and
the transmitter in the “armpit”. Ultrasound transmission gel (Henry
Schein, Melville, NY, USA) was used to improve contact to the skin.


The data were corrected for artefacts (1-min sections; Software: Polar
PrecisionPerformanceSW,version4.03.040; settings:very lowsensitivity,
peak detection on, minimal protection zone of 20). Data sections with
more than 10% artefacts were excluded [37]. Mean heart rate and heart
rate variability parameters were calculated in 10-s intervals for the 2 min
of pre-stimulus, stimulus, and post-stimulus. The heart rate variability
parameters derived in the time domain were the standard deviation of
interbeat intervals (SDNN, indicator of both sympathetic and parasym-
pathetic activation), the rootmeanof the squareddistances of subsequent
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interbeat intervals (RMSSD, indicator of parasympathetic activation), and
the ratio of these two (RMSSD/SDNN, reflecting the balance of the
autonomous nervous system). The RMSSD was calculated as follows:


RMSSD =


ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑
n


k=1


in−in−1ð Þ2


n−1ð Þ


s


with


i1, i2 consecutive interbeat intervals,
n total number of interbeat intervals measured.


2.7. Statistical analyses


Statistical tests were calculated using GLIMMIX in SAS (SAS® 9.2,
SAS Institute Inc., Cary, NC, USA).


All analyses had the subject included as a repeated factor. For
pairwise comparisons, adjustments for repeated testing were applied
(Tukey–Kramer for behavioural data and Bonferroni for heart rate
data). The distribution of the data was considered in the models.


Behavioural data were calculated for the 2-min periods pre-
stimulus, stimulus and post-stimulus (summed across areas). These
data were analysed using a mixed effect model with period, stimulus,
day, and interactions for all factor pairs as fixed effects. In order to
avoid testing highly interdependent data of the times spent in the
three areas (sums of all behaviours in each area) raw data were
transformed into a single distance score value by adding the total
duration spent in area 1 with the duration spent in area 2 multiplied

Fig. 3. Least square means±S.E. of (a) locomotion, (b) vocalisation, (c) elimination and
differences within each period (before, during, and after stimulus) and within treatments a

by 2 and the time spent in area 3 multiplied by 3. This weighting
system leads to high values (maximum: 360) for animals that avoid
the area next to the speakers and low values (minimum: 120) when
the animals approach the speakers [47].


Heart rate measurements were calculated over 10-s intervals.
Based on these, mixed effects models were calculated with interval,
stimulus, day, and interactions for all factor pairs as fixed effects.
Additional pairwise comparisons (t-tests) were performed between
treatments for all intervals and within treatments for (a) the interval
before stimulus and each interval during stimulus and (b) the last
interval during stimulus and each interval after stimulus.


3. Results


3.1. Behaviour


Lying and flight were extremely rare (four and six times,
respectively) and, therefore, were excluded from further analyses,
along with wall contact because it occurred in less than 12% of the
observation periods. Pairwise comparisons between treatments in the
pre-stimulus period showed that none of the behavioural parameters
significantly differed between treatments in 2 min before stimuli
(Fig. 3). In addition, no behavioural parameter showed a significant
main effect of the interactions of stimulus and day or period and day
(Table 2).


3.1.1. Stimulus
Analyses of variance revealed a significant effect of the stimulus on


vocalisation, locomotion, distance score, and standing, but not on

(d) distance score in the 2-min periods before, during, and after stimulus. Statistical
re given (***=pb0.001; **=pb0.01; *=pb0.05; †=pb0.1).
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Table 2
Statistical results of the behavioural data (n=24 for all data except vocalisation, where
n=23).


Stimulus Period Day


F p F p F p


Distance score 5.87 0.017 0.66 0.521 0.92 0.339
Vocalisation 34.40 b0.001 21.69 b0.001 10.03 0.002
Locomotion 6.92 0.010 7.93 b0.001 6.29 0.014
Stand/sit 13.84 b0.001 18.24 b0.001 6.65 0.011
Elimination 1.65 0.202 7.86 b0.001 0.65 0.423


Stimulus×period Stimulus×day Period×day


F p F p F p


Distance score 1.24 0.295 1.76 0.198 0.21 0.808
Vocalisation 3.47 0.035 0.91 0.348 0.47 0.627
Locomotion 2.43 0.093 1.33 0.260 0.40 0.673
Stand/sit 2.46 0.090 1.78 0.195 0.06 0.943
Elimination 0.45 0.636 0.76 0.391 1.12 0.329


Table 3
Statistical results of the heart rate/heart rate variability data (n=24). Ratio is RMSSD/
SDNN.


Stimulus Interval Day


F p F p F p


Heart rate 0.11 0.741 6.52 b0.001 214.33 b0.001
SDNN 12.99 b0.001 3.33 b0.001 31.45 b0.001
RMSSD 1.87 0.172 5.46 b0.001 60.79 b0.001
Ratio 6.72 0.010 3.32 b0.001 0.48 0.490


Stimulus×interval Stimulus×day Interval×day


F p F p F p


Heart rate 1.75 0.004 2.23 0.151 0.95 0.558
SDNN 0.73 0.876 1.94 0180 1.32 0.102
RMSSD 1.07 0.360 2.20 0.154 1.56 0.020
Ratio 0.61 0.966 0.17 0.687 0.61 0.965
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elimination (Table 2). Across all periods, the duration of locomotion
was higher, while the duration of standing and the distance score
were lower during the control treatment (locomotion: n=24,
t=2.63, pb0.01; standing: n=24, t=−3.72, pb0.001; distance
score: n=24, t=−2.42, pb0.05).


3.1.2. Period
Main effects of period (before, during and after stimulus) were


found for vocalisation, locomotion, standing, and elimination, but not
the distance score (Table 2).


Across treatments, locomotion decreased after the onset of the
stimuli (n=24, t=3.94, pb0.001) and still tended to have shorter
duration after the stimuli thanbefore (n=24, t=2.26, pb0.1). Standing
decreased significantly after stimulus onset (n=24, t=−5.50,
pb0.001) and increased again after stimuli (n=24, t=4.62,
pb0.001). Similarly, elimination decreased after onset of stimuli
(n=24, t=3.84, pb0.001) and increased back to basal levels after
stimuli (n=24, t=−3.38, pb0.01).


3.1.3. Experimental day
Additionally, therewere significant effects of the experimental day on


vocalisation, locomotion and standing/sitting (see Table 2). In general,
locomotion and vocalisation decreased from day one to day two, while
standing/sitting increased (locomotion: n=24, t=2.51, pb0.05; vocali-
sation: n=23, t=3.17, pb0.01; stand/sit: n=24, t=−2.58, pb0.05).


3.1.4. Stimulus×Period
There was a significant main effect of the interaction of stimulus and


period on vocalisation rates (Table 2). Vocalisation decreased during the
period of stimulus presentation for both the distress call and the control
treatment (distress calls: n=23, t=5.87, pb0.001; control: n=23,
t=3.32, pb0.05; Fig. 3a). During the broadcasting of distress calls,
subjects vocalised significantly less than during the broadcast of control
sounds (n=23, t=4.95,pb0.001; Fig. 3b).After the stimulus, vocalisation
rates still tended to be higher in the control treatment (n=23, t=2.83,
p=0.061; Fig. 3b). Although the distances score was lower in controls
across periods, there was no significant difference between stimuli in any
of the periods (before: n=24, t=−0.44, n.s.; during: n=24, t=−1.14,
n.s.; after: n=24, t=−2.62, n.s.).


3.2. Heart rate measurements


The threeperiods before, during and after the stimuliwere separated
into 12 intervals of 10 s each. Therefore, intervals 1 to 12 were pre-
stimulus, intervals 13 to 24were during the stimulus, and intervals 25 to
36 were post-stimulus.

3.2.1. Stimulus
The mixed effect models revealed significant effects of stimulus on


SDNN and RMSSD/SDNN (Table 3). SDNN was higher in the control
condition, and hence RMSSD/SDNN was lower. However, none of the
heart rate/heart rate variability parameters showed significant
differences between stimuli within intervals.


3.2.2. Interval
All heart rate and heart rate variability parameters showed


significant effects of interval (Table 3).
Heart rate decreased at the onset of both stimuli (Fig. 4a). The


minimum heart rates were reached in interval 14, which occurs 11 to
20 s after the onset of the stimulus. In the control treatment, heart
rates reached the baseline value of the last interval before the
stimulus after 40 s (interval 17), while during distress calls, only the
minimum interval differed significantly from base levels. SDNN
peaked during both conditions in the first interval after the onset of
the stimuli (Fig. 4b). However, the increase as compared to the
interval immediately before the stimuli was only significant in the
control treatment for the first 10 s. RMSSD peaked in the second
interval after stimulus onset and differed significantly from the
respective values directly before stimulus onset in both treatments
(Fig. 4c). The ratio of RMSSD and SDNN differed between the pre-
stimulus interval and 11–20 s after the start of the distress stimulus
(Fig. 4d).


3.2.3. Experimental day
The experimental day had a significant effect on heart rate, SDNN, and


RMSSD, but not onRMSSD/SDNN (Table 3). On thefirst experimental day,
heart rate was higher (n=24, t=14.64, pb0.001), while SDNN and
RMSSD were lower (SDNN: n=24, t=−5.61, pb0.001; RMSSD: n=24,
t=−7.80, pb0.001).


3.2.4. Stimulus×Interval
There was a significant interaction of stimulus and interval with


heart rate, but not on any of the heart rate variability parameters
(Table 3).


There were no changes in heart rate after the control stimulus
ended, but changes were observed after the distress calls. However,
neither heart rate nor SDNN and RMSSD showed significant
differences between treatments after stimuli (Fig. 4b and c).


4. Discussion


Juvenile piglets showed a decrease in locomotion and vocalisation,
as well as a brief decrease in heart rate, in response to both conspecific
distress calls and a neutral control sound.







Fig. 4. (a) Mean heart rate, (b) SDNN, (c) RMSSD and (d) RMSSD/SDNN before, during and after stimulus in 10-s intervals (LSM±S.E.). The dashed vertical lines mark the start and
end of stimulus presentation. Brackets indicate significant differences (pb0.05) within treatment between the last interval before the start and end of the stimulus and the referring
intervals during and after stimulus, respectively. Brackets above the curves refer to the distress call treatment. Brackets below the curves refer to the control treatment.
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The decrease in vocalisation was higher in response to the distress
calls. This response hints at a higher level of attention, probably in
order to explore the cause of the vocalisation. As we argued in the
introduction, certain distress calls – specifically those which are
produced in response to an acute threat and inform others about it –
might be considered alarm calls. In the wild, it is advantageous for
animals to react to suchwarning signals by trying to detect their cause
and gather more information. In many alarm calling species, alarm
calls inform groupmembers about an approaching predator, while the
direction from which this predator approaches can only be derived
from contextual information, such as the orientation of the caller
[21,23,48,49]. Thus, the receiver can evaluate a direct threat on itself
inmore detail thanwhen reacting to a conspecific signal alone, and act
accordingly.


However, the decrease in heart rate persisted longer in response to
the control stimulus. Considering that the control stimulus was
artificial, and therefore unfamiliar, a stronger response might be
caused by suddenness and novelty [41]. The behavioural data are
contradictory. Significantly lower vocalisation rates during distress
calls indicate higher attention, while there were no differences in
locomotion between treatments during stimulus presentation. The
decrease in heart rate was caused by an activation of the parasym-
pathetic branch of the autonomous nervous system, as indicated by
the increase in RMSSD [37]. Activation of the parasympathetic system
has previously been shown in response to novel stimuli [41].
However, Désiré et al. did not find a heart rate change in response
to novelty alone, indicating a simultaneous activation of the
sympathetic system. Additionally, they found an activation of the
sympathetic system in response to suddenness, along with an
increase in heart rate. Heart rate variability parameters cannot

directly determine sympathetic activity, but if such an increase
occurred here, it was much smaller than the parasympathetic effects,
leading to a net decrease in heart rate. Hence, the somewhat diverging
results of behaviour (higher attention indicated by lower vocalisation
rates during distress calls) and heart rate (stronger response to the
control sounds as indicated by longer decrease of heart rate) imply
differences in stimulus evaluation. Désiré et al. [41] have suggested
different levels of stimulus evaluation, including suddenness and
novelty. In the present study, both stimuli occurred suddenly, and
their temporal patterns were exactly the same within each subject.
However, distress calls in general are likely to have been familiar to
the subjects, while the artificial control sound was not. This difference
in novelty might explain part of the different physiological responses.
Additionally, conspecific calls are likely to elicit different evaluation
mechanisms, as they are assumed to have a communicative function
beyond their suddenness or novelty. Such an additional evaluation
might underlie the stronger behavioural response to the distress calls.


To the best of our knowledge, responses after the end of a playback
stimulus have not been shown before. In the present study, the heart
rate response at the end of distress calls was similar to that shown at
the onset of the stimulus presentation, while there was no such
response after the control stimulus. Hence, the distress call stimulus
and the control stimulus seem to be evaluated differently, which
indicates social recognition of the conspecific acoustic signals.
However, the decrease in heart rate after distress calls could not be
assigned to either the activation of the parasympathetic system or the
inactivation of the sympathetic system. In the social isolation of the
open field setting used for these experiments, the conspecific calls
might have represented some kind of contact to conspecifics. The
withdrawal of this contact might have caused the observed effects. In
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social animals, it is important to keep in contact with the group. Thus,
the loss of this contact could induce attention and orienting, which
has been associated with vagal activation [39,40]. However, such
vagal activation was not seen in our experiments.


In this study, we used the common approach of presenting
playback stimuli to socially isolated subjects in an experimental arena
which subjects were shortly habituated to. Habituation to the
experimental arena was reduced to a minimum because repeated
social isolation of pigs causes chronic stress instead of habituation
[50,51]. This chronic stress was characterised by reduced activity in an
open field and elicited depression-like symptoms [50]. On the other
hand, Kanitz et al. have shown that a single exposure to social
isolation elicits behavioural arousal in piglets [52]. Based on both
behaviour and heart rate we assume that the subjects might have
been moderately stressed by the experimental situation, which could
have influenced their responses to the stimuli. However, we do not
assume that the contagion of distress through acoustic communica-
tion could have been suppressed by stress caused by the experimental
situation itself. Quite contrary we would have expected subjects to be
even more sensitive to possible indicators of threat when already
stressed, as fear has been repeatedly demonstrated to lead to
increasing startle responses (‘fear potentiated startle’; e.g. [53,54]).
Hence, the approach used in this study seems appropriate to evaluate
contagion of distress and the associated negative emotions. However,
in possible future studies on contagion of positive emotional states or
on the communicative function of other porcine vocalisations
different experimental designs need to be established.


One reason for the absence of distinct distress responses to the
presented stimuli could be that the subjects used are not the
addressees of the vocalisations. Vocalisation in response to restraint
stress might be a remnant of a mother–young communication,
directed from a piglet in danger of being crushed by their mother in
order to stop her from lying down. Broadcasting the screams of piglets
to nursing sows induces postural changes in the sows during the first
hours post partum [55,56]. Thus, the distress calls used here might be
relevant for mothers but not unfamiliar juvenile conspecifics. The
latter might only use the information conveyed by such vocalisations
as ‘eavesdroppers’. In this case, the animals would show no response,
apart from increased attention, because they do not perceive a threat
imposed on themselves. However, increased attention might bring
further contextual information, and the combined information from
acoustic signals and other environmental stimuli could then lead to
distress responses. Hence, an indirect effect on stress levels might be
possible. Additionally, the subjects used in this study might not have
experienced an association between distress calls and any actual harm
to themselves. Thus, two explanations for the absence of distress
responses are possible. First, responses to conspecific stress calls must
be learned, which our subjects never did. Second, an innate response
to conspecific stress calls might have been overridden by habituation.
Both alternatives point at the importance of learning in a given
environment. Such learning processes might depend on the husband-
ry system an individual is subjected to, as these may differ in overall
vocalisation rates and the opportunities to learn.


In conclusion, juvenile pigs show short-term responses to sudden
noises in general, and artificial but unfamiliar sounds elicit longer initial
responses than familiar conspecific calls, suggesting that the processing of
novel stimuli requires more attention. Social recognition might be
underlying the marked response when the conspecific vocalisation
stops and amore pronounced decline in vocalisation during the stimulus.
However, the contagion of distress via acoustic communication was not
observed in the present study. It seems that, in this instance, hearing the
distress calls of conspecifics did not elicit distress and hence had no direct
effect on animal welfare. However, it remains to be studied whether the
state of heightened attention after hearing a conspecific scream can
influence the evaluation of other environmental stimuli and thus have an
indirect effect on animal welfare.
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In my initial experiment, I tested the chickens as individuals. In this 
experiment, there is a possibility we could use pairs of chickens. However 
I am concerned that, as we are measuring behavioural responses to 
playback of other chicken sounds, pairs of chickens may influence each 
other’s behaviour.
 
Control sounds
 
In their experiment measuring conspecific responses to distress calls 
Dupjan et al 2011 (attached) used one control measure (a pure tone). 
I would also like to do the same – Will the pre-stimulus and post-stimulus 
silence also act as a control in this case, or would I have to do 3 
treatments as below? 
1.    Conspecific call
2.    Pure tone
3.    Silence
 
Playback sounds:
I have identified that chickens emit a clearly excited series of low 
frequency clucks in anticipation of rewards. There is some individual 
variation, but I identified  83 excited "anticipation" calls (as opposed to 
whines of frustration) from the 300 total vocalisations I recorded. In 
order to avoid pseudoreplication I am going to playback 12 different 
reward-related vocalisations to 12 birds (or 12 pairs of birds) However, 
due to the nature of my first experiment (multiple rewards) I am not 
clear on whether I should I be generating 4 dustbath-related 
vocalisations, 4 mealworm vocalisations and 4 normal food vocalisations 
within this as per the rewards presented in the first experiment? Or 
should I be presenting 12 of each to avoid pseudoreplication? I am not 
confident that chickens have a "dustbath-related" vocalisation and a 
"mealworm"  vocalisation - I believe these are similar enough to be 
classified as "reward-related". 
 
Measuring behaviour – distance from playback sounds
 
In their experiment measuring conspecific responses to distress calls, 
Dupjan et al placed 2 speakers on one wall of the experimental room. 
The room divided into three areas of equal size by equidistant chalk lines 
parallel to this wall.  This was to measure where the pigs were in relation 



to the speakers. They then created a distance score to measure time 
spent in each area In order to avoid testing highly interdependent data of 
the times spent in the three areas (sums of all behaviours in each area) 
Raw data were transformed into a single distance score value by adding 
the total duration spent in area 1 with the duration spent in area 2 
multiplied by 2 and the time spent in area 3 multiplied by 3. 
 
The alternative is to place one speaker (protected) at floor level in the 
middle of the room and create circular lines around the speaker to 
enable us to measure distance from the speaker.
 
I would very much appreciate it if you could you get back to me as soon 
as possible on the above design and questions? (by Monday 27th May if 
at all possible) 
 
All the best,
 
Nicky 
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