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Simple Summary: Animal welfare is a current societal concern, and non-invasive indicators are
required to assess the welfare state of animals. The selection of horses for certain functions and
individual differences could result in different strategies to deal with stressors. This is why in the
present study we assessed behavioral and physiological responses of two types of horses (working
horses and Chilean rodeo horses) to a handling test (bridge test). We evaluated five behaviors, the
number of attempts, and the time required to cross a bridge. Heart rate and the variability of heart
rate were registered with a polar system during rest and during the bridge test. Chilean rodeo horses
displayed several active behaviors in order to avoid the bridge and required a higher number of
attempts to complete the task, but physiologically responded better. On the other hand, all working
horses crossed the bridge on the first attempt, without refusal behaviors, but physiologically did not
respond as well as Chilean rodeo horses. Behavior does not always correlate with physiological data,
and needs to be interpreted carefully when assessing horse welfare.

Abstract: Non-invasive measures are preferred when assessing animal welfare. Differences in
behavioral and physiological responses toward a stressor could be the result of the selection of horses
for specific uses. Behavioral and physiological responses of working and Chilean rodeo horses
subjected to a handling test were assessed. Five behaviors, number of attempts, and the time to cross
a bridge were video recorded and analyzed with the Observer XT software. Heart rate (HR) and heart
rate variability (HRV), to assess the physiological response to the novel stimulus, were registered with
a Polar Equine V800 heart rate monitor system during rest and the bridge test. Heart rate variability
data were obtained with the Kubios software. Differences between working and Chilean rodeo horses
were assessed, and within-group differences between rest and the test were also analyzed. Chilean
rodeo horses presented more proactive behaviors and required significantly more attempts to cross
the bridge than working horses. Physiologically, Chilean rodeo horses presented lower variability of
the heart rate than working horses.

Keywords: equine; welfare; heart rate variability; behavior; working horse; Chilean rodeo horse

1. Introduction

Animal welfare is a current societal concern, accompanied with an increase in awareness on how
animals are raised and used. This creates a challenge for scientists, who need to generate information

Animals 2019, 9, 397; doi:10.3390/ani9070397 www.mdpi.com/journal/animals

http://www.mdpi.com/journal/animals
http://www.mdpi.com
https://orcid.org/0000-0002-5039-2132
http://www.mdpi.com/2076-2615/9/7/397?type=check_update&version=1
http://dx.doi.org/10.3390/ani9070397
http://www.mdpi.com/journal/animals


Animals 2019, 9, 397 2 of 10

that can be useful to answer these concerns, but also contribute to the development of public policies
based on science. For the assessment of animal welfare, this has resulted in the development of different
evaluation protocols, based mainly on animal-based measures and also on individual differences that
may arise as a result of different coping styles.

The term coping has become more common in the studies of the influence of environmental
stressors on behavior and welfare [1,2]. Animals cope with environmental stressors through different
mechanisms, among which behavioral and physiological adjustments, such as changes in heart
rate variability (HRV), have been described [3,4]. Coping has been defined as the behavioral and
physiological adjustments of an animal to master a situation [1,5]. A coping style is a coherent set of
behavioral and physiological responses which are consistent over time and characteristic for a certain
group of individuals [5]. Horses can then show specific coping strategies, revealing specific behavioral
and physiological patterns to adapt to novel stressors [6].

On the basis of social stress research, two stress response patterns or coping styles have been
suggested by Henry and Stephens [7]. The first type, known as the proactive (active) response,
corresponds to the fight or flight response. Behaviorally, this response is characterized by territorial
control, aggression, high resistance to restraint, and these individuals are more prone to take risks
and form routines [1,5,8,9]. Proactive individuals respond physiologically with a strong sympathetic
activation and an increase in noradrenergic stimulation [10]. The second type is known as the reactive
(conservation-withdrawal) response characterized by behavioral immobility [11], in which the animal
adopts a passive response, showing low levels of aggression if any [5]. These individuals respond
to challenge with a strong hypothalamic-pituitary-adrenocortical (HPA-axis) and parasympathetic
reactivity, increasing circulating glucocorticoids [10], and a higher baseline of non-enzymatic antioxidant
capacity [12].

Since different coping styles involve particular responses of the autonomic nervous system (ANS),
the use of variables associated with the variability of the heart rate (HRV) can be useful indicators [13].
From the HRV, the time domain analysis variables such as the mean beat-to-beat interval (mean RR),
standard deviations of the RR intervals (SDNN), and root mean square of successive RR differences
(RMSSD) have been proven to be a remarkable non-invasive measure of the ANS that can be applied
in behavioral research to assess temperament and emotional states [13]. Moreover, frequency domain
analysis can better discriminate between the contributions of the sympathetic nervous system (SNS)
and the parasympathetic nervous system (PNS). This analysis includes two non-overlapping frequency
bands [14]. The low frequency band (LF) of the HRV is influenced by the SNS, whereas the PNS is
predominantly reflected in the high frequency band (HF). Considering this, it has been proposed that
the low-to-high frequency ratio (LF/HF) is an index of the sympathovagal balance [15]. Moreover, the
HF has been proven to be low during mental or physical stressful events [14].

Domestication has led to significant changes in the life of horses [16]. Housing and management
can result in stress responses [17,18] when they do not meet horses’ needs. This in turn can induce
changes in production efficiency, product quality, and performance. The intensity of these changes
varies according to the specific husbandry system in which equines are kept, usually associated with
their function or activity (sports, draught work, pleasure). Horses used for different functions could
also have different welfare problems and coping strategies. When owners or caretakers select horses
according to certain behavioral traits or according to their function, they could also be favoring certain
coping styles.

In Chile, it is still common to see urban working horses in the peri-urban areas of cities where
they perform draught work, transporting different types of products (wood, sand, vegetables) [19].
These horses are usually mixed breeds with an average height to the withers of 143 cm [19]. On the
other hand, Chilean rodeo is a national sport, where Chilean creole horses are used (average height
to the withers of 142 cm). The main physical effort of this sport consists of herding a steer within a
circular arena (medialuna), and then pressing the steer against a padded wall with the horse’s pectoral
muscles [20]. Chilean rodeo owners prefer certain behavioral characteristics that are usually associated
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with a more proactive coping style [21]. These horses are subjected to routines [22], and owners prefer
horses that respond more actively to commands and when working with a steer, whereas owners of
draught horses prefer horses that react minimally and remain calm when confronted with a stressor
(i.e., traffic) [21] and are subjected to a more flexible environment [19], characteristic of a reactive
coping style.

In prior work, differences in basal levels of cortisol, oxidative stress indicators, and leukocytes, all
parameters associated with stress response, were found between Chilean rodeo horses and Chilean
urban working horses [21]. However, that study did not evaluate the differences between these two
groups of horses when confronted with a potential stressor. The aim of this study was to investigate
behavioral and physiological differences between Chilean rodeo horses and Chilean urban working
horses when confronted with a handling test (bridge test).

2. Materials and Methods

2.1. Animals

A total of 26 horses, 13 working horses and 13 Chilean rodeo horses, were involved in this study.
All horses were physically healthy, mares and geldings all over 5 years of age that had been actively
performing either urban draught work (W-H) or Chilean rodeo exercise (R-H). All working horses
were evaluated at the Veterinary and Animal Sciences Faculty of the University of Chile. All working
horses arrived by trailer, and rested for at least 2 h before the start of the tests which were held between
10 a.m. and 4 p.m. All rodeo horses were assessed at the breeder’s farm during the same hours. To test
these horses, the same bridge was constructed on the breeder’s farm. All procedures were approved
by the institutional bioethical committee (certificate No. 12-2016).

2.2. Bridge Test (Handling Test)

The bridge test was designed as in Wolff et al. [23]. A bridge that was 1.5 m wide and 2 m long
with a wooden floor and green iron rails at each side of 1 m height was used, and a starting line was set
at a distance of 2 m before the bridge. The observer stood at a distance of 5 m (on the side) from where
each horse was video recorded. An operator (the same for all horses) led the horse to the bridge and
tried to make the horse cross it by pulling slightly on the rope if necessary. All horses were restrained
and led with only a lead rope attached to a halter.

When the horse avoided walking on the bridge by going sideways or backwards, they were led
back to the starting point and a new trial began. A trial was successful when the horse crossed the
bridge with all four feet.

2.3. Behavioral Measures

All horses were video recorded during the bridge test. The behavioral events observed were
retreat (backward movement with at least one foot), swerve (sideways movement), jump (over the
bridge), snort (forceful quick exhalation), and neigh (loud, prolonged high pitch call). Videos were then
analyzed using The Observer XT (2011) software (Noldus Information Technology, Wageningen, The
Netherlands). Offline continuous recording was used, and all behavioral event occurrences, number of
trials, and the total time to cross the bridge were registered.

2.4. Physiological Measures

Heart rate (HR) and heart rate variability (HRV) recordings were obtained using a Polar Equine
V800 heart rate monitor system (Polar Electro Oy, Kempele, Finland). For each horse, a 5 min long data
set during resting time was recorded [13]. For this, after placing the polar system, a habituation to the
monitor for 30 min was performed Then, a 5 min data set was obtained and the horse was led to the
area where the bridge test was performed. A second data set from the beginning of the bridge test
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until its end was obtained. Additionally, heart rate was also recorded at the start of the bridge test (T1),
when the horse crossed the bridge (T2), and 10 min after the bridge test (T3).

For HRV analysis, information from the Polar system was synchronized with the Kubios HRV
software (Kubios standard 3.2.0, Biomedical Signal Analysis Group, Department of Applied Physics,
University of Kuopio, Finland). Data were detrended using a smoothness parameter of 500 ms and
artifacts were corrected by setting the custom filter to 0.3, according to Ille et al. [24]. Frequency band
thresholds were established within each frequency interval using the following parameters: LF power
= 0.01–0.07 Hz; HF power = 0.07–0.6 Hz [25–27]. The type of data extracted from each recording is
shown in Table 1.

Table 1. Description of the time domain and frequency domain measures used in the present study.

Variable Unit Description

Time Domain Variables

HR bpm Heart rate
RR ms R wave to R wave interval or inter-beat interval
SDNN ms Standard deviations of the RR intervals
RMSSD ms Root mean square of successive RR differences

Frequency Domain Variables

LF Hz Low frequency band
HF Hz High frequency band
LF/HF ratio – Low frequency to high frequency ratio

2.5. Statistical Analysis

Descriptive statistics (mean and standard deviation) were calculated for both behavioral and
physiological measures. For physiological measures, normal distribution was assessed using the
Shapiro–Wilk test. Subsequently, differences between sampling periods (rest and bridge test) within
groups were calculated using the paired t-test or the Wilcoxon signed-rank test accordingly. For
differences between groups (R-H and W-H) for each sampling period, the two-sample t-test and
Wilcoxon rank-sum test were used. A p-value of <0.05 was established for significant differences.

3. Results and Discussion

The bridge test is considered a restraint and human fear test. This test involves a combination of
two potential stressors, namely, the procedure of handling and the fear towards humans [28]. Therefore,
the demeanor and skill of the handler may make a significant difference, and the use of a familiar
handler to the horse (owner, rider, or trainer) may have had a greater success in getting the horse to
cross the bridge faster. In the present study, this method was used with the aim of comparing the
behavioral and physiological responses between a group of working horses and a group of Chilean
rodeo horses. The results suggest that the challenge of crossing an unknown bridge elicited different
behavioral and physiological responses between the two groups.

3.1. Behavioral Measures

All working horses crossed the bridge on the first attempt, with a mean time of 9.77 ± 2 s. This
group of horses did not display any of the assessed behaviors, with the exception of one horse that
neighed before crossing the bridge. On the contrary, the Chilean rodeo horses required a significantly
higher (p = 0.007) number of attempts to cross the bridge (1.77), varying from 1 to 4 attempts and
an average time to cross of 19.81 ± 16 s (p = 0.09). Six rodeo horses required two or more attempts
to cross the bridge, and these horses showed swerving and retreating when approaching the bridge
and jumping once they started crossing it. Vocalizations such as snorts and neighs were present in
three of these horses (Table 2). The time to complete the test was lower than the time reported by
Wolff et al. [23], who reported times between 40 s and 10 min, although the distance from the bridge
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and the length of the bridge used in the present study were the same. Most studies have applied
this test to compare the emotionality of horses of different ages, sex, or training status [4,23,29] and
not according to function as in the present study. The behavioral results suggested that Chilean
rodeo horses displayed more active (proactive) behaviors attempting to avoid the bridge by removing
themselves from the stressor [30]. On the other hand, working horses passively accepted the handling
and crossed the bridge (reactive) [2,31].

Table 2. Exact time required for the bridge test, number of attempts, and frequency of occurrence of
each behavioral event registered for each horse. Mean and standard deviation (SD) of each variable are
also indicated.

Horse Time
(Seconds)

No.
Attempts Snort Jump Swerve Retreat Neigh

R-H W-H R-H W-H R-H W-H R-H W-H R-H W-H R-H W-H R-H W-H

1 8 9.01 1 1 0 0 0 0 0 0 0 0 0 0
2 20 11.89 3 1 0 0 1 0 2 0 0 0 0 0
3 26 9.69 2 1 0 0 1 0 1 0 0 0 1 0
4 21.8 6.06 2 1 0 0 1 0 2 0 1 0 0 0
5 11.01 8.06 1 1 0 0 0 0 0 0 0 0 0 0
6 8.4 7.24 1 1 0 0 0 0 0 0 0 0 0 0
7 8.02 9.5 1 1 0 0 0 0 0 0 0 0 0 0
8 7.22 9.11 1 1 0 0 0 0 0 0 0 0 0 0
9 40.56 9.48 3 1 3 0 0 0 2 0 0 0 0 0

10 9.37 12.39 1 1 0 0 0 0 0 0 0 0 0 0
11 8.75 11.81 1 1 0 0 0 0 0 0 0 0 0 0
12 27.82 12.15 2 1 3 0 1 0 0 0 1 0 1 0
13 60.54 10.36 4 1 0 0 0 0 4 0 0 0 0 1

R-W, rodeo horse; W-H, working horse.

3.2. Physiological Measures

A significant increase in HR between T1 and T2 was found in both groups of horses (p < 0.001 in
both groups), recovering initial HR by T3 (10 min after crossing the bridge), but no differences between
groups were found within any sampling time (Figure 1). The mean HR during the bridge test had a
small, but significant rise in both groups of horses, but no differences were found between groups,
neither for the minimum and maximum HR (Table 3). Fast alterations of the mean heart rate can occur
within 5 s as a response to fear or excitement in horses and are attributed usually with short-term
effects [4,13,32]. A rise in HR can be caused by an increase of the sympathetic activity, a decrease in
vagal regulation, or changes in both regulatory systems [13]. Thus, the use of HRV can provide a better
understanding of how the individual is coping with a stressor, since psychological states may have an
impact on the sympathovagal balance in the absence of changes in HR [33].

The mean RR had a significant decrease in both groups when comparing the resting period
with the bridge test period, as expected, with no differences between groups (Table 3). Contrary to
Visser et al.’s [4] findings, our results showed an increase of SDNN between rest and the bridge test in
the working horses’ group, and a significant difference between groups during the bridge test (Table 3).
Thus, the overall variability of the HR during the bridge test was higher in the Chilean rodeo horses’
group than in the working horses’ group. Additionally, the working horses’ overall variability of the
HR (SDRR) was higher during the bridge test than at rest, whereas the Chilean rodeo horses were
more balanced between rest and the bridge test (Table 3). On the other hand, RMSSD decreased
during the bridge test in both groups, but was significantly higher during the bridge test in the Chilean
rodeo horses indicating a higher activity of the parasympathetic nervous system (PNS) in this group.
The PNS has been associated with adaptive responses to the environment [34] and could indicate a
better coping capacity for the Chilean rodeo horses. Visser et al. [4] also propose that individuals



Animals 2019, 9, 397 6 of 10

with a higher PNS activity would be more explorative and adaptive to environmental demands; our
behavioral results would be in line with this since they displayed an active response in the bridge test.Animals 2019, 9, x 6 of 10 
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Figure 1. Box and whisker plot of the heart rate (HR) (bpm) of Chilean rodeo horses (dark grey) and
working horses (light grey) at the start of the bridge test (T1), after crossing the bridge (T2), and 10
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are indicated.

Table 3. The mean, standard deviation (SD), and p-values for each variable are provided according to
horse group and to sampling time (rest or bridge test).

Variable Time R-H W-H p-Value

Min HR (bpm)
rest 38.61 (4) 40.15 (5) 0.405
bridge 43.23 * (10) 41.54 (5) 0.962
p-value 0.045 0.097

Max HR (bpm)
rest 52.31 (8) 55.62 (11) 0.286
bridge 91.06 * (21) 87.07 * (20) 0.431
p-value <0.001 <0.001

Mean HR (bpm)
rest 43.35 (5) 45.10 (6) 0.392
bridge 57.05 * (15) 53.56 * (8) 1
p-value 0.001 0.001

Mean RR (ms)
rest 1402.58 (181) 1354.88 (189) 0.442
bridge 1110.33 * (244) 1152.82 * (225) 1
p-value <0.001 0.00

SDNN (ms)
rest 67.52 (28) 54.03 (15) 0.234
bridge 83.11 a (31) 71.58 b* (18) 0.047
p-value 0.142 0.001

RMSSD (ms)
rest 73.97 (26) 59.50 (21) 0.208
bridge 66.23 a (30) 54.38 b (17) 0.039
p-value 0.208 0.393

LF/HF ratio
rest 0.59 (0.6) 1.09 (0.9) 0.263
bridge 1.46 * (1.9) 2.36 * (2.2) 0.064
p-value 0.050 0.025

* Indicates significant differences (p < 0.05) within groups (R-H and W-H) between sampling periods (rest and
bridge test) for each variable. Different letters (a, b) indicate significant differences (p < 0.05) between groups (R-H
and W-H) within a same sampling period (rest or bridge test) for each variable. R-H, rodeo horse; W-H, working
horse; HR, heart rate; RR, R wave to R wave interval; SDNN, standard deviations of the RR intervals; RMSSD, root
mean square of successive RR differences; LF/HF ratio, low frequency band to high frequency band ratio.
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The LF/HF ratio obtained from the power spectrum analysis is considered as an index of the
cardiac sympathovagal balance [26] and has been proven to be a useful indicator of the sympathetic
activity during physical and psychological stresses [13,35]. The HF power is thought to reflect PNS
activity, whereas the LF power component should reflect both the sympathetic nervous system (SNS)
and PNS [27]. Our results suggest a higher SNS activity in the working horses’ group than in the
Chilean rodeo horses’ group in the bridge test. These results are in line with the RMSSD findings,
showing that Chilean rodeo horses had a higher activity of the PNS, hence a better balance in terms
of the autonomic nervous system (ANS) than working horses during the bridge test. In a future
study, it would be important to consider a recovery time period, after the bridge test, in order to fully
understand the coping mechanism in both groups.

3.3. General Remarks

Working horses took less time and passed the bridge at the first attempt, without displaying any
active (proactive) behaviors in order to avoid the task. Nevertheless, physiologically they showed
signs of emotional unbalance and a lower capacity to cope with the test. These results are in accordance
with Yarnell et al. [36] and Squibb et al. [30], where it is proposed that behavior may not accurately
reflect the internal affective state of horses. This could be related to the fact that horses are prey species
and may mask behavioral signs of stress [36]. As in Squibb et al. [30], it is possible that the working
horses that crossed the bridge were experiencing higher levels of stress, but also a greater stimulus
control [37] than the rodeo horses that displayed more refusal behaviors. This higher stimulus control
could be related to the fact that the bridge test requires handling by a person and the use of a halter that
could act as the specific stimulus inducing a desired response (in this case, crossing the bridge) [37].

The differences in the responses between the two groups of horses could also be the result of
breed differences and management conditions. Lesimple et al. [18] reported that breed and housing
conditions appear to be of major importance in determining horses’ personality and remarked about
the importance of considering how management practices can impact a horse’s reactivity. Working
horses are also confronted daily with different environmental conditions and they could be accustomed
to this exposure to novelty and not express flight behaviors. If this was the case, it should also be
reflected in the ANS response, as in Górecka et al. [38], where horses used to novelty showed a lower
HR response.

The emotional state of working horses should also be evaluated under tests that do not require
human handling, such as the open arena and a novel object test [28]. A second plausible scenario,
that requires further study, is as follows: since working horses are frequently exposed to stressful
situations, poor husbandry practices, a high incidence of painful conditions such as lameness, and
poor training systems, they could lose active control of situations resulting in learned helplessness [39].
According to Squibb et al. [30], an animal experiencing learned helplessness “abandons its attempts to
cope and develops a dullness related to a decline in motivation and emotional response”. Although
this study does not give evidence of an animal presenting learned helplessness, in situations where it
does occur, this state would be a welfare concern, since individuals under this state have lost control of
their environment.

4. Conclusions

Chilean rodeo horses displayed more active behaviors in order to avoid the bridge task. These
behaviors were adaptive and efficient as physiologically these horses showed a better coping capacity.
Working horses, that are frequently exposed to traffic, may have learned not to behaviorally respond to
stimuli such as the bridge, creating an increase in reactivity in terms of their physiology. Our results are
in accordance with other studies that show that an accurate interpretation of behavioral signs requires
corroboration by means of physiological measures. This is of particular importance to take into account
in current welfare assessment protocols where behavioral indicators are preferred as a non-invasive
measure. Heart rate variability is an interesting, non-invasive tool, that provides physiological data.
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Heart rate variability in association with behavioral indicators may improve the emotional assessment
of equines.

Author Contributions: Conceptualization and funding acquisition by T.T.; P.R., T.T., and I.G. performed the horse
field evaluations. T.M. performed the HR and HRV information analysis. P.R., T.M., I.G., and T.T. participated in
the writing and original draft preparation.

Funding: This research was funded by the National Scientific and Technological Research Commission (CONICYT)
through the Programme FONDECYT, grant number N◦ 1161136.

Acknowledgments: The authors would like to acknowledge all working horse owners for taking the time to take
their horses to the university facilities for this study and Rodrigo Briones for facilitating the assessment of the
Chilean rodeo horses.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Wechsler, B. Coping and coping strategies: Behavioural view. Appl. Anim. Behav. Sci. 1995, 43, 123–134.
[CrossRef]

2. Ijichi, C.; Collins, L.M.; Creighton, E.; Elwood, R.W. Harnessing the power of personality assessment:
Subjective assessment predicts behaviour in horses. Behav. Process. 2013, 96, 47–52. [CrossRef] [PubMed]

3. Blokhuis, H.J.; Hopster, H.; Geverink, N.A.; Korte, S.M.; van Reenen, C.G. Studies of stress in farm animals.
Comp. Haematol. Int. 1998, 8, 94–101. [CrossRef]

4. Visser, E.K.; van Reenen, C.G.; van der Werf, J.T.N.; Schilder, M.B.H.; Knaap, J.H.; Barneveld, A.; Blockhuis, H.J.
Heart rate and heart rate variability during a novel object test and a handling test in young horses. Physiol.
Behav. 2002, 76, 289–296. [CrossRef]

5. Koolhaas, J.M.; Korte, S.M.; De Boer, S.F.; Van Der Vegt, B.J.; van Reenen, C.G.; Hopster, H.; De Jong, I.C.;
Ruis, M.A.W.; Blokhuis, H.J. Coping styles in animals: Current status in behaviour and stress physiology.
Neurosci. Biobehav. Rev. 1999, 23, 925–935. [CrossRef]

6. Budzynska, M. Stress reactivity and coping in horse adaptation to environment. J. Equine Vet. Sci. 2014, 34,
935–941. [CrossRef]

7. Henry, J.P.; Stephens, P.M. Stress, Health and the Social Environment: A Sociobiological Approach to Medicine;
Springer: Berlin, Germany, 1977.

8. David, J.T.; Cervantes, M.C.; Trosky, K.A.; Salinas, J.A.; Delville, Y. A neural network underlying individual
differences in emotion and aggression in male golden hamsters. Neuroscience 2004, 126, 567–578. [CrossRef]
[PubMed]

9. Groothuis, T.G.; Carere, C. Avian personalities: Characterization and epigenesist. Neurosci. Biobehav. Rev.
2005, 29, 137–150. [CrossRef] [PubMed]

10. Koolhaas, J.M.; de Boer, S.F.; Coppens, C.M.; Buwalda, B. Neuroendocrinology of coping styles: Towards
understanding the biology of individual variation. Front. Neuroendocrinol. 2010, 31, 307–321. [CrossRef]

11. Porsolt, R.D.; Le Pichon, M.; Jalfre, M. Depression: A new animal model sensitive to antidepressant treatments.
Nature 1997, 266, 730–732. [CrossRef]

12. Costantini, D.; Carere, C.; Caramaschi, D.; Koolhaas, J.M. Aggressive and non-aggressive personalities differ
in oxidative status in selected lines of mice (Mus musculus). Biol. Lett. 2008, 4, 119–122. [CrossRef] [PubMed]

13. Von Borrel, E.; Langbein, J.; Deprés, G.; Hansen, S.; Leterrier, C.; Marchant-Forde, J.; Marchant-Forde, R.;
Minero, M.; Mohr, E.; Prunier, A.; et al. Heart rate variability as a measure of autonomic regulation of
cardiac activity for assessing stress and welfare in farm animals—A review. Physiol. Behav. 2007, 92, 293–316.
[CrossRef] [PubMed]

14. Von Rosenberg, W.; Chanwimalueang, T.; Adjei, T.; Jaffer, U.; Goverdovsky, V.; Mandic, D.P. Resolving
ambiguities in the LF/HF ratio: LF-HF scatter plots for the categorization of mental and physical stress from
HRV. Front. Physiol. 2017, 8, 360. [CrossRef] [PubMed]

15. Pagani, M.; Lombardi, F.; Guzzetti, S.; Rimoldi, O.; Furlan, R.; Pizzinelli, P. Power spectral analysis of heart
rate and arterial pressure variabilities as a marker of sympatho-vagal interaction in man and conscious dog.
Circul. Res. 1986, 59, 178–193. [CrossRef]

16. Tadich, T.; Araya, O. Undesired behaviours in horses. Arch. Med. Vet. 2010, 42, 29–41.

http://dx.doi.org/10.1016/0168-1591(95)00557-9
http://dx.doi.org/10.1016/j.beproc.2013.02.017
http://www.ncbi.nlm.nih.gov/pubmed/23500483
http://dx.doi.org/10.1007/BF02642498
http://dx.doi.org/10.1016/S0031-9384(02)00698-4
http://dx.doi.org/10.1016/S0149-7634(99)00026-3
http://dx.doi.org/10.1016/j.jevs.2014.05.010
http://dx.doi.org/10.1016/j.neuroscience.2004.04.031
http://www.ncbi.nlm.nih.gov/pubmed/15183506
http://dx.doi.org/10.1016/j.neubiorev.2004.06.010
http://www.ncbi.nlm.nih.gov/pubmed/15652261
http://dx.doi.org/10.1016/j.yfrne.2010.04.001
http://dx.doi.org/10.1038/266730a0
http://dx.doi.org/10.1098/rsbl.2007.0513
http://www.ncbi.nlm.nih.gov/pubmed/18042511
http://dx.doi.org/10.1016/j.physbeh.2007.01.007
http://www.ncbi.nlm.nih.gov/pubmed/17320122
http://dx.doi.org/10.3389/fphys.2017.00360
http://www.ncbi.nlm.nih.gov/pubmed/28659811
http://dx.doi.org/10.1161/01.RES.59.2.178


Animals 2019, 9, 397 9 of 10

17. Visser, E.K.; Ellis, A.D.; Van Reenen, C.G. The effect of two different housing conditions on the welfare of
young horses stabled for the first time. Appl. Anim. Behav. Sci. 2008, 114, 521–533. [CrossRef]

18. Lesimple, C.; Fureix, C.; LeScolan, N.; Richard-Yris, M.A.; Hausberger, M. Housing conditions and breed are
associated with emotionality and cognitive abilities in riding school horses. Appl. Anim. Behav. Sci. 2011,
129, 92–99. [CrossRef]

19. Tadich, T.A.; Escobar, A.; Pearson, R.A. Husbandry and welfare aspects of urban draught horses in the south
of Chile. Arch. Med. Vet. 2008, 40, 267–273. [CrossRef]

20. Tadich, T.A.; Araya, O.; Solar, F.; Ansoleaga, N.; Nicol, C.J. Description of the responses of some blood
constituents to rodeo exercise in Chilean Creole horses. J. Equine Vet. Sci. 2013, 33, 174–181. [CrossRef]

21. González, I.; Torres, C.G.; Chihuailaf, R.; Neira, V.; Tadich, T. Differences in blood parameters associated to
stress response between Chilean rodeo horses and Chilean urban working horses. J. Equine Vet. Sci. 2019, 73,
110–114. [CrossRef]

22. Tadich, T.; Smulders, J.P.; Araya, O.; Nicol, C.J. Husbandry practices associated with the presentation of
abnormal behaviours in chilean creole horses. Arch. Med. Vet. 2012, 44, 279–284. [CrossRef]

23. Wolff, A.; Hausberger, M.; Le Scolan, N. Experimental tests to assess emotionality in horses. Behav. Process.
1997, 40, 209–221. [CrossRef]

24. Ille, N.; Erber, R.; Aurich, C.; Aurich, J. Comparison of heart rate and heart rate variability obtained by heart
rate monitors and simultaneously recorded electrocardiogram signals in nonexercising horses. J. Vet. Behav.
2014, 9, 341–346. [CrossRef]

25. Kuwahara, M.; Hashimoto, S.; Ishii, K.; Yagi, Y.; Hada, T.; Hiraga, A.; Kai, M.; Kubo, K.; Oki, H.; Tsubone, H.;
et al. Assessment of autonomic nervous function by power spectral analysis of heart rate variability in the
horse. J. Auton. Nerv. Syst. 1996, 60, 43–48. [CrossRef]

26. Kuwahara, M.; Hiraga, A.; Kai, M.; Tsubone, H.; Sugano, S. Influence of training on autonomic nervous
function in horses: Evaluation by power spectral analysis of heart rate variability. Equine Vet. J. Suppl 1999,
30, 178–180. [CrossRef]

27. Ohmura, H.; Jones, J.H. Changes in heart rate and heart rate variability as a function of age in Thouroghbred
horses. J. Equine Sci. 2017, 28, 99–103. [CrossRef] [PubMed]

28. Forkman, B.; Boissy, A.; Meunier-Salaüm, M.C.; Canali, E.; Jones, R.B. A critical review of fear tests used on
cattle, pigs, sheep, poultry and horses. Physiol. Behav. 2007, 92, 340–374. [CrossRef]

29. Fureix, C.; Pagés, M.; Bon, R.; Lassalle, J.M.; Kuntz, P.; Gonzalez, G. A preliminary study of the effects of
handling type on horses’ emotional reactivity and the human-horse relationship. Behav. Process. 2009, 82,
202–210. [CrossRef]

30. Squibb, K.; Griffin, K.; Favier, R.; Ijichi, C. Poker face: Discrepancies in behaviour and affective in horses
during stressful handling procedures. Appl. Anim. Behav. Sci. 2018, 202, 34–38. [CrossRef]

31. Ijichi, C.; Collins, L.M.; Elwood, R.W. Evidence for the role of personality in stereotypy predisposition. Anim.
Behav. 2013, 85, 1145–1151. [CrossRef]

32. Hamlin, R.L.; Klepinger, W.L.; Gilpin, K.W.; Smith, C.R. Autonomic control of heart rate in the horse. Am. J.
Physiol. 1972, 222, 976–978. [CrossRef] [PubMed]

33. Sleigh, J.W.; Henderson, J.D. Heart rate variability and preoperative anxiety. Acta Anaesthesiol. Scand. 1995,
39, 1059–1061. [CrossRef] [PubMed]

34. Friedman, B.H.; Thayer, J.F. Anxiety and autonomic flexibility: A cardiovascular approach. Biol. Psychol.
1998, 44, 133–151.

35. Stucke, D.; Grobe Ruse, M.; 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. 2015, 166, 1–10.
[CrossRef]

36. Yarnell, K.; Hall, C.; Billet, E. An assessment of the aversive nature of an animal management procedure
(clipping) using behavioral and physiological measures. Physiol. Behav. 2013, 118, 32–39. [CrossRef]
[PubMed]

37. McGreevy, P.D.; McLean, A.N.; Warren-Smith, A.K.; Waran, N.; Goodwin, D. Defining the terms and
processes associated with equitation. In Proceedings of the 1st International Equitation Science Symposium,
Broadford, Victoria, Post-Graduate Foundation in Veterinary Science, Sydney, Australia, 26–27 August 2005;
McGreevy, P., McLean, A., Waran, N., Goodwin, D., Warren-Smith, A., Eds.; pp. 10–43.

http://dx.doi.org/10.1016/j.applanim.2008.03.003
http://dx.doi.org/10.1016/j.applanim.2010.11.005
http://dx.doi.org/10.4067/S0301-732X2008000300007
http://dx.doi.org/10.1016/j.jevs.2012.06.013
http://dx.doi.org/10.1016/j.jevs.2018.12.005
http://dx.doi.org/10.4067/S0301-732X2012000300011
http://dx.doi.org/10.1016/S0376-6357(97)00784-5
http://dx.doi.org/10.1016/j.jveb.2014.07.006
http://dx.doi.org/10.1016/0165-1838(96)00028-8
http://dx.doi.org/10.1111/j.2042-3306.1999.tb05213.x
http://dx.doi.org/10.1294/jes.28.99
http://www.ncbi.nlm.nih.gov/pubmed/28955161
http://dx.doi.org/10.1016/j.physbeh.2007.03.016
http://dx.doi.org/10.1016/j.beproc.2009.06.012
http://dx.doi.org/10.1016/j.applanim.2018.02.003
http://dx.doi.org/10.1016/j.anbehav.2013.03.033
http://dx.doi.org/10.1152/ajplegacy.1972.222.4.976
http://www.ncbi.nlm.nih.gov/pubmed/4402126
http://dx.doi.org/10.1111/j.1399-6576.1995.tb04229.x
http://www.ncbi.nlm.nih.gov/pubmed/8607309
http://dx.doi.org/10.1016/j.applanim.2015.02.007
http://dx.doi.org/10.1016/j.physbeh.2013.05.013
http://www.ncbi.nlm.nih.gov/pubmed/23685232


Animals 2019, 9, 397 10 of 10

38. Górecka, A.; Bakuniak, M.; Chruszczewski, M.H.; Jezierski, T.A. A note on the habituation to novelty in
horses: Handler effect. Anim. Sci. Pap. Rep. 2007, 3, 143–152.

39. McGreevy, P.; McLean, A. Punishment in horse-training and the concept of ethical equitation. J. Vet. Behav.
2009, 4, 193–197. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.jveb.2008.08.001
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Animals 
	Bridge Test (Handling Test) 
	Behavioral Measures 
	Physiological Measures 
	Statistical Analysis 

	Results and Discussion 
	Behavioral Measures 
	Physiological Measures 
	General Remarks 

	Conclusions 
	References

