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Although stereotypic behaviors are a common problem in captive animals, why certain individuals are more prone to develop them remains elusive. In horses, individuals show considerable differences in how they perceive and react to external events, suggesting that this may partially account for the emergence of stereotypies in this species. In this study, we focused on crib-biting, the most common stereotypy displayed by horses. We compared how established crib-biters (“CB” = 19) and normal controls (“C” = 18) differed in response to a standard “personality” assessment test battery, i.e., reactivity to humans, tactile sensitivity, social reactivity, locomotor activity, and curiosity vs. fearfulness (both in novel and suddenness situations). Our analyses showed that crib-biters only differed from control horses in their tactile sensitivity, suggesting an elevated sensitivity to tactile stimuli. We suggest that this higher tactile sensitivity could be due to altered dopamine or endogenous opioid physiology, resulting from chronic stress exposition. We discuss these findings in relation to the hypothesis that there may be a genetic predisposition for stereotypic behavior in horses, and in relation to current animal husbandry and management practices.
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INTRODUCTION

Stereotypies are defined as repetitive and invariant behaviors, which are thought to be a consequence of suboptimal environmental or housing conditions. Stereotypic behaviors are often described as abnormal and with no obvious goal or function (1), and are sometimes compared to human developmental, neurological, or psychiatric disorders, such as autism, obsessive compulsive disorders or schizophrenia (2). In animals, stereotypies include locomotor (e.g., “pacing”) and oral (e.g., “sham chewing”; “crib-biting”) behavioral abnormalities, which can be debilitating for individuals, especially if they are expressed extensively.

The causal factors and neurobiological mechanisms underlying stereotypic behaviors are only partially understood (2). A recurrent hypothesis is that sustained “stress” or chronic stress, mainly in the form of restricted and suboptimal living conditions, can lead to the development of stereotypic behaviors in animals (2). At the neurobiological level, the idea is that if animals are prevented from executing some behaviors, then this can facilitate the development of alternative behaviors such as stereotypies, via sensitization of the underlying neural systems involved (3). Indeed, exposition to chronic stress is supposed to trigger the release of β endorphin in the brain, stimulating simultaneously dopamine release in the striatum and activating some part of the basal ganglia (4). The basal ganglia are thought to constitute the location where neural alterations might take place, and hence to play a key role in the development of stereotypies, particularly within the dopaminergic system (5, 6). Yet, it is still largely unclear why only certain individuals develop stereotypic behaviors, while others remain unaffected (7).

One possible explanation for the susceptibility of some individuals but not others to develop stereotypies despite being exposed to similar environments is the existence of individual differences, or personality. Personality and its various sub-traits, such as temperament, refers to between-individual differences in behavior that are relatively stable across various kinds of situations and over the course of time (8–10). This means that differences between individuals are largely maintained, although behavioral attitudes can evolve with age or with the environment (11). Individual differences (i.e., personality) are thought to result from a combination of nature and nurture influences, that is, from an interaction between neural, genetically inherited system (i.e., temperament) and specific environmental influences linked to current and previous experiences during ontogeny (12, 13). Quantifying individual differences (called phenotypes) is usually done via multivariate analyses, which allow behavioral traits to be grouped into larger categories (e.g., “fearfulness” is defined by a range of behavioral reactions to different fear-inducing situations) (14, 15). The more general goal of personality assessments is thus to establish categories that reflect how these animals behave, perceive, and react to the world beyond individual stimuli or specific situations.

One aspect of personality that might affect predispositions to develop stereotypies are individual differences in motivation to perform specific behaviors. Indeed, stereotypies often develop following the prevention of highly motivated behaviors, such as consummatory acts (16). In captivity, the performance of some highly motivated consummatory behaviors may be impossible. This can result in frustration-related stress and, if sustained or repeated, in stereotypies (17). A classic example is carnivores, which are highly motivated to hunt. In captivity, however, individuals are usually prevented from hunting and, according to the stress-by-frustration hypothesis, are thus prone to develop locomotor stereotypies (18). Another classic example is ungulates, which are highly motivated to engage in food processing over long periods of time. Since this is usually not possible in captivity, it frequently results in oral stereotypies (19, 20). Similarly, within each of these systems, individual differences in the propensity to develop certain types of stereotypies could exist. Specifically, in carnivores and rodents, more active individuals could be more prone to develop locomotor stereotypies (21), while in ungulates, more explorative individuals could be more prone to develop food-related stereotypies (22, 23).

Chronic stress, which can occur when animals face aversive situations over prolonged periods of time (24), is another potential precursor of stereotypies. Individual differences in response to chronic stress could thus also affect propensities to develop stereotypies (25). In particular, a distinction has been made between animals responding proactively or reactively when facing an aversive stimulus (26). Proactively coping individuals tend to escape from or remove aversive stimuli (fight-or-flight), whereas reactively coping individuals show no obvious reactions in similar situations (conservation—withdrawal) (13). In addition, proactive individuals are generally characterized by higher levels of mobility, aggression, exploration, and persistence than reactive individuals (27). These individual differences in coping styles are also frequently related to underlying physiology (26). Proactive individuals tend to have a lower reactivity of the hypothalamo-pituitary-adrenocortical axis (HPA) but a higher reactivity of the sympatho-adreno-medullary (SAM) axis compared to reactive individuals (26). Because proactive animals act to exert control over their environment, they might be more prone to form routines and, by extension, to fall into stereotypies (7). This hypothesis, however, has not been supported by the physiological results of our previous study, which revealed higher HPA-axis reactivity in stereotyped (crib-biters) compared to control horses, which is more characteristic of reactive individuals than proactive ones (28). In sum, the issue of whether stereotypic behavior can be linked to individual differences, and particularly coping styles in response to chronic stress, has not been resolved.

The domesticated horse is an interesting model to study stereotypies, because horses are often confined individually with limited movement for extended periods of time, and with restricted time to forage (19, 29, 30), which makes them prone to develop stereotypies. Other factors, such as sex, age, breed, type of work (dressage), type of diet, and early experiences (e.g., weaning time and start of training) have been associated with the development of stereotypies in this species (31–37). Horses can express different forms of stereotypies, such as weaving, box walking and crib-biting (38, 39). Crib-biting behavior is the most common form of stereotypy in this species (34). It is an oral stereotypy that consists in grasping a fixed object with the incisors, pulling back and drawing air into the esophagus. Crib-biting is related to another common stereotypic behavior, windsucking, which consists of the same behavioral elements, but without grasping an object. The initiation of these behaviors are thought to be associated with diet and time spent foraging (40, 41). Indeed, crib-biting has been shown to increase on low-forage and high-concentrated diet (19, 37, 42, 43). Horses are adapted to eat forage and chew for the majority of the time (29). Because chewing gives the opportunity to moisten food with alkaline saliva essential for digestion, it has been proposed that wood-chewing may precede the development of crib-biting, as a redirected movement in attempts to stimulate saliva production and reduce the acidity of the stomach (40). Despite the fact that no specific genes have been linked to stereotypies in horses, this behavior has been reported more predominantly in certain pedigrees (44–47). Since genetic differences could imply differences in personality, we suggest that individual variation in behavioral responses could predispose horses to develop crib-biting (25).

Even if several studies have aimed at assessing the personality of horses (48–55), investigations of the personality of stereotypic horses are scarce. The evidence so far seems to suggest that crib-biters are less anxious and show no difference in trainability compared to non-crib-biters (56). However, this low level of anxiety in crib-biting horses might be preceded by an initial increase in anxiety, as revealed by an elevation of dopamine, until the stereotypy is fully-established (57). A recent study did also find a relationship between oral abnormal behaviors (crib-biting and lip-twisting) and the “personality traits” intelligence, cooperation, curiousness, equability, and playfulness (58). Overall, a more thorough investigation of crib-biters' personality is required to investigate if a relationship between horse personality and crib-biting might exist.

The aim of this study was to investigate if certain personality traits could be associated with crib-biting behavior. Our current knowledge of crib-biters' personality is limited to the use of questionnaires (56–58). Here, we aimed to obtain more objective measures, by comparing crib-biting and control horses along five “personality” traits following a previously validated model of tests, relevant for equitation practice [reactivity to humans, tactile sensitivity, social reactivity, locomotor activity, and curiosity vs. fearfulness (both in novel and suddenness situations)] (14, 59). These traits have been shown to appear early in life and remain relatively stable across time and situations (60–63). Any possible links between the five traits and crib-biting behavior could, in the long term, help to rapidly identify horses that are more prone to develop stereotypic behavior. According to our previous results on crib-biters' physiology (28), we predicted these horses to show behavioral characteristics of reactive coping individuals, and hence to be generally less anxious (56, 57), or less prone to express their emotions (26), compared to control horses. We therefore also expected them to interact less with unfamiliar humans (i.e., less bold), to show less locomotor and less exploratory behavior (64, 65). Regarding social reactivity, it has been shown in pigs that reactive coping individuals are more social (66). We thus expected, if the same applies to horses, that crib-biters would show more social reactions. Regarding tactile sensitivity, because low responsiveness to external stimuli has been reported in humans and animals after experiencing chronic stress situations [human (67), horses (68)], we expected crib-biters to display a lower tactile sensitivity. Alternatively, because crib-biting behavior has previously been associated with a decrease in nociceptive threshold and therefore potentially enhanced responses to external stimuli (69), the opposite could be predicted, i.e., higher responses in crib-biters to tactile stimulation compared to non-stereotypic horses.

MATERIALS AND METHODS

Subject and Management Conditions

The present study was carried out on 19 crib-biters and 18 control horses (total = 37 horses) of various breeds, sex (mares, geldings, and stallions) and ages (4–24 years old; Table 1), housed in 19 different farms in Switzerland between September 2013 and February 2014. Except for one control, all horses participated beforehand in a study (performed between April and July 2013) aimed at testing the physiological reaction of crib-biters and non-stereotypic horses in a standard ACTH challenge test (28). Twenty-six horses were privately owned, and 11 were obtained from the Swiss National Stud Farm. All the horses had been at their respective farms for at least 1 year. To be eligible for inclusion in the study, crib-biters were required to have demonstrated crib-biting behavior, according to the horse owners, for a minimum of 1 year. The control group was made up of horses that had never been observed crib-biting or performing other stereotypies by their owners [i.e., weaving, box walking, head tossing nodding (38)]. This grouping was verified later on during the first study (28) and during this study (i.e., crib-biters were all observed crib biting, while control horses were not seen displaying any stereotypy). For each crib-biting horse, we tried to find a control horse that was of similar breed, sex and age, and that was housed in the same conditions (i.e., if possible, on the same farm, Table 1). Horses were housed, either individually or in groups, in single boxes or in boxes with paddocks (Table 1). Routine care of the study animals was provided by the farm/horse owners. All these horses were ridden or had been ridden in the past. The study was approved by the Swiss Federal Veterinary Office (approval number VD 2677 bis; Switzerland). The owners of the horses were provided with a detailed written description of the experiment to be conducted and agreed to the research being carried out on their animals.


Table 1. Characteristics of the horses used in the experiment.

[image: image]



Experimental Procedure

The content of this paper is the first part of a study. The other part, aimed at characterizing the learning capabilities of crib-biters, is being prepared for submission (Briefer Freymond et al., submitted).

Horses were tested at their home farm in a standardized way. Each horse was subjected to a total of five “personality” tests. The tests were divided in two sessions (Figure 1). Between the two sessions, the horses were returned to their home pen for a break of about 1 h. During this time, in the farms where two horses were tested, the second horse took part in the experiment (Table 1). The procedure, based on preliminary tests performed with 20 pilot horses (different horses as those used in this study), was as follows; at the start of the experiment, the subject was led to and then released by one experimenter (experimenter 1) in a 8 × 10 m delimited arena that was familiar and at the same time, a second experimenter (experimenter 2) started to record the behavior with a camera, Sony Handycam HDR-CX700. After 15 min of habituation to the experimental arena, the first session started and the horse was subjected to four personality tests (about 15 min duration in total, Figure 1). Directly after these tests, another set of learning tests were carried out (Briefer Freymond et al., submitted). A final personality test (about 3 min duration) was performed at the end of the second part (after the learning tests, Figure 1). During the experiment, experimenter 1 recorded the tests with the video and was in charge of preparing the arena for the next tests; whereas experimenter 2 was performing the tests (see details below, in “Personality tests”).


[image: image]

FIGURE 1. Experimental procedure for the personality tests. The black dotted lines indicate the time at which each period started and ended. The personality tests are indicated (1–5). The different tests are Test 1, passive presence test (i.e., reactivity to human); Test 2, tactile sensitivity test (i.e., tactile sensitivity); Test 3, novel object test (i.e., curiosity/ fearfulness); Test 4, playback test (i.e., social reactivity); Test 5, umbrella opening test (i.e., curiosity/ fearfulness). The trait locomotor activity of the horses, was scored as the propensity to demonstrate locomotor activity during the passive human test, the social motivation test, and the novel object test. The learning tests that are indicated are part of another study (Briefer Freymond et al., submitted).



“Personality” Tests

The horses performed five “personality” tests adapted from Lansade and Bouissou (60) and Lansade et al. (61–63) (Figures 1, 2). The tests were always conducted in the same order. They are presented in the order in which they were conducted. The behavioral measures, based on (60–63), which were scored from a video later on are detailed for each test (see also Table 2). Only those for which the inter-observer reliability (“ICC”) were high and that were expressed by at least 40% of the horses (i.e., 15 horses) are reported. Such cut-off of 40% allowed us to exclude behaviors that were performed by very few animals, and which were hence not representative of the responses of the subjects to our tests (70).
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FIGURE 2. Scheme of the different “personality” tests. The camera is represented at top left. In Test 1 (passive presence test), Experimenter 2 is in the middle of the arena. In Test 2 (tactile sensitivity test), the Experimenter 2 holds the horse and applies the different filament von Frey. The white triangle in Test 3, (novel object test), designates the unknown object. In Test 4 (playback test), the loudspeaker is represented at the top left, next to the camera. In Test 5 (umbrella opening test), Experimenter 2, squatted down, holds the umbrella at 1 m from the bucket and 1 m above the ground, the dotted box designates the bucket with food. The black line in the arena designates the arena divided into four sectors to assess locomotor activity (See Behavioral analyses).




Table 2. Definitions of the parameters and the behaviors recorded during the different personality tests (1–5) and to measure the locomotor activity.
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Test 1: Passive Presence Test

This test assesses the propensity of a horse to react to a passive human, i.e., “reactivity to humans.” An unknown experimenter (always the same person; experimenter 2) entered the test pen and settled motionless in the middle of the arena. The horse had the possibility to interact with the motionless person for 3 min (Figure 2). We scored the following behaviors related to the trait “reactivity to humans”; the time the horses spent interacting with the unknown experimenter (“Conth”), the time spent standing attentive (“Att”), the time spent standing resting (“SR”), the time spent standing while exploring (“Sexpl”), the time spent walking active (“Movact”) and the time spent close (0–1 m, “CAT1”) or far (>1 m, “CAT2”) from the unknown person (Table 2).

Test 2: Tactile Sensitivity Test

This test assesses the propensity of a horse to react to a greater or lesser extent to tactile stimuli, i.e., “tactile sensitivity.” Experimenter 2 held the horse and applied a “filament von Frey” on its skin (Figure 2). These filaments consist of a hard plastic body connected to a nylon thread, and are calibrated to exert a specific magnitude of force on the skin, ranging from 0.008 to 300 g. Such filaments are commonly used to measure mechanical sensory thresholds in people (through verbal responses) and animals (through behavioral responses) (71). Five different forces were applied, always in the same random arrangement (300, 0.6, 0.02, 0.008, 1 g) perpendicularly to the animal's skin at wither's height, until the nylon thread started to bend (i.e., for the exact location of the application of the filaments, see (68). The interval between the application of each filament was about 30 s. Experimenter 1 recorded directly in binary form the following behavior related to the trait “tactile sensitivity”; trembling of platisma muscle [behavior used by horses to drive away flies, (72); trembling or not, “React”; Table 2].

Test 3: Novel Object Test

This test assesses the propensity of a horse to react with fear or curiosity when exposed to a novel situation, i.e., “curiosity/fearfulness.” A novel object (i.e., transparent hose fixed with colorful string) was placed in the middle of the arena, in front of the horse held by experimenter 2. The horse was then released for a duration of 3 min, during which it had the possibility to explore the object (Figure 2). We analyzed the following behaviors related to the trait “curiosity/fearfulness”; the time the horse spent interacting with the novel object (“Conto”), the time spent standing attentive (“Att”), the time spent standing while exploring the ground (“Sexpl”), the time spent walking active (“Movact”), the time spent walking while exploring (“Movexpl”), and the time spent close (0–1 m, “CAT1”) or far (>1 m, “CAT2”) from the novel object (Table 2).

Test 4: Playback Test

This test assesses the propensity of a horse to react to a conspecific, i.e., “social reactivity.” This test was adapted from a study including a playback procedure (73). It consisted in measuring the reactions of the subjects to the vocalizations of conspecifics. We used a loudspeaker located next to the camera, on one side of the arena, and played one 2-s whinny from an unknown mare, one 3-s whinny from an unknown gelding, and a control sound (15 s of skylark song, Alauda arvensis) (Figure 2). All the sounds were played at similar amplitude, estimated to be normal for the horses (85.2 ± 2.4 dB measured at 1 m using a sound level meter, C weighting; SoundTest-Master, Laserliner, UK). All the horses received the same three sounds, played in a random order, with 10-s silence interval. We analyzed the following behaviors related to the trait “social reactivity”; the vocal response of the horses to each sound (“Whin”), the time spent walking active (“Movact”) and the time spent standing attentive (“Att”) (Table 2).

Test 5: Umbrella Opening Test

This test was carried out after a battery of learning tests (Briefer Freymond et al., submitted). It assesses the propensity of a horse to react with fear or curiosity to a sudden situation (umbrella opening), i.e., “curiosity/fearfulness.” This test, in a similar way to Test 3 (novel object test), measures fear reactions but this time in situations involving suddenness. A bucket of pellets was placed next to the entrance, with a closed umbrella held at 1 m from the bucket and 1 m above the ground by experimenter 2, who was visible to the horse. Experimenter 1 released the horse and it was free to go eat from the bucket. When the animal was eating with its head in the bucket for more than 3 s, experimenter 2 suddenly opened the umbrella and the chronometer started (Figure 2). The test stopped when the horse resumed eating. The time it took for the horses to come back to eat in the bucket after the umbrella opened was directly recorded (“Time”). A maximum of 300 s was allocated. In case the horse did not come back to eat, the time was fixed at 300 s (Time = 300 s). We scored the following behaviors related to the trait “fearfulness”; the intensity of the reaction using a scale (“React”) (Table 2) and the estimated flight distance of the horses after opening the umbrella (“Flight”) (Table 2). Because of a technical problem with the cameras, we were not able to score the behaviors React and Flight of two control horses in this test.

Behavioral Analyses

All tests were video recorded by experimenter 1, who was located outside of the arena (Figure 2), using a Sony Handycam HDR-CX700. From the video of the tests, two different observers (experimenter 2 and another observer, who was blind to the group of the horses since she had not participated in the experiment and scored the videos after renaming them with a code) scored for each test (i.e., all the videos) the behaviors either as occurrence using an instantaneous time sampling method every 10 s (for “CAT1” and CAT2 ; “Point Events”), or continuously as duration (for other behaviors; “State Events”) using the Observer software XT v.11 (Noldus). We then calculated the frequency of occurrence for the Point Events, and the proportion of the total time spent performing the behavior for State Events (Table 2). The last personality trait assessed in the study, locomotor activity of the horses, was scored as the propensity to demonstrate locomotor activity during the passive human test, the social motivation test, and the novel object test. In order to record this personality trait, the arena was divided into four sectors of equal size using tracks made in the sand beforehand (Figure 2). To assess the locomotor activity, experimenter 1 recorded directly the number of times the horses changed sectors (“Locom”) (Table 2). Because of a problem, we were not able to score the activity level of three control horses in this test.

Statistical Analysis

Inter-observer Reliability (ICC)

Inter-observer reliability between the two observers scoring the videos continuously was assessed by intraclass correlation coefficients (ICC). ICC were calculated using a two-way mixed design to assess the absolute agreement between the scores of the two observers (74, 75). ICCs range from 0 to 1, with 0 indicating no agreement and 1 indicating full agreement. Generally, ICCs ≤ 0.40 are considered as poor, those between 0.40 and 0.59 as fair, those between 0.60 and 0.74 as good, and those between 0.75 and 1.00 as excellent (76). We kept for the analysis only the behaviors for which ICCs revealed fair to excellent agreements between the scores of the two observers. To this aim, the time spent at 1–2 m and the time spent at more than 2 m (Table 2), which obtained low ICC (ICC: range = 0.35–0.55) were grouped into one category (CAT2; ICC: range = 0.90–0.93).

Behavioral Measures

The statistical analyses were carried out on the behavioral parameters for which the inter-observer reliability (ICC) between the two observers was fair to excellent (ICC: mean ± SD = 0.84 ± 0.14; range = 0.55–0.98). The behavior of the crib-biters (CB) was compared to the behavior of the control horses (C) for each test separately (Tables 2, 3), using linear mixed-effects models (LMM; lmer function, lme4 library), generalized linear mixed models [GLMM; glmer function; lme4 library; multcomp library; (77)], or cumulative link mixed models [CLMM, clmm function in R 3.0.2 (78)]. The different models included as a response variable the behavioral parameters scored (Tables 2, 3). The fixed and control factors are described in Tables 2, 3. To control for repeated measurements of the same subjects, the identity of the horses nested within the farms where they were housed (“Farms”) was included as a random factor for Tests 2 and 4. For Test 1, Test 5, and for the locomotor activity, only Farms was included as a random factor, as there was only one behavioral value for each horse. When significant interaction effects between fixed and/or control factors were found, further post-hoc analysis were carried out using further LMMs and GLMMs. Bonferroni corrections were applied to these post-hoc tests accordingly.


Table 3. Response variables, as well as fixed and control factors used in the different model (LMM and GLMM).

[image: image]



The residuals were checked graphically for normal distribution and homoscedasticity. To satisfy the model assumptions, we used log transformation for “Att” and “Movact” in the presence passive test, “Movact” and “Sexpl” in the unknown object test, and for “Time” in the umbrella test (Table 2). All the parameters satisfying model assumptions were then input into LMMs (lmer function). Some parameters did not meet the statistical assumptions despite transformation. They were thus transformed to binomial data as follows; behavior occurred = 1 or did not occur = 0 for “CAT1” in novel object test, “Movact”, “Sexpl,” and “Sr” in presence passive test, and “Movact” in playback test (Table 2); and value equal or higher than median = 1 or value lower than median = 0, for “Att,” “Conth,” “CAT2” in novel object test, “Att” in playback test and “Locom” for locomotor activity (Table 2). The parameters scored as binomial (“React” and “Whin”), as well as parameters transformed to binomial data, were input into GLMMs fit with binomial family distribution and logit link function (glmer function). In the umbrella opening test, in order to compare the intensity of the reaction after opening the umbrella (“Reacum”) and the distance of flight from the open umbrella (“Flight”) (Table 2), we used CLMM (clmm function) (79). To this aim, Reacum was transformed in six distinct categories and Flight in four categories (Table 2).

For the LMMs and GLMMs, a standard model simplification procedure was used to remove each non-significant term until the deletion caused a reduction in goodness of fit (in this case, the term was left in the model). P-values were calculated based on Satterthwaite's approximations (anova function, lmerTest package in R). The significance level was set at α = 0.05. Only the results of the fixed factors are described in details in the results.

RESULTS

Passive Presence Test

There were no differences between groups CB and C in their time spent interacting with the person (“Conth”), standing attentive (“Att”), standing while resting (“Sr”) and standing while exploring the ground (“Sexpl”) (LMM: effect of Group CB-C on Conth, [image: image] = 1.71, p = 0.19; effect of Group CB-C on Att, [image: image] 1.66, p = 0.20; GLMM: effect of Group CB-C on Sr, [image: image] 0.26, p = 0.87; effect of Group CB-C on Sexpl, [image: image] 0.27, p = 0.60). There were also no group differences neither in the time spent walking active (“Movact”), nor in the time spent close (“CAT1”) or far (“CAT2”) from the unknown person (LMM: effect of Group CB-C on Movact, [image: image] 0.11, p = 0.74; LMM: effect of Group CB-C on CAT1, [image: image] = 0.89, p = 0.35; LMM: effect of Group CB-C on CAT2, [image: image] 0.89, p = 0.35).

Tactile Sensitivity Test

A greater proportion of crib-biters reacted to the filament von Frey (“React”) than the control horses (GLMM: effect of Group CB-C on React, [image: image] 8.14, p = 0.004, Figure 3).


[image: image]

FIGURE 3. Responses to the different filaments von Frey. Proportion of controls (C, white, N = 18) and crib-biters (CB, gray, N = 19), respectively, that responded to each Filament von Frey (300, 0.6, 0.02, 0.008, 1 gr.).



Novel Object Test

There were no differences between groups CB and C in their time spent interacting with the unknown object (“Conto”), standing attentive (“Att”), and standing while exploring the ground (“Sexpl”) (GLMM: effect of Group CB-C on Conto, [image: image] = 0.30, p = 0.58; effect of Group CB-C on Att, [image: image] = 0.67, p = 0.41; LMM: effect of Group CB-C on Sexpl, [image: image] = 0.67, p = 0.41). There were also no group differences, neither in their time spent walking active (“Movact”), in walking while exploring (“Movexpl”), nor very close (“CAT1”) or very far (“CAT2”) from the object (LMM: effect of Group CB-C on Movact, [image: image] = 0.49, p = 0.48; GLMM: effect of Group CB-C on Movexpl, [image: image] = 0.41, p = 0.52; effect of Group CB-C on CAT 1, [image: image] = 0.005, p = 0.94; effect of Group CB-C on CAT 2, [image: image] = 0.02, p = 0.89).

Playback Test

There were no differences between groups CB and C in their vocal responses to the playbacks (“Whin”) and in the time they spent standing attentive (“Att”) (GLMM: effect of the Group CB-C on Whin, [image: image] = 2.77, p = 0.10; effect of the Group CB-C on Att, [image: image] = 0.016, p = 0.73). There was also no group effect on the time spent walking active (“Movact”) during this test (GLMM: effect of the Group CB-C on Movact, [image: image] = 2.06, p = 0.15).

Locomotor Activity

There were no differences between groups CB and C in the number of sectors they entered, which reflects locomotor activity (“Locom”) (GLMM: effect of the group CB-C on Locom, [image: image] = 1.74, p = 0.18).

Umbrella Test

There were no differences between groups CB and C in their time taken to resume eating in the bucket after the umbrella was suddenly opened (“Time”) (LMM: effect of the Group CB-C on Time, [image: image] = 0.69, p = 0.41). There were also no differences between groups in the intensity of their reaction after the umbrella was opened (“Reacum”) (CLMM: effect of the Group CB-C on Reacum, [image: image] 0.366, p = 0.55). Finally, there was no group effect on the flight distance (“Flight”) (CLMM: effect of the Group CB-C on Flight, [image: image] = 1.065, p = 0.30).

Control Factors

The type of arena (indoor or outdoor, “Arena”) had a significant effect on Reacum in the umbrella test, (CLMM: effect of Arena on Reacum, [image: image] = 4.2, p = 0.04), and on React in the tactile sensitivity test (GLMM: effect of Arena on React, [image: image] = 5.36, p = 0.02). The age of the horses (“Age”) had a significant effect in the passive presence test on CAT1 and CAT2 (GLMM: effect of Age on the CAT1, [image: image] = 6.09, p = 0.01; effect of Age on CAT2, [image: image] 6.09, p = 0.01) and on Att (LMM: effect of Age on Att, [image: image] = 9.15, p = 0.002). In the Novel object test, Age had an effect on CAT2 (GLMM: effect of Age on CAT2, [image: image] = 9.90, p = 0.002). The sex of the horses (“Sex”) had a significant effect in the playback test on Movact and on Att (GLMM: effect of Sex on Movact, [image: image] = 6.20, p = 0.05; GLMM: effect of Sex on Att, [image: image] = 5.99, p = 0.05). The strength of the filaments (“Force”) had an effect in the tactile sensitivity test on React (GLMM: effect of Force on React, [image: image] 13.78, p = 0.008). The order in which the sound treatments were played to the horses in the playback test (“Order”) had an effect on Movact (GLMM: effect of Order on Movact, [image: image] = 6.76, p = 0.009). The control factors not mentioned above were not significant and were thus removed from the models during model selection.

DISCUSSION

Environmental causes responsible for the development of stereotypies are partially known (80), but little is known about why some individuals develop stereotypies and others do not, despite being exposed to the same environmental conditions. Here, we tested the hypothesis that predispositions to stereotypies might be linked to individual differences in behavior (“personalities”), which are in part genetically determined. To this aim, we compared how stereotypic and non-stereotypic horses (controls), responded to a standardized test battery commonly used to assess individual differences in horses (60–63). Based on previous findings (26, 28, 56, 64, 65, 68, 69), we expected crib-biters to show behavioral characteristics of reactive coping individuals, namely to be less anxious (e.g., fearful), to interact less with unfamiliar humans, to be less active, to show less exploratory behaviors, and to be more social compared to control horses. However, contrary to our expectations, we did not find any differences in these traits between stereotypic and control horses. Since reactive coping strategies are characterized by freeze responses and unresponsiveness, it might be more difficult to detect fear in these animals (81). Surprisingly, however, we found that a greater proportion of crib-biters reacted to the tactile filaments compared with control horses, suggesting a higher tactile sensitivity in crib-biters, which to our knowledge has never been reported before. We suggest that this higher tactile sensitivity could be due to altered dopamine or endogenous opioid physiology, resulting from chronic stress exposition. We conclude that it might be valuable to conduct further investigations to assess the personality of stereotypic horses, as it could help to identify genetic loci associated with stereotypies.

Reactivity to Humans

We did not find any difference between crib-biters and controls in their propensity to react to a passive human. Because this trait has been previously related to boldness, a characteristic of proactive individuals (64, 65), we expected crib-biters, as potential reactive individuals, to interact less with unfamiliar humans. Since how animals react to humans is known to be heavily influenced by the environment (e.g., previous human handling) (82), genetic predisposition acting on this trait might be difficult to detect. We thus suggest that environmental components could have influenced previously existing differences between stereotyped and control horses in our study.

Tactile Sensitivity

In our tactile sensitivity test, a greater percentage of crib-biters reacted to the tactile filaments compared with the control horses. This suggests that crib-biters might be highly sensitive to tactile stimulation. Tactile stimuli stimulate skin receptors also called mechanoreceptors. This information is then transmitted via the spinal cord to the thalamus and on to cortical sensory areas. Tactile information is mapped onto the primary and secondary somatosensory cortex. This cortex shows a somatotopic organization, with the most sensitive parts of the body occupying the most cortical territory (83). Difference in sensitivity to tactile stimuli has been reported in some human developmental disorders, such as autism (83). For instance, autistic people with Asperger syndrome are often described as being easily disturbed by their environment because they perceive external stimuli with higher intensities than other people. Some studies also report hypersensitivity to senses, such as touch, smell, and taste in these people (84). Existing theories suggest that this hypersensitivity is due to enhanced processing of stimuli details in the secondary somatosensory cortex, or impairment of top-down modulation of incoming stimuli (85, 86). In other mood disorders such as “depression.” on the other hand, “unresponsiveness” to environmental stimuli (tactile or visual) have been reported in both human (67) and animals [monkeys (87), horses (68)]. Tactile sensitivity might therefore be an important indicator of developmental or mood disorders.

A distinction can be made between sensory processing and sensory sensitivity, since individuals can perceive stimuli and not respond to them. Therefore, the hypersensitivity that we observed in crib-biters could be explained firstly by the fact that some horses might feel a tactile stimulation without responding to it. We could hence suggest that control horses might have felt the stimulation, while being less disturbed by it than crib-biters. On the other hand, crib-biters, because of their higher stress sensitivity reported in our previous study (28), might be easily irritated by tactile stimuli and may took a longer time to habituate to them than the controls, as suggested for hypersensitive people (88). It would be interesting to conduct further experiments testing the sensitivity of crib-biters within other senses [e.g., gustato-olfactory, auditory and visual sensitivity; (62)].

The hypersensitivity found in crib-biters could otherwise be explained by neural differences between these horses and controls. We could suggest that exposition to chronic stress may cause alteration of dopaminergic systems, not only in the mesoaccumbens dopamine system as reported in stereotypic animals (2, 89), but also in dopaminergic nerve cells implicated in sensory sensitivity (90). Therefore, the dopaminergic modulation impairment that crib-biters potentially suffer from could also be implicated in their sensory hypersensitivity (91). We could hence suggest that the hypersensitivity that we found in crib-biters is explained by differences between stereotypic and non-stereotypic horses in their neural processing of tactile stimuli or in dopamine modulation (5, 57).

An object pressed against the skin can produce various kinds of perception, such as “pain,” “tickle,” or “touch” (72). Similarly, the application of different forces on the skin using von Frey filaments could produce different sensations. Although the exact sensation produced by these filaments remains unknown (71), von Frey filaments are considered as a good method for assessing nociceptive thresholds [in rats (92), in horses (93, 94)]. Differences in β-endorphin physiology has been reported to be implicated in the causal and/ or functional aspect of stereotypic behaviors. Indeed, administration of μ opioid receptor antagonists to different species (dogs, pigs, cats, chickens, horses, and bank voles) has been shown to reduce the performance of stereotypies (4, 95, 96), Even if measurements of plasma β endorphin in crib-biting horses has produced conflicting results (69, 97, 98), a recent study aimed at reassessing opioid physiology in these horses found an upregulation of μ opioid receptors in some part of the mesoaccumbens pathway (99). Because endorphins play a role in assessing pain and analgesia, we could hence suppose that the hypersensitivity we found in crib-biters is related to differences in endorphin modulation between the two groups. In alignment with this hypothesis, crib-biting behavior has previously been associated with a decrease in nociceptive (thermal) threshold during crib-biting periods (69). It would be interesting in future studies to investigate opioid receptor sensitivity in stereotypic and normal horses. To summarize, we could thus suggest that the hypersensitivity that we found in crib-biters is related to differences between stereotypic and non-stereotypic horses in their neural processing of pain.

Social Reactivity

We did not find any difference between crib-biters and controls in their social reactivity, suggesting that crib-biters are not more aroused than control horses when hearing unknown horses, according to our hypothesis. If crib-biters indeed display a reactive coping strategy, these results might contradict findings in pigs, which showed that reactive pigs could be more social (66).

Locomotor Activity

The data used to score the “locomotor activity” in the passive human test, the social motivation test, and the novel object test did not reveal any difference between crib-biters and controls in this trait. According to previous studies, we expected crib-biters, if they indeed behave as reactive individuals, to show less locomotor behavior than control horses (26, 64). On the other hand, in stereotypic animals of other species [e.g., mice (25, 100) and rhesus macaques (22)], higher incidence of stereotypy development have been associated with more activity. Yet, discrepancies between these studies and ours could be explained by differences in the type of stereotypy displayed (locomotor stereotypies vs. oral stereotypy in our case), by species or experimental protocol differences. Indeed, the measured phenotype of individuals will depend on the initial definition and use of each trait and on the terminology used to define personality, which varies widely between studies (14, 64).

Curiosity/Fearfulness

According to our previous results showing that crib-biters display physiological characteristics of reactive individuals, i.e., high HPA-axis reactivity (28) and to the results of Nagy et al. (56), we expected stereotypic horses to also display behavioral characteristics of reactive individuals, such as being less fearful (or anxious) than control horses. However, we did not find any difference between our two groups in their fear reaction to the sudden opening of the umbrella. Previous studies showed that crib-biters seem to be less reactive while restrained with a lip-twitch, but to react more strongly to a rapidly inflating balloon compared to non-stereotypic horses (101). Our results did not confirm these results. Discrepancies between these studies and ours could be explained, once more, by experimental protocol differences (102).

We could also suggest that there might exist a difference in fearfulness between crib-biters and non-stereotypic horses, but that the behavioral indicators that are generally used to assess fearfulness are not appropriate to detect such differences between reactive and proactive individuals. Indeed, behavioral reactions to fear-induced reactions might be less strongly expressed (e.g., characterized by freeze responses and unresponsiveness) in those individuals compared to proactive ones (26, 81). Therefore, if crib-biters are really more reactive than other horses, it is possible that, despite a stronger physiological reaction to the opening of the umbrella, their behavior did not change (81). It would thus be useful, in further studies investigating differences in fearfulness between proactive and reactive animals, to measure other types of fear indicators [e.g., physiological responses, Equine Facial Action Coding Systems (FACS)] (103) in addition, in order to increase the accuracy of fear assessments.

In the same way as for the reaction to the opening of the umbrella, we did not find any difference in reaction toward the novel object between crib-biters and controls. Links between reactions to novel objects and stereotypies have also been tested in species other than horses. Unlike in our study, stereotypic mice show greater reactivity, quicker time to approach novel objects and increased object manipulation, suggesting less fearfulness or higher levels of curiosity compared to control mice (25). Similarly, rhesus macaques that express a higher rate of motor stereotypic behavior in captivity are characterized by more frequent contacts with a novel object, indicating higher levels of curiosity than other monkeys (22). Differences between these studies and ours might be due to the type of stereotypies investigated in mice and rhesus macaques, which was, unlike in ours, locomotor (22, 25). We suggest that some similarities with these studies could be found in weaving more than crib-biting horses.

CONCLUSION

Our results suggest that crib-biters are more sensitive to tactile stimulation than non-stereotypic horses. This suggest that this higher tactile sensitivity could be also one of the underlying causes of their higher stress sensitivity (28), which might result in the development of stereotypic behavior in these individuals. We also suggested that this higher tactile sensitivity could be due to altered dopamine or endogenous opioids physiology, resulting from chronic stress exposition. On the other hand, we did not find any personality traits that are characteristic of reactive coping individuals in crib-biters, as we had expected (i.e., to be less fearful, to interact less with unfamiliar human, to be less active, to show less exploratory behaviors and to be more social). We suggest that further studies investigating differences in fearfulness between proactive and reactive animals, which in our case were expected to reflect differences between control and stereotyped horses, should include further behavioral and particularly physiological measures. Indeed, this might to help detect differences between proactive and reactive coping strategies, since fear-induced behavioral reactions might be less strongly expressed in reactive individuals compared to proactive ones (26), as recently suggested by Squibb et al. (81). We conclude that further investigations are required to fully characterize the personality of stereotypic horses. This could allow an early detection of individuals prone to develop stereotypies, and hence might help to prevent them to develop this abnormal behavior.

ETHICS STATEMENT

This study was carried out in accordance with the recommendations of the Swiss Federal Veterinary Office. The protocol was approved by the Swiss Federal Veterinary Office (approval number VD 2677 bis; Switzerland).

AUTHOR CONTRIBUTIONS

SBF and SB carried out the experiment. DB scored the videos. SBF scored the videos, wrote the manuscript and performed the statistical analyses. EB, KZ, and IB participated to design an edited the manuscript. EB supervised the project.

ACKNOWLEDGMENTS

We are grateful to all the owners of the horses, who offered to participate in this study.

REFERENCES

 1. Mason G, Latham N. Can't stop, won't stop: is stereotypy a reliable animal welfare indicator? Anim Welf . (2004) 13, 57–69.

 2. McBride SD, Parker MO. The disrupted basal ganglia and behavioural control: an integrative cross-domain perspective of spontaneous stereotypy. Behav Brain Res. (2015) 276:45–58. doi: 10.1016/j.bbr.2014.05.057

 3. Spruijt BM, Van Den Bos R, Pijlman FT. A concept of welfare based on reward evaluating mechanisms in the brain: anticipatory behaviour as an indicator for the state of reward systems. Appl Anim Behav Sci. (2001) 72:145–71. doi: 10.1016/S0168-1591(00)00204-5

 4. Dodman NH, Shuster L, Dixon R. Investigation into the use of narcotic antagonists in the treatment of a stereotypic behavior pattern (crib-biting) in the horse. A J Vet Res. (1987) 48, 311–9.

 5. McBride SD, Hemmings A. Altered mesoaccumbens and nigro-striatal dopamine physiology is associated with stereotypy development in a non-rodent species. Behav Brain Res. (2005) 159:113–8. doi: 10.1016/j.bbr.2004.10.014

 6. Parker M, McBride SD, Redhead ES, Goodwin D. Differential place and response learning in horses displaying an oral stereotypy. Behav Brain Res. (2009) 200:100–5. doi: 10.1016/j.bbr.2008.12.033

 7. Ijichi CL, Collins LM, Elwood RW. Evidence for the role of personality in stereotypy predisposition. Anim Behav. (2013) 85:1145–51. doi: 10.1016/j.anbehav.2013.03.033

 8. Bates JE. “Concepts and measures of temperament,” in Temperament in Childhood. Oxford: John Wiley and Sons (1989). p. 3–26.

 9. Goldsmith HH, Buss AH, Plomin R, Rothbart MK, Thomas A, Chess S, et al. Roundtable: what is temperament? Four approaches Child Dev. (1987) 58:505–29. doi: 10.2307/1130527

 10. Gosling SD. From mice to men: what can we learn about personality from animal research? Psychol Bull. (2001) 127:45–86. doi: 10.1037//0033-2909.127.1.45

 11. Reale D, Reader SM, Sol D, Mcdougall PT, Dingemanse NJ. Integrating animal temperament within ecology and evolution. Biol Rev Camb Philos Soc. (2007) 82:291–318. doi: 10.1111/j.1469-185X.2007.00010.x

 12. Kilgour R. The open-field test as an assessment of the temperament of dairy cows. Anim Behav. (1975) 23:615–24. doi: 10.1016/0003-3472(75)90139-6

 13. Seaman SC, Davidson HPB, Waran NK. How reliable is temperament assessment in the domestic horse (Equus caballus). Appl Anim Behav Sci. (2002) 78:175–91. doi: 10.1016/S0168-1591(02)00095-3

 14. Borstel U. Assessing and influencing personality for improvement of animal welfare: a review of equine studies. CAB Rev. (2013) 8:1–27. doi: 10.1079/PAVSNNR20138006

 15. Carter AJ, Feeney WE, Marshall HH, Cowlishaw G, Heinsohn R. Animal personality: what are behavioural ecologists measuring? Biol Rev. (2013) 88:465–75. doi: 10.1111/brv.12007

 16. Toates F. Cognition, motivation, emotion and action: a dynamic and vulnerable interdependence. Appl Anim Behav Sci. (2004) 86:173–204. doi: 10.1016/j.applanim.2004.02.010

 17. Mason G, Rushen J. Stereotypic Animal Behaviour: Fundamentals and Applications to Welfare. 2nd ed. Wallingford: CAB Interantional (2006). doi: 10.1079/9780851990040.0000

 18. Clubb R, Mason G. Animal welfare: captivity effects on wide-ranging carnivores. Nature. (2003) 425, 473–4. doi: 10.1038/425473a

 19. McGreevy PD, Cripps PJ, French NP, Green LE, Nicol CJ. Management factors associated with stereotypic and redirected behaviour in the Thoroughbred horse. Equine Vet J. (1995a) 27:86–91. doi: 10.1111/j.2042-3306.1995.tb03041.x

 20. Sambraus H. Mouth-based anomalous syndromes. Ethol Farm Anim. (1985):391–422.

 21. Odberg FO. The influence od cage size and environmental enrichment on the development of stereotypies in bank voles (Clethrionomys glareolus). Behav Poc. (1987) 14:155–73. doi: 10.1016/0376-6357(87)90042-8

 22. Gottlieb DH, Capitanio JP, Mccowan B. Risk factors for stereotypic behavior and self-biting in rhesus macaques (Macaca mulatta): animal's history, current environment, and personality. Am J Primatol. (2013) 75:995–1008. doi: 10.1002/ajp.22161

 23. Vandeleest JJ, Mccowan B, Capitanio JP. Early rearing interacts with temperament and housing to influence the risk for motor stereotypy in rhesus monkeys (Macaca mulatta). Appl Anim Behav Sci. (2011) 132:81–9. doi: 10.1016/j.applanim.2011.02.010

 24. Koolhaas JM, Bartolomucci A, Buwalda B, de Boer SF, Flügge G, Korte SM, et al. Stress revisited: a critical evaluation of the stress concept. Neurosci Biobehav Rev. (2011) 35:1291–301. doi: 10.1016/j.neubiorev.2011.02.003

 25. Joshi S, Pillay N. Association between personality and stereotypic behaviours in the African striped mouse (Rhabdomys dilectus). Appl Anim Behav Sci. (2016) 174:154–61. doi: 10.1016/j.applanim.2015.11.021

 26. Koolhaas JM, De Boer SF, Coppens CM, Buwalda B. Neuroendocrinology of coping styles: towards understanding the biology of individual variation. Front Neuroendocrin. (2010) 31:307–21. doi: 10.1016/j.yfrne.2010.04.001

 27. Koolhaas JM, Korte SM, De Boer SF, Van Der Vegt BJ, Van Reenen CG, Hopster H, et al. Coping styles in animals: current status in behavior and stress-physiology. Neurosci Biobehav Rev. (1999) 23:925–35. doi: 10.1016/S0149-7634(99)00026-3

 28. Briefer Freymond S, Bardou D, Briefer EF, Bruckmaier R, Fouche N, Fleury J, et al. The physiological consequences of crib-biting in horses in response to an ACTH challenge test. Physiol Behav. (2015) 151:121–8. doi: 10.1016/j.physbeh.2015.07.015

 29. Hothersall B, Nicol C. Effects of diet on behavior–normal and abnormal. In: Equine Applied and Clinical Nutrition: Health, Welfare and Performance. Edinburgh: Saunders Elsevier (2013) 443–44454. doi: 10.1016/B978-0-7020-3422-0.00025-0

 30. Williams J, Randle H. Is the expression of stereotypic behavior a performance-limiting factor in animals? J of Vet Behav. (2017) 20:1–10. doi: 10.1016/j.jveb.2017.02.006

 31. Albright J, Mohammed H, Heleski C, Wickens C, Houpt K. Crib-biting in US horses: breed predispositions and owner perceptions of aetiology. Equine Vet J. (2009) 41:455–8. doi: 10.2746/042516409X372584

 32. Bachmann I, Audigé L, Stauffacher M. Risk factors associated with behavioural disorders of crib-biting, weaving and box-walking in Swiss horses. Equine Vet J. (2003a) 35:158–63. doi: 10.2746/042516403776114216

 33. Bachmann I, Stauffacher M. Haltung und nutzung von pferden in der schweiz: eine repräsentative erfassung des status quo. Schweiz Arch Tierheilk. (2002) 144:331–47. doi: 10.1024/0036-7281.144.7.331

 34. Luescher UA, Mckeown DB, Halip J. A cross-sectional study on compulsive behavior (stable vices) in horses. Equine Vet J. (1991) 27:14–8. doi: 10.1111/j.2042-3306.1998.tb05138.x

 35. McGreevy PD, French NP, Nicol CJ. The prevalence of abnormal behaviours in dressage, eventing and endurance horses in relation to stabling. Vet Rec. (1995b) 137:36–7. doi: 10.1136/vr.137.2.36

 36. Mills DS, Alston RD, Rogers V, Longford NT. Factors associated with the prevalence of stereotypic behaviour amongst Thoroughbred horses passing through auctioneer sales. Appl Anim Behav Sci. (2002) 78:115–24. doi: 10.1016/S0168-1591(02)00096-5

 37. Waters AJ, Nicol C, French N. Factors influencing the development of stereotypic and redirected behaviours in young horses: findings of a four year prospective epidemiological study. Equine Vet J. (2002) 34:572–9. doi: 10.2746/042516402776180241

 38. Lesimple C, Hausberger M. How accurate are we at assessing others' well-being? The example of welfare assessment in horses. Front Psy. (2014) 5:21. doi: 10.3389/fpsyg.2014.00021

 39. Sarrafchi A, Blokhuis HJ. Equine stereotypic behaviors: causation, occurrence, and prevention. J of Vet Behav. (2013) 8:386–94. doi: 10.1016/j.jveb.2013.04.068

 40. Nicol C. Understanding equine stereotypies. Equine Vet J. (1999) 31:20–5. doi: 10.1111/j.2042-3306.1999.tb05151.x

 41. Roberts K, Hemmings AJ, McBride SD, Parker MO. Causal factors of oral versus locomotor stereotypy in the horse. J of Vet Behav. (2017) 20:37–43. doi: 10.1016/j.jveb.2017.05.003

 42. Bachmann I, Bernasconi P, Herrmann R, Weishaupt MA, Stauffacher M. Behavioural and physiological responses to an acute stressor in crib-biting and control horses. Appl Anim Behav Sci. (2003b) 82:297–311. doi: 10.1016/S0168-1591(03)00086-8

 43. Nicol CJ, Badnell-Waters AJ, Bice R, Kelland A, Wilson AD, Harris PA. The effects of diet and weaning method on the behaviour of young horses. Appl Anim Behav Sci. (2005) 95:205–21. doi: 10.1016/j.applanim.2005.05.004

 44. Hemmann K, Raekallio M, Vainio O, Juga J. Crib-biting and its heritability in Finnhorses. Appl Anim Behav Sci. (2014) 156:37–43. doi: 10.1016/j.applanim.2014.04.008

 45. Hosoda T. On the heritability of susceptibility to wind-sucking in horses. Jpn J Zootech Sci. (1950) 21:25. doi: 10.2508/chikusan.21.25

 46. Mills DS. Repetitive movement problems in the horse. In: Mills DS, Mc Donnell SM, editors. The Domestic Horse: The Origins, Development and Managment of Ist Behaviour. London: Cambridge Univeristy Press (2005). p 212–27.

 47. Vecchiotti GG, Roberto G. Evidence of heredity of cribbing, weawingand stall-walking in thoroughbred horses. Livestock Prod. (1986) 14:91–5. doi: 10.1016/0301-6226(86)90098-9

 48. Momozawa Y. Assessment of equine temperament by a questionnaire survey to caretakers and evaluation of its reliability by simultaneous behavior test. Appl Anim Behav Sci. (2003). 84:127–38. doi: 10.1016/S0168-1591(03)00184-9

 49. Munsters CCBM, Visser EK, Van Den Broek J, Sloet Van Oldruitenborgh-Oosterbaan MM. Physiological and behavioral responses of horses during police training. Animal. (2013) 7:822–7. doi: 10.1017/S1751731112002327

 50. Sian Lloyd A, Elizabeth Martin J, Louise Imogen Bornett-Gauci H, Wilkinson R. (2007). Evaluation of a novel method of horse personality assessment: rater-agreement and links to behaviour. Appl Anim Behav Sci. 105:205–22. doi: 10.1016/j.applanim.2006.05.017

 51. Sian Lloyd A, Elizabeth Martin J, Louise Imogen Bornett-Gauci H, Wilkinson R. (2008). Horse personality: variation between breeds. Appl Anim Behav Sci. 112:369–83. doi: 10.1016/j.applanim.2007.08.010

 52. Søndergaard E, Halekoh U. Young horses' reactions to humans in relation to handling and social environment. Appl Anim Behav Sci. (2003) 84:265–80. doi: 10.1016/j.applanim.2003.08.011

 53. Visser EK, Van Reenen CG, Van Der Werf JT, Schilder MB, Knaap JH, Barneveld A, et al. Heart rate and heart rate variability during a novel object test and a handling test in young horses. Physiol Behav. (2002) 76:289–96. doi: 10.1016/S0031-9384(02)00698-4

 54. Wolff A, Hausberger M. Behaviour of foals before weaning may have some genetic basis. Ethology. (1994) 96:1–10. doi: 10.1111/j.1439-0310.1994.tb00876.x

 55. Wolff A, Hausberger M, Le Scolan N. Experimental tests to assess emotionality in horses. Behav Processes. (1997) 40:209–21. doi: 10.1016/S0376-6357(97)00784-5

 56. Nagy K, Bodó G, Bárdos G, Bánszky N, Kabai P. Differences in temperament traits between crib-biting and control horses. Appl Anim Behav Sci. (2010) 122:41–7. doi: 10.1016/j.applanim.2009.11.005

 57. Roberts K, Hemmings AJ, Moore-Colyer M, Parker MO, McBride SD. Neural modulators of temperament: a multivariate approach to personality trait identification in the horse. Physiol Behav. (2016) 167:125–31. doi: 10.1016/j.physbeh.2016.08.029

 58. Schork IG, De Azevedo CS, Young RJ. Personality, abnormal behaviour, and health: An evaluation of the welfare of police horses. PLoS ONE. (2018) 13:e0202750. doi: 10.1371/journal.pone.0202750

 59. Lansade L. Le Tempérament du Cheval: étude Théorique: Application à la Sélection des Chevaux Destinés à L'équitation. Tours: University of Tours (2005).

 60. Lansade L, Bouissou MF. Reactivity to humans: a temperament trait of horses which is stable across time and situations. Appl Anim Behav Sci. (2008) 114:492–508. doi: 10.1016/j.applanim.2008.04.012

 61. Lansade L, Bouissou MF, Erhard HW. Fearfulness in horses: a temperament trait stable across time and situations. Appl Anim Behav Sci. (2008a) 115:182–200. doi: 10.1016/j.applanim.2008.06.011

 62. Lansade L, Pichard G, Leconte M. Sensory sensitivities: components of a horse's temperament dimension. Appl Anim Behav Sci. (2008c) 114:534–53. doi: 10.1016/j.applanim.2008.02.012

 63. Lansade L, Bouissou MF, Erhard HW. Reactivity to isolation and association with conspecifics: a temperament trait stable across time and situations. Appl Anim Behav Sci. (2008b) 109:355–73. doi: 10.1016/j.applanim.2007.03.003

 64. Finkemeier M.-A, Langbein J, Puppe B. Personality research in mammalian farm animals: concepts, measures, and relationship to welfare. Front Vet Sci. (2018). 5:131. doi: 10.3389/fvets.2018.00131

 65. Górecka-Bruzda A, Jastrzebska E, Sosnowska Z, Jaworski Z, Jezierski T, Chruszczewski MH. Reactivity to humans and fearfulness tests: field validation in polish cold blood horses. Appl Anim Behav Sci. (2011) 133:207–15. doi: 10.1016/j.applanim.2011.05.011

 66. Reimert I, Rodenburg TB, Ursinus WW, Kemp B, Bolhuis JE. Selection based on indirect genetic effects for growth, environmental enrichment and coping style affect the immune status of pigs. PLoS ONE. (2014) 9:108700. doi: 10.1371/journal.pone.0108700

 67. Huffman JC, Stern TA. Assessment of the awake but unresponsive patient. Prim Care Compan J Clin Psy. (2003) 5:227–31. doi: 10.4088/PCC.v05n0507

 68. Fureix C, Jego P, Henry S, Lansade L, Hausberger M. Towards an ethological animal model of depression? a study on horses. PLoS ONE. (2012) 7:e39280. doi: 10.1371/journal.pone.0039280

 69. Lebelt D, Zanella AJ, Unshelm J. Physiological correlates associated with cribbing behaviour in horses: changes in termal threshold, heart rate, plasma endorphin und serotonin. ß Equine Vet J Suppl. (1998) 27:21–7. doi: 10.1111/j.2042-3306.1998.tb05140.x

 70. Briefer EF, Maigrot A.-L., Mandel R, Freymond SB, Bachmann I, Hillmann E. Segregation of information about emotional arousal and valence in horse whinnies. Sci Rep. (2015) 4:9989. doi: 10.1038/srep09989

 71. Bove G. Mechanical sensory threshold testing using nylon monofilaments: the pain field's “tin standard”. Pain. (2006) 124:13–7. doi: 10.1016/j.pain.2006.06.020

 72. Saslow CA. Understanding the perceptual world of horses. Appl Anim Behav Sci. (2002) 78:209–24. doi: 10.1016/S0168-1591(02)00092-8

 73. Briefer EF, Mandel R, Maigrot A-L, Briefer Freymond S, Bachmann I, Hillmann E. Perception of emotional valence in horse whinnies. Frontiers in Zool. (2017) 14:8. doi: 10.1186/s12983-017-0193-1

 74. Landers R. Computing Intraclass Correlations (ICC) as Estimates of Interrater Reliability in SPSS. The Winnower (2015).

 75. Landers R. Computing (ICC) as intraclass estimates correlations of interrater reliability in SPSS. The Winnower. (2015) 2:e143518.81744. doi: 10.15200/winn.143518.81744

 76. Cicchetti DV. Multiple comparison methods: establishing guidelines for their valid application in neuropsychological research. J Clin Exp Neuropsychol. (1994) 16:155–61. doi: 10.1080/01688639408402625

 77. Pinheiro JC, Bates DM. Mixed-Effects Models in S and S-PLUS. New York, NY: Springer-Verlag (2000). doi: 10.1007/978-1-4419-0318-1

 78. R Development Core Team. R Foundation for Statistical Computing. Vienna (2013).

 79. Haubo R, Christensen B. (2019). A Tutorial on Fitting Cumulative Link Mixed Models With clmm2 from the Ordinal Package. Available online at: https://cran.r-project.org/web/packages/ordinal/vignettes/clmm2_tutorial.pdf

 80. Nagy K, Bodo G, Bardos G, Harnos A, Kabai P. The effect of a feeding stress-test on the behaviour and heart rate variability of control and crib-biting horses (with or without inhibition). Appl Anim Behav Sci. (2009) 121:140–7. doi: 10.1016/j.applanim.2009.09.008

 81. Squibb K, Griffin K, Favier R, Ijichi C. Poker face: discrepancies in behaviour and affective states in horses during stressful handling procedures. Appl Anim Behav Sci. (2018) 202:34–8. doi: 10.1016/j.applanim.2018.02.003

 82. Hausberger M, Müller C. A brief note on some possible factors involved in the reactions of horses to humans. Appl Anim Behav Sci. (2002) 76:339–44. doi: 10.1016/S0168-1591(02)00016-3

 83. Blakemore SJ, Tavassoli T, Calo S, Thomas RM, Catmur C, Frith U, et al. Tactile sensitivity in Asperger syndrome. Brain Cogn. (2006) 61:5–13. doi: 10.1016/j.bandc.2005.12.013

 84. Talay-Ongan A, Wood K. Unusual sensory sensitivities in autism: a possible crossroads. Int J Disabil Dev Educ. (2000) 47:201–12. doi: 10.1080/713671112

 85. Frith C. What do imaging studies tell us about the neural basis of autism? Novartis Found Symp. (2003) 251:149–66; discussion 166-76:281–197. doi: 10.1002/0470869380.ch10

 86. Plaisted K, O'riordan M, Baron-Cohen S. Enhanced visual search for a conjunctive target in autism: a research note. J Child Psychol Psychiatry. (1998) 39:777–83. doi: 10.1111/1469-7610.00376

 87. Harlow HF, Suomi SJ. Induced depression in monkeys. Behav Biol. (1974) 12:273–96. doi: 10.1016/S0091-6773(74)91475-8

 88. Dunn W. The sensations of everyday life: empirical, theoretical, and pragmatic considerations. Am J Occup Ther. (2001) 55:608–20. doi: 10.5014/ajot.55.6.608

 89. Cabib S, Puglisi-Allegra S. The mesoaccumbens dopamine in coping with stress. Neurosci Biobehav Rev. (2012) 36:79–89. doi: 10.1016/j.neubiorev.2011.04.012

 90. Reinig S, Driever W, Arrenberg AB. The descending diencephalic dopamine system is tuned to sensory stimuli. Curr Biol. (2017) 27:318–33. doi: 10.1016/j.cub.2016.11.059

 91. McBride S, Hemmings A. A neurologic perspective of equine stereotypy. J Equine Vet Sci. (2009) 29:10–6. doi: 10.1016/j.jevs.2008.11.008

 92. Chaplan SR, Bach FW, Pogrel JW, Chung JM, Yaksh TL. Quantitative assessment of tactile allodynia in the rat paw. J Neurosci Met. (1994) 53:55–63. doi: 10.1016/0165-0270(94)90144-9

 93. Lindegaard C, Vaabengaard D, Christophersen MT, Ekstom CT, Fjeldborg J. Evaluation of pain and inflammation associated with hot iron branding and microchip transponder injection in horses. Am J Vet Res. (2009) 70:840–7. doi: 10.2460/ajvr.70.7.840

 94. Redua MA, Valadao CA, Duque JC, Balestrero LT. The pre-emptive effect of epidural ketamine on wound sensitivity in horses tested by using von Frey filaments. Vet Anaesth Analg. (2002) 29:200–6. doi: 10.1046/j.1467-2995.2002.00083.x

 95. Kennes D, Odberg FO, Bouquet Y, De Rycke PH. Changes in naloxone and haloperidol effects during the development of captivity-induced jumping stereotypy in bank voles. Eur J Pharmacol. (1988) 153:19–24. doi: 10.1016/0014-2999(88)90583-3

 96. Rushen J, De Passille AM, Schouten W. Stereotypic behavior, endogenous opioids, and postfeeding hypoalgesia in pigs. Physiol Behav. (1990) 48:91–6. doi: 10.1016/0031-9384(90)90267-8

 97. Gillham SB, Dodman NH, Shuster L, Kream R, Rand W. The effect of diet on cribbing behavior and plasma β-endorphin in horses. Appl Anim Behav Sci. (1994) 41:147–53. doi: 10.1016/0168-1591(94)90019-1

 98. Pell SM, McGreevy PD. A study of cortisol and beta-endorphin levels in stereotypic and normal Thoroughbreds. Appl Anim Behav Sci. (1999) 64:81–90. doi: 10.1016/S0168-1591(99)00029-5

 99. Hemmings A, Parker MO, Hale C, McBride SD. Causal and functional interpretation of mu-and delta-opioid receptor profiles in mesoaccumbens and nigrostriatal pathways of an oral stereotypy phenotype. Behav Brain Res. (2018) 353:108–13. doi: 10.1016/j.bbr.2018.06.031

 100. Würbel H, Stauffacher M. Standard-haltung für labormäuse–probleme und lösungsansätze. Tierlaboratorium. (1994) 17:109–18.

 101. Minero M, Canali E, Ferrante V, Verga M, Odberg FO. Heart rate and behavioural responses of crib-biting horses to acute stressors. Vet Rec. (1999) 145:430–3. doi: 10.1136/vr.145.15.430

 102. Ladewig J. “Endocrine aspects of stress: evaluation of stress reactions in farm animals,” In: Wiepkema PR, Van Adrichem PWM, editors. Biology of Stress in Farm Animals: An Integrative Approach: A Seminar in the CEC Programme of Coordination Research on Animal Welfare, Held on April 17–18:1986, at the Pietersberg Conference Centre, Oosterbeek, The Netherlands. Dordrecht: Springer (1987). p. 13–25.

 103. Wathan J, Burrows AM, Waller BM, Mccomb K. EquiFACS: the equine facial action coding system. PLoS ONE. (2015) 10:e0131738. doi: 10.1371/journal.pone.0131738

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2019 Briefer Freymond, Bardou, Beuret, Bachmann, Zuberbühler and Briefer. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/inline_6.gif





OPS/images/inline_5.gif





OPS/images/inline_8.gif





OPS/images/inline_7.gif





OPS/images/inline_31.gif





OPS/images/inline_30.gif





OPS/images/inline_4.gif





OPS/images/inline_32.gif





OPS/images/cover.jpg
, frontiers
in Veterinary Science

Elevated Sensitivity to Tactile
Stimuli in Stereotypic Horses







OPS/images/inline_29.gif






OPS/images/inline_28.gif






OPS/images/inline_3.gif





OPS/images/logo.jpg
, frontiers
in Veterinary Science





OPS/images/inline_25.gif





OPS/images/inline_24.gif





OPS/images/inline_27.gif





OPS/images/inline_26.gif





OPS/images/inline_21.gif





OPS/images/inline_23.gif





OPS/images/inline_22.gif





OPS/images/inline_19.gif





OPS/images/inline_18.gif





OPS/images/inline_20.gif





OPS/images/inline_2.gif





OPS/images/inline_15.gif





OPS/images/inline_14.gif





OPS/images/inline_17.gif





OPS/images/inline_16.gif





OPS/images/inline_13.gif





OPS/images/inline_12.gif





OPS/images/crossmark.jpg
©

2

i

|





OPS/images/fvets-06-00162-t002.jpg
Abbreviation Tests/personality

behaviors trait

“Att” (0) Proportion of time spent in an attentive state; horse stands stil with raised neck and ears pointing Test1,3,4
toward different stimul situated outside or inside of the arena (experimenter (Test 1), object (Test 3),
camera or outside)

S () Proportion of time spent resting; horse stands stil, usually supported by only three legs, with the Test 1
neck low, the muscles refaxed, the ears to the side, the eyelids closed or half closed, and the lips
getting droopy

“Sexpl” (c) Proportion of time spent standing while exploring; horse stands stil, with low neck exploring toward ~ Test 1, 3
different stimuli situated inside of the arena (experimenter (Test 1), object (Test 8), the ground).

“Movact” (o) Proportion of time spent walking active; horse walks with raised neck and ears pointing toward Test1,8,4
different stimul situated outside or inside of the arena (experimenter (Test 1), object (Test 3), camera
or outside)

“Movexpl” (¢) Proportion of time spent walking while exploring; horse walks with low neck exploring toward Tost3
different stimul situated inside of the arena (experimenter (Test 1), object (Test 3), the ground)

Contact with human, “Conth” or Proportion of time spent sniffing, licking or nibbling the experimenter or object, moving the object Tost 1,3

object, “Conto” with the foreleg or the mouth

“Whin® (o) Number of whinnies produced; longest, loudest and most common horse vocalization Test4

Parameters

“CAT1” (0-1m), “CAT2” (>1m) (5) Proportion of time spent at (0-1m) and (> 1 m), respectively; estimated distance between the horse  Test 1,3
and the object or human

“React” (b) Reaction to the tactie filament —trembling or not Tost2

“Locom” () Sectors entered; number of sectors entered during the Tests 1, 3, and 4 Locom

“Reacum’” Intensity of the reaction to the opened umbrella; nothing (*A"), raises head (B, steps back (‘C'), Test5
jumps back and looks at the umbrela (‘D) jumps back and looks outside (*E), jumps back and
canter (*F")

“Flight” Flight distance from the opened umbrella; how far the horse moves away from the food bucket (‘A" Test5
=0m; "B’ = 0-1m, “C" = 1-2m, *D" = 2m)

“Time” Time until eating in seconds; time to resume eating in the bucket after the umbrella was opened Tests

Control factors
Five different flament forces (*F") applied to the skin (‘F1"=300g, “F2"=0.6g, F3"=0.02g, Test2
“F4"=0.008g, *F5"=3g)

“Sound” Sound treatments played to the horses; whinny from a mare, whinny from a gelding, and a control ~ Test 4
sound (skylark song)

“Order” Order in which the sound treatments were played to the horses Tost4

G, continuously recorded or as duration; s, instantaneous time sampling; n, number; b, binary.

The crosses indicate which parameters or response variables were recorded for each personaliy trait. The different tests (ie., personaliy trait) are Test 1, passive presence test (ie.,
reactivity to human); Test 2, tactie sensitivity test (ie., tactie sensitiviy); Test 3, novel object test (ie., curiosity/feartuness); Test 4, playback test (ie., social reactivity); Test 5, umbrella
opening test (ie., curiosity/fearfulness); Locomotor actiity (“Locom’).
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Response variables Test1 Test2 Test3 Test4 Test5 Locom

Att
sr
Sexpl

Movact

*x X % x

Movexpl X

Conth x

Conto x

Whin x

CAT1 x 5

CAT2 x x

React x

Locom x
Reacum x

Flight x

Time x

Control and fixed factors

Group x x x x x x
Force * Group x

Sound * Group
Order * Group
Sex

Age

Arena

x x % x
X x % x
X X x X x X
x X x x
x x % x

Farm

X % x X x

Force
Order x
Sound x

The abbreviations are described in Table 2. The crosses (‘") indicate which response
variables or factors were recorded in the diferent personalty tests (1-5) and to assess
the locomotor activty “Locom,” The different tests are Test 1, passive presence test; Test
2, tactile sensitvty test; Test 3, novel object test; Test 4, playback test; Test 5, umbrella
opening test. The fixed parameters are the “Group” (“CB"=crib-biters and “C"=controls),
the interaction term **" between the filament forces “Force” and Group CB-C (Test 2), the
interaction term between sound treatment “Sound” and Group CB-C and between the
order of the sound *Order” and Group CB-C (Test 4). The other parameters are control
parameters: the sex, age, and farm where the horses were housed (Table 1), whether the
arena where the horses were tested was situated outside or indoor *Arena’, Force, Order,
and Sound (Table 2.
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Horses Sex Crib-biters or control Age Breed Housing

(vears)
1 M cB 6 Warmblood Box paddock
2 M cB 22 Criollo Box

3 M cs 16 Franches-Montagnes Box

4 M cB 9 Hispano-Arabian Box paddock
5 M cB 5 Quarter horse Box

6 M cB 9 Paint horse Box

7 M cB 5 Paint horse Box paddock
8 G cB 9 Franches-Montagnes Box

9 G cB 11 Warmblood Box

10 G CcB 23 Franches-Montagnes Box paddock
11 G cB 11 Franches-Montagnes Box

12 s cB 17 Franches-Montagnes Box

13 s c8 15 Franches-Montagnes Box

14 M cB 5 Franches-Montagnes Box paddock
15 G cB 19 Haflinger Box paddock
16 G cB 18 Warmblood Box

17 G cB 7 Unknown origin Box paddock
18 G c8 10 English thoroughbred Paddock

19 s cB 11 Franches-Montagnes Box

20 M c 7 Quarter horse Box paddock
21 M c 20 Franches-Montagnes Box

22 M c 14 ‘Warmblood Loose housing
23 M c 18 Camargue Box paddock
24 M c 14 Warmblood Loose housing
25 M c 16 Trotter Box

2 M c 18 Franches-Montagnes Loose housing
27 M c 10 Warmblood Box

28 G c 4 Friso-Arabian box Paddock
29 G c 24 Unknown origin box Paddock
30 G c 2 English thoroughbred Paddock

31 G c 7 Quarter horse Loose housing
32 G (o} 6 Franches-Montagnes box Paddock
33 G c 8 Franches-Montagnes Box

34 G c 15 Warmblood Loose housing
35 G c 11 ‘Warmblood Box

36 s c 17 Franches-Montagnes Box

37 s c 7 Franches-Montagnes Box

Sex (M, mare; G, gelding, S, stallion), group (CB, crib-biters; C, controls), age, breed, housing (loose housing, paddock, box), and place (each letter refers to a given farm).

Place
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