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Physiological outcomes of calming
behaviors support the resilience
hypothesis in horses
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homeostasis. In stable horses, a stressful stimulus can be represented by social separation, riding
discomfort or the presence of novel objects in their environment. Although Heart Rate Variability is a
common indicator of stress levels in horses, the behavioral mechanisms concurrently occurring under
stressful conditions are still unknown. The sudden inflation of a balloon was administered to 33 horses.
Video-recording of self-directed behaviors (snore, vacuum chewing, snort, head/body shaking) and
monitoring of heart activity (HR and SDRR) were conducted for five minutes before (Pre-test) and

after the stimulus administration (Stress-test). During the Stress-test, only snore and vacuum chewing
increased and a significant increase was also recorded in both HR and SDRR. Moreover, the snore
variation between the two conditions showed a significant correlation with the variation of both HR and
SDRR. With the snore acting as stress-releasing behavior to restore basal condition, the homeostasis
recovered via the enactment of such behavior could be physiologically expressed by an increasing vagal
activity. Hence, the capacity to maintain homeostasis (resilience) could correspond to a prevalence of
parasympathetic control on heart activity, intervening when certain behaviors are performed.

To face a potentially stressful situation an animal can engage in different behaviors. Whatever the reaction, the
behavior guiding the animal far from the negative stimulus is strictly linked to specific physiological reactions
which are driven by a change in autonomic and neuroendocrine activities'. Stress was originally defined as a
general non-specific response of the body to any noxious stimulus?. Later, Koolhaas and colleagues® underlined
that the stress condition could be restricted to those circumstances where an environmental demand exceeds
the natural regulatory capacity of an organism, in particular situations that include unpredictability and uncon-
trollability. Besides, the definition of stress was extended by differentiating between the stressor (i.e. the stimulus
that threatens the homeostasis) and the stress response which corresponds to the body reaction that restores the
homeostasis*. Hence, stress response may be defined in general as nonspecific modification of body function-
ing not depending on the situation itself, but rather on the negative interpretation that the animal makes of the
situation®. For example, thanks to different previous experiences and individual plasticity, different subjects can
respond in different ways to the same stimulus®.

During a stress response an activation of the Sympathetic Nervous System (SNS) occurs, thus promoting fast
responding mechanisms to handle a wide range of functions (e.g., respiratory, endocrine, and cardiovascular
response). During the activation of these processes, Heart Rate (HR) increases. On the other side of the scale,
Parasympathetic Nervous System (PNS) activity slows the heart activity (HR) down, generally regulating bodily
function while the animal is at rest’. Many different specific stressors may induce a switch of this high sensitive
autonomic set of scales towards a prevalent sympathetic or parasympathetic control®-1. As a matter of fact, the
best way to monitor and measure the balance between these nervous strategies is Heart Rate Variability (HRV),
representing the quantitative marker of autonomic system''. HRV reflects the fine-tuning of cardiac activity to
cope with situational demands'? and it has been associated to the emotional regulation ability (i.e. the capacity to
process emotional stimuli)'*!*. In this perspective, HRV has been used for emotional states recognition, reflect-
ing all conditions characterized by high-arousal state, even though it fails to distinguish the valence (positive or
negative) of the situation itself'>. A reduction of some parameters accounting for HRV (such as SDRR or RMSSD)
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has been often associated to stressful situations or poor health conditions in both human and non-human ani-
mals'®~'%. Such reduction indicates a correspondent reduction in dynamic complexity of HRV itself and a reduc-
tion in parasympathetic control of cardiac activity. However, all those decreasing parameters refers to more
regular HRV series, which are markers of higher sympathetic activity'2*21,

In horses the measure of HRV has been employed to monitor stress levels in several studies?*?*. The physiolog-
ical and behavioral stress response is an adaptive mechanism specifically shaped to cope with noxious situations,
such as predator attacks, storms, disease, starvation, transportation, and others**-?’. For example, stable horses
may suffer some physical and psychological stress induced by specific activities or by fear and anxiety for novel
stimuli, social separation, transportation, pain and discomfort?. Due to the broad variety of sports, therapies and
recreational activities involving horses, many studies tried to provide a sort of guidelines to make caretakers aware
of frustration or stress condition in this species. Moreover, the intimate relationship developed between horses
and humans during centuries fostered a flourishing number of studies on the topic.

As it has been already pointed out, a reductionist approach of relying on the measurement of a single biolog-
ical response as an indicator of stress can be misleading® and, at present, it is known that, in a stressful context,
hormonal and behavioral strategies are strictly related to how the horse perceives the stimulus®. The behavioral
manifestation of frustration should be explored concomitantly with the variation of the physiological parameters
in order to reach a holistic interpretation of the internal state of the animal. In horses data are not exhaustive yet;
nevertheless some behaviors have been correlated with frustration or motivational conflict in several studies. The
snort, defined as a loud exhalation through the nostrils, seems to express horses’ restlessness®! and frustration®.
On the other hand, snort has been lately suggested to be a reliable indicator of positive emotions since its pro-
duction is associated with positive contexts (in pasture, while feeding) and it is less frequent in horses showing
an altered welfare®. In horses and in other mammalian species the vacuum chewing (i.e. chewing without any-
thing in the mouth®) is considered a displacement activity performed in stressful situations*>*>-*". However, this
behavior has been also associated to emotions, which have a positive valence, regardless of the arousal level of
individuals®. Among non-vocal sounds produced via the passage of the air through the nostrils, there is also the
snore which is defined as a very short raspy inhalation sound produced in a low alert context, such investigating
a novel object or obstacle®. Finally, head/body shaking is considered a stress-related behavior when the rhythmic
motion of the head or body occurs repetitively®.

Here, in a familiar environment, we administrated a sudden, unfamiliar and unpredictable stimulus to horses
and measured the distribution of each of the selected behaviors over time (minute by minute) in order to define a
time-window in which the behaviors were statistically more frequent compared to a control period. If the behav-
iors that significantly varied after the administration of the stimulus (criterion 1) also match with the variation of
the sympathetic/parasympathetic control over cardiac activity (criterion 2), those specific patterns could be more
reliable than others as indicator of stress in horses. To verify the second criterion, we checked for a possible corre-
lation between the entity of the variation of each tested behavior (e.g., behavior,yeimena Minus behavior, ) and
the shifting of physiological parameters over cardiac control.

Methods

Tested Animals.  The experimental design was based on Baragli et al.* study, in which any further informa-
tion about tested animals, experimental design and parameters collected in the present work can be found. From
the original sample, we collected data from 33 horses, aged 6-24 from four different stables (for a complete list
of the animals considered see Supplementary Table S1). We included in the analysis those animals whose tests
presented the same time duration in both control and experimental phases and whose video were recorded. Since
it was recently suggested that not only breed but also individual stabling conditions may influence temperament
and emotions in horses*!, animals tested in our study had to fit specific stabling criteria®.

Experimental Design. In accordance with Désiré et al.’2, the general characteristics of the stress response
test were defined a priori as the sudden appearance of an unfamiliar, unpredictable and intrinsically unpleas-
ant stimulus designed to induce an avoidance reaction. Using a remote-control device, a balloon was suddenly
inflated (visual and auditory stimulus) in the horse’s customary environment (its own stall), without the direct
intervention of the experimenter. Indeed, when animals respond to situations/stimuli, they experience specific
emotional states. Emotions may be defined by two fundamental dimensions: the valence (emotional experiences
perceived as negative or positive, rewarding or punishing) and the level of arousal'>**. Therefore, emotional
responses are activated following potentially rewarding or punishing stimuli, which determine the emotional
valence****. Considering this, we may assume that the appearance of an inflated balloon in the familiar envi-
ronment could elicit a high-arousal response in horses and it represents a negative situation. To record data on
HRYV, a Polar RS800 model heart rate monitor (Polar, Kempele, Finland) was fastened to the horse by an elastic
chest belt. The heart rate monitor and webcam were synchronized with a chronometer, after which the horse was
left alone for 5 mins to become accustomed to the presence of the apparatus in the stall (Pre-Test). The operator
then opened the compressed air valve, inflating the balloon, which opened the flaps on the device. The balloon
suddenly appeared in the horse’s stall, remaining inflated for 5 mins (Stress Test). Video and heart rate variability
recording began at the start of the Pre-Test and lasted for the entire Stress Test*’.

Parameters collected and Data Analysis. We analyzed Pre-Test and Stress-Test videos and collected
the frequency (number of times in which the behavior was displayed during the test) of all relevant behaviors
performed. By paying particular attention to those patterns considered as indicators of frustration we focused on
Snorts (SNT), Snore (SN), Vacuum Chewing (VC), Head/Body Shaking (HBSH) and Avoidance/Flee attempts (for
detailed definition see Table 1).
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A snort is a forceful exhalation through the nostrils and
characterized by an audible flutter pulsation®'. It has been mostly
associated with a hygienic function of clearing the nostrils of
phlegm, flies or other irritants®’.

Operational definition

It is used defensively and aggressively and is in equestrian contexts
Snort (SN'T) associated with exercise and conflict during restraint®. Snorts
appear to be a displacement activity and seem to express the

horses’ restlessness®!. and frustration®2. On the other hand, snort
appears as a possible reliable indicator of positive emotions since
its production is associated with positive contexts (in pasture, while
feeding) and states and it is less frequent in horses showing an
altered welfare®.

Functions suggested

Snores are non-voiced sounds that seem incidental to inhalation,

tional definiti : AR
Operational definition especially under specific circumstances®’.

The snore that is a broadband inhalation sound can be heard when
Snore (SN) the horse inhales to emit an alarm blow or has dyspnea lasting
0.3-0.5seconds’. It probably serves as a preparatory or sensitizing
cue for the subsequent alarm blow. The second situation is during
the labored breathing of a recumbent horse, in which case the
sound lasts 1.0-1.8 seconds.

Functions suggested

Operational definition | Chewing with nothing in the mouth?.

) Vacuum chewing indicates frustration in horses®>*’. It is considered

Vacuum chewing (VC) Functi ted as a displacement behavior in stressful situation in other species®*.
unctions suggeste This behavior has been also associated to emotions, which have a

positive valence, regardless of the arousal level of individuals®®.

. . Rapid rhythmic rotation of the head, neck and upper body along
Head and body shaking Operational definition the long axis while standing with feet planted.

(HBSH) Functions suggested Stress-related head shaking is characterized by repeated rhythmic
88 flipping motions of the head®.

. . The head is usually held low and ears turned back. The retreat can
Operational definition . N 67
Avoidance/Flee attempt be at any gait but typically occurs at the trot®.
Functions suggested The horse moves away from a general stressor’.

Table 1. Description of the behavioral patterns monitored and collected during both the Pre-Test and the
Stress-Test.

Regarding physiological parameters, in addition to the mean value of Heart Rate (beats/min), the heart rate
variability (HRV) in time domain was collected*’. Some of those variables referring to HRV are specifically linked
to the transition toward sympathetic control of cardiac activity (standard deviation of the beat-to-beat inter-
vals, SDRR and the square root of the mean squared differences of successive beat-to-beat intervals, RMSSD*°).
According to a general rule in HRV collection, we obtained a unique value for each of the HRV parameters (such
as SDRR and RMSSD) over 5minutes'!.

To verify the presence of any possible variation in physiological parameters, a comparison of physiological
variables between Pre-Test and Stress-Test has been made. Since these data were collected in a time domain of
5minutes, a measure of the variability of changing features was needed. In this regard, specific formula has been
elaborated in order to obtain a unique value for each physiological variable comparing their trend during the
control and experimental conditions (Pre-Test versus Stress-Test).

A = Value of the parameter during theg, . esx — Value of the parameter during thep, .o

Physiological Parameter

Same formula was applied for the frequency of those behaviors which were found to vary between the two
tests.

A N° of time the behavior was displayed during theg,.qcrest

Behavior

—N° of time the behavior was displayed during thep ey

All data generated or analyzed during this study are included (see Supplementary Information) while original
videos are available from the corresponding author on reasonable request.

Non-parametric statistics was applied to those data that did not follow a normal distribution (KS; p < 0.05).
The frequency of behaviors in Pre-Test and Stress-Test was compared via the Exact Wilcoxon’s Signed Rank Test.
The Friedman Test was used to investigate the variation of behaviors, in terms of frequency, across the different
minutes during the Stress-Test. The Dunnett post-hoc Test was applied to detect in which minutes the frequency
of behaviors significantly differed. To check for a potential correlation between behavioral and physiological data
the Spearman Test was used. Finally, via the Paired Samples T Test we compared physiological data recorded
during the Pre-Test and the Stress-Test.

Ethical statement. This study was carried out in accordance with the EU Directive 2010/63/EU for animal
experiments (adopted by the Italian Animal Care Act, decree Law 26/2014). The Ethical Committee on Animal
Experimentation of the University of Pisa approved the experimental design (Prot. N. 0033937/2018). Consent to
participation in the test was signed by each horse owner.
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Results
Regarding the avoidance/attempt to flee pattern, 28 out of 33 horses showed at least one avoidance or attempt to
flee immediately after the administration of the stimulus (inflated balloon).

Differences in frequency of behaviors between Pre-Test and Stress-Test. To investigate the var-
iability of behaviors, in terms of frequency of appearance for each one of them, we collected the onset of all
behaviors, one per time, for all animals comparing the Pre-Test and Stress-Test. The distribution of snore behav-
ior significantly differed between Pre-Test and Stress-Test (Snorep,, 1. mean =+ SD 0.63 & 1.08; Snoreg; e rest
mean = SD 4.18 £ 5.91; Exact Wilcoxon’s Signed Rank Test, Tgy =42.50, ties =5, n=233, p=0.0001) with a higher
frequency of snore in the Stress-Test when compared to the Pre-Test. No differences were found between Pre-Test
and Stress-Test regarding the frequency of snorts (Snortp,, 1. mean = SD 0.27 £ 0.51; Snortg g 1es; Mean & SD
0.21 £0.59; Exact Wilcoxon’s Signed Rank Test, Tgyp = 37.00, ties =20, n =33, p=0.523). The performance
of vacuum chewing significantly differed between Pre-Test and Stress-Test (Vacuum chewingp,, . mean £ SD
0.36 1+ 0.89; Vacuum chewingg e et mean & SD 0.90 & 1.10; Exact Wilcoxon’s Signed Rank Test, Ty =27.00,
ties=16, n=33, p=0.017), with a higher frequency of the behavior during the Stress-Test. No differences were
found between Pre-Test and Stress-Test regarding the frequency of head/body shaking (Head/body shakingp,. 1.
mean £ SD 0.66 + 1.65; Head/body shakingg.s.tess mean & SD 0.81 = 2.33; Exact Wilcoxon’s Signed Rank Test,
Thpsy = 32.00, ties =22, n =33, p=0.928).

Trends of variation in Snore and Vacuum Chewing. In order to have an integrating perspective of the
tendency shown by snore and vacuum chewing across the stress condition, we developed a graphical model of
their performance in which the variation of frequency of both snore and vacuum chewing is shown, minute by
minute during the Stress-Test (Fig. 1). The A formula employed here accounts for the rate of both behaviors dur-
ing the 5 minutes Stress-Test, revealing a slight difference between their patterns: the snore occurrence shows in
fact a distinct peak in the first couple of minutes of the experiment and then it gradually wanes; on the other hand,
the vacuum chewing frequency seems to permeate the entire test with its mild incidence, constantly affecting the
whole duration of the trial. Even though these behaviors were the only ones whose frequency differed between the
Pre-Test and the Stress-Test, when it came to look at the dissimilarity between each minute of the Stress-Test, a
significant variation may be seen within the frequency of snore behavior (Friedman Test, x*=41.5, df=4,n=33,
p=0.0001), while no significant differences have been found in the variation of vacuum chewing (Friedman Test,
x?=5.4,df=4,n=33,p=0.245).

Moreover, the Dunnett post-hoc Test confirmed the strong discrepancy between the Asnore in the 1’ and
the 2’ minute of Stress-Test (p =0.01), likewise the 2’ and the 3’ minute (p =0.05). No differences were found
between the 3" and the 4’ minute (p = 1.00), or the 4’ and the 5" ones (p =1.00).

Behavioral data and physiological variables. Before verifying whether the difference between the
Pre-Test and the Stress-Test in terms of frequency of behaviors would have had a correspondence in physiological
cardiac activity, a direct comparison between the physiological parameters values across the control and experi-
mental conditions needed to be conducted in order to exclude from the comparison with behavioral data, those
variables which remained basically unchanged during the Stress-Test.

The trend of all physiological parameters collected was compared between Pre-Test and Stress-Test. The Heart
Rate (HR) and the standard deviation of the beat-to-beat intervals (SDRR) values are the only parameters which
show significant difference between the Pre-Test (HR mean 4= SD 45.70 = 13.27; SDRR mean =+ SD 121.25 £ 53.47;
Paired Samples T Test, T = —2.613, n =33, py = 0.014) and the Stress-Test (HR mean + SD 49.09 + 11.11; SDRR
mean £ SD 196.70 4= 100.95; Paired Samples T Test, T = —4.470, n =33, psprr = 0.0001), with a higher rate during
the Stress-Test in both of them.

Once established which physiological parameters increased in the stressful experimental setting, the corre-
spondence between behavior and physiology needed to be verified. The correlation between increasing physi-
ological variables (HR and SDRR) and increasing behavioral frequency (snore and vacuum chewing) has been
conducted using a specific A formula (see 2.1) which contemplates changing values, thus measuring the varia-
tion. The test revealed a positive correlation between the Asnore and the AHR (Spearman Correlation, r =0.545,
n =33, pasnanr = 0.001; Fig. 2). In order to avoid a deceiving result due to the presence of an outlier, the test
has been replicated by removing the outlier from the sample. The correlation remained statistically positive
(Spearman Correlation, r=0.500, n =32, pysnanr = 0.004). A positive correlation has been also found between
the Asnore and the ASDRR (Spearman Correlation, r =0.524, n = 33, psyasprr = 0.002; Fig. 3). Regarding
Avacuum chewing, no correlation has been found with the AHR (Spearman Correlation, r =0.093, n =33,
Paveanr = 0.606), nor with ASDRR (Spearman Correlation, r =0.294, n =33, pavcasprr = 0.096).

In order to be sure that those behavioral patterns that did not differ in frequency would have not been
considered as indicator of frustration in horses, we also verify the potential correlation between Asnorts and
Ahead/body shaking with physiological variation. Neither the snorts nor the head/body shaking correlated with
any physiological parameters (Spearman Correlation, r =0.133, n =33, psnrsanr = 0.462; r=—0.177, n =33,
Pasntasprr = 0.325; 1 =0.046, n =33, psppsuanr = 0.800; r =0.144, n =33, p, ypsuasprr = 0-424). To exclude the
possibility of a spurious result, a test was conducted to confirm the lack of correlation between the two physiolog-
ical parameters (Pearson Correlation, r =0.218, n =33, psprranr = 0-223).
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Figure 1. Variation in frequency of snore (SN, black dot) and vacuum chewing (VC, white dot) during each
minute of the Stress-Test. Variations were calculated via the A formula accounting for the rate of both behaviors
comparing the Pre-Test and the Stress-Test. A clear difference between the performances of the behaviors is
observable, with a peak of snore occurring in the first couple of minutes of the experiment, and the vacuum
chewing constantly performed during the test.

Discussion

Our results show that the only behavioral pattern satisfying the two criteria postulated to consider a behavior as a
reliable stress indicator was the snore. Snore frequency significantly increased in the Stress-Test (criterion 1) and
its variation (s107€yperimental MINUS $707€ onyro1) correlated with the shifting of the physiological variables linked to
heart activity (criterion 2). Vacuum chewing satisfied only the first criterion thus increasing after the administra-
tion of the stimulus, but it did not show correlation with any of the physiological parameters considered. Snort
and head/body shaking did not satisfy either the first or the second criterion.

The function of snore in horses has been associated to fear for novel stimuli, probably used prior to non-vocal
alarm sounds®. A scientific debate embraces the potential function of vacuum chewing, whose occurrence gen-
erally reveals a state of frustration in horses*>*” and it is considered as a displacement activity in some other
species®>3,

Our results also show that the only physiological parameters that differed between the control and experimen-
tal conditions were the HR and the SDRR. The values of HR and the SDRR were higher during the Stress-Test
compared to the Pre-Test. SDRR is a measure of the variability across the different R-R intervals, thus estimating
the overall HRV and therefore including the contribution of both branches of the autonomic nervous system.
Generally speaking, a reduction in SDRR indicates a transition toward sympathetic control over cardiac activity
and, as a consequence, an increase of the stress level. It is worth noting that, contrary to what we have found, an
overall decrease of SDRR should have been expected in a stressful situation.

Looking at the behavioral variation throughout the Stress-Test, a peak in Asnore during the first couple of
minutes appears conspicuous, probably due to the sudden appearance of the unfamiliar object, working as a sort
of preparation to investigation. This immediate response is also confirmed by the heart rate (HR) in the Stress
Test, which is indeed higher if compared with the Pre-Test. Unlike snore, Vacuum chewing, although the low
frequency of performance (only 19 of 33 animals performed this behavior), is constantly enacted throughout the
trial, thus minimizing the overall variation of the behavior itself during the 5-min time window. Taken together
all these data suggest that snore and vacuum chewing are stress-releasing behaviors that, at the same time, indicate
a stressful condition.

As in the case of self-grooming, scratching and yawning in human*® and non-human primates*, snore and
vacuum chewing can be considered displacement activities. Such activities occur under circumstances in which
they are apparently irrelevant to ongoing events and that seem to reflect the motivational ambivalence/frus-
tration coming from conflict situations*>*°-!. There is a linkage between self-directed behaviors (displacement
activities) and stress levels. For example, in monkeys Duboscq et al.>> demonstrated a strong connection between
self-directed behaviors and stress-induced hormones. Moreover, in the minutes following aggression monkeys
(Macaca spp.) experience an increase of HR and self-directed behaviors (scratching, in this case)*=>. Yawning in
adult boobies (Sula granti) has been explained by the ‘arousal reduction hypothesis, which claims that this species
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Figure 2. Correlation between the variation of the snore behavior (ASNORE) and the variation of the heart rate
(AHR) between Pre-Test and Stress-Test (Spearman Correlation, r =0.545, n =33, pasnyanr = 0.001).

yawns to down-regulate arousal, after external stressors disrupted its balance®. In a similar way, the ‘state chang-
ing hypothesis’ predicts that yawning in lemurs (Lemur catta) is a potential physiological enhancer associated to
the transition from one behavior to another”. Both these hypotheses, which explicitly focus on the internal state
of the animal, seem to fit with our results on self-directed behaviors in horses.

Snores, often followed by blows (which corresponds to a short very intense non-pulsed exhalation through the
nostrils and is generally associated with vigilance/alarm postures***’, indicate low alert context prior to the inves-
tigation of novel objects or obstacles, following the terminology proposed by Stomp ef al.*>. Snore, along with
blowing, has been considered indicator of emotionality and fear in several studies®®*. Briefer and colleagues®
suggested that the increased time spent in vacuum chewing during controlled positive situations, as compared
to negative ones, could indicate positive emotions in horses triggered by the sight of their group mate(s) coming
back to the stable, following the high-arousal negative emotion triggered by group mate(s) leaving. These inter-
pretations of snoring and vacuum chewing suggest a sort of transitional role of these behaviors, which appear to
occur at the same time as the individual’s emotional state varies in order to adapt to a new condition.

The maintenance of “homeostasis” explains how the deviation from a specific set-point of a series of physio-
logical variables may be counteracted by physiological responses whose only purpose is to restore the basal level®.
This ability, also called resilience, is strongly adaptive®’. In this perspective, it is not only important how rapid and
efficient the recovery could be (i.e. the modulation of resilience)®?, but also which are the behavioral strategies
contributing to such recovery. If we consider snore as a stress-releasing behavior mainly expressed in the first two
minutes of the Stress-Test to restore a basal condition, the variation of SDRR values obtained across the 5-min
window is not surprising. The homeostasis obtained via the enactment of such behaviors could be physiologically
expressed in a proper sympato-vagal balance. Hence, in this case, resilience skills could correspond to a preva-
lence of parasympathetic control that can come into play in the last minutes of the Stress-Test thus increasing
SDRR values. Furthermore, the horse is a vagotonic animal, meaning that its heart rate is under vagal inhibition
up to 120-140 beats/min®*** and, even though the HR increased during Stress-Test in our study, it never reached
such peak frequency.

Conclusion
In conclusion, not all the self-directed behaviors considered can function as stress-releasing behaviors in horses,
but only those which increased in frequency during the experimental test and whose variation correlates with the
variation of specific physiological parameters. In particular, the variation of the snore was found to be modulated
over time, contrary to the vacuum chewing, whose variation appears constant across the time-window considered.
Then, we cannot exclude that some other behaviors could occur later, thus playing a role in stress-releasing at a
delayed level.

In this study, we hypothesized that in horses the resilience ability is an adaptive strategy useful for managing
everyday environmental and social challenges. The capacity to recognize specific frustration-related behaviors in
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Figure 3. Correlation between the variation of the snore behavior (ASNORE) and the variation of the Standard
Deviation of R-R peak intervals, SDRR (ASDRR) between Pre-Test and Stress-Test (Spearman Correlation,
r=0.524, n =33, pasnasore = 0.002).

horses is crucial for riders, owners and caretakers to properly read and interpret the internal state of animals and,
in turns, improve their welfare.

To effectively get all the benefits coming from the combination of behavioral and physiological signals, a
promising goal would be the accomplishment of more accurate HRV detection in animals, as it has been already
done for humans. Indeed, a new approach of data analysis and interpretation has recently allowed to record
human HRV with an interval of 30 seconds*®%. Applying the same method to non-human animals, it would be
possible to accurately link physiological parameters and behaviors in a shorter time domain.

References
1. Moberg, G. P. A Model for Assessing the Impact of Behavioral Stress on Domestic Animals. ] Anim Sci 65(5), 1228-1235 (1987).
2. Selye, H. The Physiology and Pathology of Exposures to Stress. Acta Medica Publ., Montreal (1950).
3. Koolhaas, J. M. et al. Stress revisited: a critical evaluation of the stress concept. Neurosci Biobehav Rev 35(5), 1291-1301 (2011).
4. Chrousos, G. P. Stress and disorders of the stress system. Nat Rev Endocrinol 5(7), 374-381, https://doi.org/10.1038/nrendo.2009.106
(2009).
. Lazarus, R. S. Cognition and motivation in emotion. American Psycho 46(4), 352 (1991).
6. Dingemanse, N. J., Kazem, A. J., Réale, D. & Wright, ]. Behavioural reaction norms: animal personality meets individual plasticity.
Trends Ecol Evol 25(2), 81-89, https://doi.org/10.1016/j.tree.2009.07.013 (2010).
7. Visser, E. K. et al. Heart rate and heart rate variability during novel object test and a handling test in young horses. Physiol Behav
76(2), 289-296, https://doi.org/10.1016/S0031-9384(02)00698-4 (2002).
8. Hagan, J. . & Bohus, B. The effects of endorphins on cardiac responses during an emotional stress. Physiol Behav 31, 607-614 (1983).
9. Korte, S. M., Koolhaas, J. M., Schuurman, T., Traber, J. & Bohus, B. Anxiolytics and stress-induced behavioural and cardiac
responses: a study of diazepam and ipsapirone. Eur J. Pharmacol 179(3), 393-401, https://doi.org/10.1016/0014-2999(90)90180-E
(1990).
10. Sgoifo, A., Koolhaas, J. M., Musso, E. & De Boer, S. E Different sympathovagal modulation of heart rate during social and nonsocial
stress episodes in wild-type rats. Physiol Behav 67(5), 733-738, https://doi.org/10.1016/S0031-9384(99)00134-1 (1999).
11. Von Borrel, E. et al. Heart rate variability as a measure of autonomic regulation of cardiac activity for assessing stress and welfare in
farm animals review. Physiol Behav 92(3), 293-316, https://doi.org/10.1016/j.physbeh.2007.01.007 (2007).
12. Segerstrom, S. C. & Nes, L. S. Heart rate variability reflects self-regulatory strength, effort, and fatigue. Psychol Sci 18(3), 275-81,
https://doi.org/10.1111/j.1467-9280.2007.01888.x (2007).
13. Gross, J. J. The emerging field of emotion regulation: an integrative review. Rev. Gen Psychol 2(3), 271-299 (1998).
14. Appelhans, B. M. & Luecken, L. J. Heart rate variability as an index of regulated emotional responding. Rev Gen Psychol 10(3),
229-240, https://doi.org/10.1037/1089-2680.10.3.229 (2006).
15. Mendl, M., Burman, O. H. & Paul, E. S. An integrative and functional framework for the study of animal emotion and mood. Proc R
Soc Lond B Biol Sci 277, 2895-2904, https://doi.org/10.1098/rspb.2010.0303 (2010).
16. Alvares, G. A. et al. Reduced Heart Rate Variability in Social Anxiety Disorder: Associations with Gender and Symptom Severity.
PloS One 8(7), 1-9, https://doi.org/10.1371/journal.pone.0070468 (2013).
17. Hart, J. Association between heart rate variability and manual pulse rate. J. Can Chiropract Assoc 57(3), 243 (2013).
18. Lai, F,, Chang, W. & Jeng, C. The relationship between physical activity and heart rate variability in orthotopic heart transplant
recipients. J. Clin Nurs 21(21-22), 3235-3243, https://doi.org/10.1111/j.1365-2702.2012.04070.x (2012).

w

SCIENTIFIC REPORTS |

(2018) 8:17501 | DOI:10.1038/s41598-018-35561-7 7


http://dx.doi.org/10.1038/nrendo.2009.106
http://dx.doi.org/10.1016/j.tree.2009.07.013
http://dx.doi.org/10.1016/S0031-9384(02)00698-4
http://dx.doi.org/10.1016/0014-2999(90)90180-E
http://dx.doi.org/10.1016/S0031-9384(99)00134-1
http://dx.doi.org/10.1016/j.physbeh.2007.01.007
http://dx.doi.org/10.1111/j.1467-9280.2007.01888.x
http://dx.doi.org/10.1037/1089-2680.10.3.229
http://dx.doi.org/10.1098/rspb.2010.0303
http://dx.doi.org/10.1371/journal.pone.0070468
http://dx.doi.org/10.1111/j.1365-2702.2012.04070.x

www.nature.com/scientificreports/

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Liu, J., Wei, W,, Kuang, H., Zhao, E & Tsien, J. Z. Changes in Heart Rate Variability Are Associated with Expression of Short-Term
and Long-Term Contextual and Cued Fear Memories. PloS One 8(5), 1-14, https://doi.org/10.1371/journal.pone.00635900 (2013).
Stucke, D., Ruse, M. G. & Lebelt, D. Measuring heart rate variability in horses to investigate the autonomic nervous system activity
- Pros and cons of different methods. Appl Anim Behav Sci 166, 1-10, https://doi.org/10.1016/j.applanim.2015.02.007 (2015).
Baragli, P. et al. Consistency and flexibility in solving spatial tasks: different horses show different cognitive styles. Sci Rep 7(1),
16557, https://doi.org/10.1038/s41598-017-16729-z (2017).

Schmidt, A., Aurich, J., Mostl, E., Muller, J. & Aurich, C. Changes in cortisol release and heart rate and heart rate variability during
the initial training of 3-year-old sport horses. Horm Behav 58(4), 628-636, https://doi.org/10.1016/j.yhbeh.2010.06.011 (2010).
Rietmann, T. R. et al. Assessment of mental stress in warmblood horses: Heart rate variability in comparison to heart rate and
selected behavioural parameters. Appl Anim Behav Sci 88(1-2), 121-136, https://doi.org/10.1016/j.applanim.2004.02.016 (2004).
Fischer, C. P, Franco, L. A. & Romero, L. M. Are novel objects perceived as stressful? The effect of novelty on heart rate. Physiol
Behav 161, 7-14, https://doi.org/10.1016/j.physbeh.2016.04.014 (2016).

Budzynska, M. Stress reactivity and coping in horse adaptation to environment. J. Equine Vet Sci 34(8), 935-941, https://doi.
org/10.1016/j.jevs.2014.05.010 (2014).

Boissy, A. et al. Assessment of positive emotions in animals to improve their welfare. Physiol Behav 92(3), 375-397, https://doi.
org/10.1016/j.physbeh.2007.02.003 (2007).

Fox, E. Emotion Science Cognitive and Neuroscientific Approaches to Understanding Human Emotions (Palgrave Macmillan,
2008).

Borstel, K. U,, Visser, E. K. & Hall, C. Indicators of stress in equitation. Appl Anim Behav Sci 190, 43-56, https://doi.org/10.1016/j.
applanim.2017.02.018 (2017).

Mason, J.W. Emotion as reflected in patterns of endocrine integrations, in Emotions - Their parameters and measurement (ed. Levi,
L.) 143-181 (Raven, 1975).

De Santis, M. et al. Equine Assisted Interventions (EAIs): Methodological Considerations for Stress Assessment in Horses. Vet Sci
4(3), 44, https://doi.org/10.3390/vetsci4030044 (2017).

Waring, G.H. Horse Behaviour, 2™ ed. (Noyes Publications William Andrew Publishing, 2003).

Lesimple, C., Sankey, C., Richard, M. A. & Hausberger, M. Do horses expect humans to solve their problems? Front Psychol 3, 306,
https://doi.org/10.3389/fpsyg.2012.00306 (2012).

Stomp, M. et al. An unexpected acoustic indicator of positive emotions in horses. PloS One 13(7), 0197898, https://doi.org/10.1371/
journal.pone.0197898 (2018).

Bergeron, R., Badnell-Waters, S., Lambton, S. & Mason, G. Captive ungulates: foraging, diet and gastrointestinal function in
Stereotypic Animal Behaviour: Fundamentals and Applications to Welfare 2" ed. (eds Mason, G. & Rushen, J.) 19-57 (Oxford Press,
2006).

Tinbergen, N. Derived activities; their causation, biological significance, origin, and emancipation during evolution. Q. Rev Biol
27(1), 1-32 (1952).

Troisi, A. Displacement activities as a behavioral measure of stress in nonhuman primates and human subjects. Stress 5(1), 47-54,
https://doi.org/10.1080/102538902900012378 (2002).

Rochais, C., Henry, S. & Hausberger, M. “Hay-bags” and “Slow feeders”: Testing their impact on horse behaviour and welfare. Appl
Anim Behav Sci 198, 52-59, https://doi.org/10.1016/j.applanim.2017.09.019 (2018).

Briefer, E. E et al. Segregation of information about emotional arousal and valence in horse whinnies. Sci Rep 4, 9989, https://doi.
org/10.1038/srep09989 (2015).

Kaiser, L., Heleski, C. R,, Siegford, J. & Smith, K. A. Stress-related behaviors among horses used in a therapeutic riding program. J.
Am Vet Med Assoc 228(1), 39-45, https://doi.org/10.2460/javma.228.1.39 (2006).

Baragli, P, Vitale, V., Banti, L. & Sighieri, C. Effect of aging on behavioural and physiological responses to a stressful stimulus in
horses (Equus caballus). Behaviour 151(11), 1513-1533, https://doi.org/10.1163/1568539X-00003197 (2014).

Hausberger, M., Muller, C. & Lunel, C. Does work affect personality? A study in horses. PloS One 6(2), 14659, https://doi.
org/10.1371/journal.pone.0014659 (2011).

Désiré, L., Boissy, A. & Veissier, I. Emotions in farm animals: a new approach to animal welfare in applied ethology. Behav Process
60(2), 165-180, https://doi.org/10.1016/S0376-6357(02)00081-5 (2002).

Stanley, D. J. & Meyer, J. P. Two-dimensional affective space: a new approach to orienting the axes. Emotion 9(2), 214-237, https://
doi.org/10.1037/a0014612 (2009).

Barrett, L. F, Mesquita, B., Ochsner, K. N. & Gross, J. J. The experience of emotion. Ann Rev Psychol 58, 373-403, https://doi.
org/10.1146/annurev.psych.58.110405.085709 (2007).

Nesse, R. M. & Ellsworth, P. C. Evolution, emotions, and emotional disorders. Am Psychol 64(2), 129-139, https://doi.org/10.1037/
0013503 (2009).

Task Force of the European Society of Cardiology. North American Society of Pacing and Electrophysiology, Heart rate variability:
standards of measurement, physiological interpretation, and clinical use. Circulation 93(5), 1043-1065 (1996).

Yeon, S. C. Acoustic communication in the domestic horse (Equus caballus). J. Vet Behav 7(3), 179-185, https://doi.org/10.1016/j.
jveb.2011.08.004 (2012).

Maestripieri, D., Schino, G., Aureli, F. & Troisi, A. A modest proposal: displacement activities as an indicator of emotions in
primates. Anim Behav 44(5), 967-979, https://doi.org/10.1016/S0003-3472(05)80592-5 (1992).

Zeigler, H. P. Displacement activity and motivational theory: a case study in the history of ethology. Psychol Bull 61(5), 36-376,
https://doi.org/10.1037/h0044307 (1964).

McFarland, D. On the causal and functional significance of displacement activities. Z. Tierpsychol 23(2), 217-235, https://doi.
org/10.1111/§.1439-0310.1966.tb01600.x (1966).

Spruijt, B. V., Van Hooff, J. A. & Gispen, W. H. Ethology and neurobiology of grooming behaviour. Physiol Rev 72(3), 825-852
(1992).

Duboscq, J., Romano, V., Sueur, C. & Maclntosh, A. J. J. Scratch that itch: revisiting links between self-directed behaviour and
parasitological, social and environmental factors in a free-ranging primate. R. Soc Open Sci 3(11), 160571, https://doi.org/10.1098/
r508.160571 (2016).

Schino, G., Scucchi, S., Maestripieri, D. & Turillazzi, P. G. Allogrooming as a tension-reduction mechanism: a behavioral approach.
Am J. Primatol 16(1), 43-50, https://doi.org/10.1002/ajp.1350160106 (1988).

Aureli, E, Van Schaik, C. P. & Van Hooff, J. A. R. A. M. Functional aspects of reconciliation among captive long-tailed macaques
(Macaca fascicularis). Am J. Primatol 19(1), 39-51, https://doi.org/10.1002/ajp.1350190105 (1989).

Boccia, M. L., Reite, M. & Laudenslager, M. On the physiology of grooming in a pigtail macaque. Physiol Behav 45(3), 667-670,
https://doi.org/10.1016/0031-9384(89)90089-9 (1989).

Liang, A. C,, Grace, J. K., Tompkins, E. M. & Anderson, D. J. Yawning, acute stressors, and arousal reduction in Nazca booby adults
and nestlings. Physiol Behav 140, 38-43, https://doi.org/10.1016/j.physbeh.2014.11.029 (2015).

Zannella, A., Norscia, I., Stanyon, R. & Palagi, E. Testing yawning hypotheses in wild populations of two strepsirrhine species:
Propithecus verreauxi and Lemur catta. Am J. Primatol 77(11), 1207-1215, https://doi.org/10.1002/ajp.22459 (2015).

Lansade, L., Bouissou, M. F. & Erhard, H. W. Fearfulness in horses: A temperament trait stable across time and situations. Appl Anim
Behav Sci 115(3-4), 182-200, 10.1016/] (2008).

SCIENTIFIC REPORTS |

(2018) 8:17501 | DOI:10.1038/541598-018-35561-7 8


http://dx.doi.org/10.1371/journal.pone.00635900
http://dx.doi.org/10.1016/j.applanim.2015.02.007
http://dx.doi.org/10.1038/s41598-017-16729-z
http://dx.doi.org/10.1016/j.yhbeh.2010.06.011
http://dx.doi.org/10.1016/j.applanim.2004.02.016
http://dx.doi.org/10.1016/j.physbeh.2016.04.014
http://dx.doi.org/10.1016/j.jevs.2014.05.010
http://dx.doi.org/10.1016/j.jevs.2014.05.010
http://dx.doi.org/10.1016/j.physbeh.2007.02.003
http://dx.doi.org/10.1016/j.physbeh.2007.02.003
http://dx.doi.org/10.1016/j.applanim.2017.02.018
http://dx.doi.org/10.1016/j.applanim.2017.02.018
http://dx.doi.org/10.3390/vetsci4030044
http://dx.doi.org/10.3389/fpsyg.2012.00306
http://dx.doi.org/10.1371/journal.pone.0197898
http://dx.doi.org/10.1371/journal.pone.0197898
http://dx.doi.org/10.1080/102538902900012378
http://dx.doi.org/10.1016/j.applanim.2017.09.019
http://dx.doi.org/10.1038/srep09989
http://dx.doi.org/10.1038/srep09989
http://dx.doi.org/10.2460/javma.228.1.39
http://dx.doi.org/10.1163/1568539X-00003197
http://dx.doi.org/10.1371/journal.pone.0014659
http://dx.doi.org/10.1371/journal.pone.0014659
http://dx.doi.org/10.1016/S0376-6357(02)00081-5
http://dx.doi.org/10.1037/a0014612
http://dx.doi.org/10.1037/a0014612
http://dx.doi.org/10.1146/annurev.psych.58.110405.085709
http://dx.doi.org/10.1146/annurev.psych.58.110405.085709
http://dx.doi.org/10.1037/a0013503
http://dx.doi.org/10.1037/a0013503
http://dx.doi.org/10.1016/j.jveb.2011.08.004
http://dx.doi.org/10.1016/j.jveb.2011.08.004
http://dx.doi.org/10.1016/S0003-3472(05)80592-5
http://dx.doi.org/10.1037/h0044307
http://dx.doi.org/10.1111/j.1439-0310.1966.tb01600.x
http://dx.doi.org/10.1111/j.1439-0310.1966.tb01600.x
http://dx.doi.org/10.1098/rsos.160571
http://dx.doi.org/10.1098/rsos.160571
http://dx.doi.org/10.1002/ajp.1350160106
http://dx.doi.org/10.1002/ajp.1350190105
http://dx.doi.org/10.1016/0031-9384(89)90089-9
http://dx.doi.org/10.1016/j.physbeh.2014.11.029
http://dx.doi.org/10.1002/ajp.22459

www.nature.com/scientificreports/

59. Wolff, A., Hausberger, M. & Le Scolan, N. Experimental tests to assess emotionality in horses. Behav Processes 40(3), 209-221,
https://doi.org/10.1016/S0376-6357(97)00784-5 (1997).

60. Cannon, W. B. Homeostasis. The wisdom of the body (Norton, 1932).

61. Martin, K. & Wiebe, K. L. Coping mechanisms of alpine and arctic breeding birds: extreme weather and limitations to reproductive
resilience. Integr Comp Biol 44(2), 177-185, https://doi.org/10.1093/icb/44.2.177 (2004).

62. Wingfield, J. C. The comparative biology of environmental stress: behavioural endocrinology and variation in ability to cope with
novel, changing environments. Anim Behav 85(5), 1127-1133, https://doi.org/10.1016/j.anbehav.2013.02.018 (2013).

63. Hamlin, R. L., Klepinger, W. L., Gilpin, K. W. & Smith, C. R. Autonomic control of heart rate in the horse. Am J. Physiol 222(4),
976-978 (1972).

64. Physick-Sheard, P. W,, Marlin, D. J., Thornhill, R. & Schroter, R. C. Frequency domain analysis of heart rate variability in horses at
rest and during exercise. Equine Vet J. 32(3), 253-262, https://doi.org/10.2746/042516400776563572 (2000).

65. Nardelli, M. et al. Investigation of Lagged Poincaré Plot reliability in ultra-short synthetic and experimental Heart Rate Variability
series. In: 2017 39th Annual International Conference of the IEEE Engineering in Medicine and Biology Society (EMBC) (pp.
2329-2332). (2017)

66. McGreevy, P. Equine behavior: A guide for veterinarians and equine scientists (Saunders, 2004).

67. McDonnell, S. M. & Haviland, J. C. S. Agonistic ethogram of equid bachelor band. Appl. Anim. Behav. Sci. 43(3), 147-188, https://
doi.org/10.1016/0168-1591(94)00550-X (1995).

Acknowledgements

We thank private stables for making the horses and facilities available and M. Simonato for proofreading the
article. We are grateful to M. Hausberger for the precious advices and help in revising our work. This research did
not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Author Contributions
Study conception and design: C.S., E.P, C.S., P.B. Acquisition of data: C.S., P.B. Analysis and interpretation of
data: C.S., E.P, C.S,, PB. Drafting of manuscript: C.S., E.P, C.S., P.B. All authors equally contributed to critical
revisions of the manuscript.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-018-35561-7.

Competing Interests: The authors declare no competing interests.

Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
CE | jcense, which permits use, sharing, adaptation, distribution and reproduction in any medium or

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2018

SCIENTIFICREPORTS|  (2018)8:17501 | DOI:10.1038/s41598-018-35561-7 9


http://dx.doi.org/10.1016/S0376-6357(97)00784-5
http://dx.doi.org/10.1093/icb/44.2.177
http://dx.doi.org/10.1016/j.anbehav.2013.02.018
http://dx.doi.org/10.2746/042516400776563572
http://dx.doi.org/10.1016/0168-1591(94)00550-X
http://dx.doi.org/10.1016/0168-1591(94)00550-X
http://dx.doi.org/10.1038/s41598-018-35561-7
http://creativecommons.org/licenses/by/4.0/

	Physiological outcomes of calming behaviors support the resilience hypothesis in horses

	Methods

	Tested Animals. 
	Experimental Design. 
	Parameters collected and Data Analysis. 
	Ethical statement. 

	Results

	Differences in frequency of behaviors between Pre-Test and Stress-Test. 
	Trends of variation in Snore and Vacuum Chewing. 
	Behavioral data and physiological variables. 

	Discussion

	Conclusion

	Acknowledgements

	F﻿igure 1 Variation in frequency of snore (SN, black dot) and vacuum chewing (VC, white dot) during each minute of the Stress-Test.
	﻿Figure 2 Correlation between the variation of the snore behavior (∆SNORE) and the variation of the heart rate (∆HR) between Pre-Test and Stress-Test (Spearman Correlation, r = 0.
	﻿Figure 3 Correlation between the variation of the snore behavior (∆SNORE) and the variation of the Standard Deviation of R-R peak intervals, SDRR (∆SDRR) between Pre-Test and Stress-Test (Spearman Correlation, r = 0.
	Table 1 Description of the behavioral patterns monitored and collected during both the Pre-Test and the Stress-Test.




