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Abstract 13 

Vision, hearing, olfaction, taste, and touch largely comprise the sensory modalities of most 14 
vertebrates. With these senses, the animal receives information about its environment. How this 15 
information is organized, interpreted, and experienced is known as perception. The study of the 16 
sensory abilities of animals and their implications for biology and behavior is central not only to 17 
ethology but also to the study and assessment of animal welfare. 18 
 19 
Sensory ability, perception, and behavior are closely linked. Horses and humans share the five most 20 
common sensory modalities, however, their ranges and capacities differ, so that horses are unlikely to 21 
perceive their surroundings in a similar manner to humans. Understanding equine perceptual abilities 22 
and their differences is important when horses and human interact, as these abilities are pivotal for 23 
the response of the horse to any changes in its surroundings. This review aims to provide an overview 24 
of the current knowledge on the sensory abilities of horses. The information is discussed within an 25 
evolutionary context but also includes a practical perspective, outlining potential ways to mitigate 26 
risks and enhance positive interactions between humans and horses. 27 
 28 
The equine sensory apparatus includes panoramic visual capacities with acuities similar to those of 29 
red-green color-blind humans as well as aural abilities that, in some respects exceed human hearing 30 
and a highly developed sense of smell, all of which influence how horses react in various situations. 31 
Horses are also very sensitive to touch, an area which has been studied surprisingly sparingly despite 32 
tactile stimulation being the major interface of horse training. We discuss the potential use of sensory 33 
enrichment/positive sensory stimulation to improve the welfare of horses in various situations e.g. 34 
using odors (or signature mixtures), touch or sound to enrich the environment or to appease horses. In 35 
addition, equine perception is affected by factors such as breed, individuality, age, and in some cases 36 
even color, emphasizing that different horses may need different types of management. 37 
 38 
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Understanding the sensory abilities of horses is central not only to equitation science but to the 39 
management and training of horses. Therefore, sensory abilities continue to warrant scientific focus, 40 
with more research to enable us to understand different horses and their various needs.  41 

1 Introduction 42 

The senses of an animal refer to the sensory apparatus by which the animal receives information 43 
about its environment. For most vertebrates these comprise vision, hearing, olfaction, taste, and 44 
touch, although some species have additional sensory modalities, such as electroreception, 45 
magnetoreception, sonar and infra-red capabilities. Sensory receptors are constantly bombarded with 46 
information from the surroundings, and how this input is organized, interpreted, and consciously 47 
experienced is what is referred to as perception (College, 2019). Perception functions both as a 48 
bottom-up and a top-down process; bottom-up refers to the processing of sensory input into 49 
perceptions, whereas top-down processing refers to perception that arises from cognition i.e. 50 
influenced by knowledge and experiences (Figure 1). Understanding the sensory abilities of animals 51 
and what these abilities mean for the biology and behavior is central not only to ethology but also to 52 
the study and assessment of animal welfare.  53 
 54 
The sensory abilities of horses are closely linked with their perception and therefore their behavior. 55 
Horses and humans share the five most common sensory modalities, but their range and acuity differ 56 
between the two species, so that horses are unlikely to perceive their surroundings in the same way as 57 
we do. Although we often do, we cannot assume horses are capable of sensing the same as us, and a 58 
better understanding of the sensory abilities of horses is fundamental to equitation science. Despite 59 
horses having been described in the past as one of the most perceptive of animals (Blake, 1977), 60 
research on equine sensory abilities is limited, and has mainly focused on hearing and vision. 61 
Olfaction and tactile sensitivity, on the other hand, has only been studied sparsely. Horses have a 62 
well-developed olfactory epithelium, suggesting an extensive role of the sense of smell, but only few 63 
studies have investigated the olfactory capacity of horses, focusing mainly on its relation to 64 
reproduction and social behavior. It is also surprising that despite touch being the main means of 65 
communication between the rider and the horse, only seven peer-reviewed published studies can be 66 
found on this subject. The role of attachment theory in relation to the horse human dyad is also 67 
largely unexplored.  68 
 69 
The importance of understanding the perceptual abilities of horses is of growing importance in the 70 
use of horses in sport and leisure. There are current concerns surrounding many issues in sport horses 71 
such as hyperflexion of the cervical vertebrae, the use of tight nosebands especially in the sport of 72 
dressage, and the use of tongue ties in racehorses. As an example of how different tactile methods 73 
may affect horse welfare, Doherty et al. (2017) revealed that the constrictive forces from commonly 74 
used nosebands in horse sports is sometimes many times higher than what a human can withstand 75 
from a tourniquet.  76 
 77 
This review aims to provide an up-to-date overview of research on the sensory abilities of horses. 78 
Current knowledge will be presented within an evolutionary perspective in order to understand why 79 
these sensory capacities have evolved, and to outline gaps for future research. Perhaps most 80 
importantly, this information is put into a practical context outlining potential ways to reduce the 81 
risks caused by insufficient knowledge of the sensory perception of equines, which can create 82 
dangerous situations for both humans and horses. 83 

2 The horse sensory apparatus 84 
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2.1 Vision 85 

Vision is the most widely studied sensory ability in horses. Scientific research has mainly focused on 86 
color vision capacities (Caroll et al., 2001; Grzimek, 2010; Hanggi et al., 2007; Macuda and Timney, 87 
1999; Pick et al., 1994), depth perception and visual acuity (reviewed by Timney and Macuda 88 
(2001)). There have been limited studies on interocular transfer (Hanggi, 1999), and scotopic vision 89 
(Hanggi and Ingersoll, 2009). Interestingly, the absence of interocular transfer in horses has been 90 
anecdotally noted by many horse trainers, however research is scant and conflicting. Further studies 91 
into this important area are required because of its relevance in the ridden and led horse in terms of 92 
assuming that habituation via one-eye transfers to the other.  93 
 94 
The eye of the horse is among the largest of terrestrial eyes (Knill et al., 1977; Roberts, 1992). Like 95 
many other ungulates and prey species, horses have a limited binocular vision field compared to 96 
humans. However, the eyeball is laterally mobile and, when combined with head movements, ensures 97 
that horses can see in almost a full circle around themselves. Anatomical studies have shown that the 98 
maximum extent of the uniocular field of view in the horse is 228◦ with a mean around 195◦ 99 
(reviewed by Timney and Macuda, 2001). The binocular field of vision, which is 120◦ in humans, is 100 
only 55◦ to 65◦ in front of the horse (Hughes, 1977), and the overlap is predominantly below the 101 
head, extending down approx. 75◦ (Timney and Macuda, 2001). The visual input is therefore narrow 102 
and wide giving the horse a panoramic view, being able to detect most objects with good distance 103 
vision, and with only a small blind spot at the rear. This constellation of the equine visual field has 104 
likely been beneficial for a prey species, where scanning the surroundings for predators has been 105 
more important than detailed binocular vision, which inevitably narrows the view.  106 
 107 
In the very first studies of the visual abilities of horses, most authors argued that horses had poor 108 
acuity (e.g. François et al. (1980); Hebel (1976)) as evidenced by the low density of cones in the 109 
retina. Later, behavioral acuity studies, together with measurements of ganglion cell density, and 110 
electrophysiological measures have confirmed these assumptions (Timney and Macuda, 2001), 111 
indicating that horses have poorer acuity than most other terrestrial mammals. Hence at first glance, it 112 
seems somewhat surprising that horses are able to compete in showjumping and eventing 113 
competitions where jumping obstacles indisputably requires substantial visual abilities to gauge both 114 
distance and height of obstacles. However, studies into depth perception in horses shed light onto 115 
this, revealing that horses possess true stereopsis, i.e. the ability to perceive depth and 3-dimensional 116 
structure obtained on the basis of visual input from two eyes (Timney and Keil, 1999), thus only 117 
within the binocular vision field located in front of the horse. 118 
 119 
Horse pupils can dilate greatly to catch sparse photons at night, and the retina is generally rod 120 
dominated (Wouters and De Moor, 1979). In addition, the reflecting tapetum lucidum (Latin for 121 
“bright tapestry”) in the back of the horse’s eye, gives the non-absorbed photons a second chance to 122 
be captured by the photoreceptors, thereby enhancing sensitivity further (Ollivier et al., 2004). All 123 
these features result in good scotopic vision, i.e. ability to see under low light conditions. This ability 124 
was first deduced from behavioral observations of free-ranging horses, as they kept grazing, 125 
interacting and moving around at night (Berger, 1986; Mayes and Duncan, 1986). Later, studies 126 
noted that horses see details better on overcast days as compared to brightly sunny days (Saslow, 127 
1999). The horse has a higher proportion of retinal rod cells than humans, giving the former superior 128 
night vision. One of the most recent studies indicates that horses and humans have similar thresholds, 129 
being able to discriminate colors in light intensities comparable to that of moonlight (Roth et al., 130 
2008), nevertheless horses are still able to see objects at lower light intensities than humans. More 131 
recently, this suggestion was put to the test by Hanggi and Ingersoll (2009) showing that horses can 132 
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solve two-dimensional discrimination tasks in nearly complete darkness, which was impossible for 133 
the experimenters themselves due to lack of visibility. Horses also possess good visual capacity 134 
under both natural and artificial light conditions (reviewed by Hanggi (2006)). 135 
 136 
Grzimek (1952) was among the first to show that horses have color vision, and several studies have 137 
since confirmed the ability of horses to see some colors (among others: (Caroll et al., 2001; 138 
Geisbauer et al., 2004; Hanggi et al., 2007; Macuda and Timney, 1999; Pick et al., 1994; Roth et al., 139 
2007; Smith and Goldman, 1999). Equine color vision is dichromatic, resembling that of red-green 140 
color-blind humans (Hanggi et al., 2007). This should be taken into account in eventing and 141 
showjumping when choosing the colors of obstacles, as these may not be as obvious to the horse as 142 
they are to the rider.  143 
 144 
As opposed to the human retina, the equine retina is not replete with visual cells throughout, but 145 
instead the visual cells are located on what is known as a visual strip. This gives the horse the ability 146 
to see a large part of the entire horizon, which has obvious benefits for a prey animal. So, whereas 147 
humans need to focus on a single focal point because we have a central fovea (retinal density), a 148 
horse can see most of the horizon simultaneously. To bring an object into focus, the horse will 149 
usually lift, lower, or tilt its head to make use of the visual strip. Head and neck position is therefore 150 
an important factor found to affect the visual abilities of horses. In 1999, Harman et al. questioned 151 
whether the arched neck of the ridden horse in the sport of dressage would inhibit the horse’s ability 152 
to see what is directly in front of it. The trend in dressage over the last few decades has been for 153 
increasing arching of the neck (dorsoventral hyperflexion of the cervical vertebrae), resulting in the 154 
nasal planum behind the vertical line (>90◦). Research (e.g. McGreevy, 2004) has highlighted the 155 
visual deficits that occur when the angle of nasal planum increases beyond the vertical line. Bartoš et 156 
al. (2008) challenged this assumption, and found that 16 riding school horses were not visually 157 
impaired when ridden with a vertical nasal planum (approx. 90◦) because a horse is able to rotate its 158 
eyeball, enabling a horizontal eye position and hence a horizontal field of vision. What the authors 159 
did not investigate however, were head/neck positions greater than 90◦ also called ‘behind the bit’. 160 
More recent findings suggest that the rotation of the eyeball can compensate for some head and neck 161 
rotation, but not the most extreme hyperflexed positions. In these cases, the pupil (and hence the field 162 
of vision) is no longer parallel with the ground (McGreevy et al., 2010). In contrast to the more fixed 163 
position of dressage horses, riders in showjumping and eventing typically allow their horses 164 
sufficient rein so that they have the freedom to choose their own head carriage appropriate for 165 
clearing the obstacle. This is particularly important just before and during the jumping effort as it 166 
enables the horse to have optimal athleticism and balance when negotiating an obstacle.   167 
 168 
A research field that has received increasing attention in recent years is visual laterality in horses. 169 
These studies suggest a correlation between emotion and visual laterality when horses observe 170 
inanimate objects. Austin and Rogers (2007) found that horses were more reactive to a fear-eliciting 171 
stimulus when presented on the left of the horse. De Boyer Des Roches et al. (2008) later showed that 172 
horses prefer the left eye for viewing objects that could have both positive and negative associations, 173 
and Farmer et al. (2010) added that horses prefer the left eye when observing humans or the 174 
surrounding environment. Although these studies also noted some individual differences, the results 175 
can help explain why horses often have a preferred side (i.e. motor laterality) on which they are 176 
easier to handle (e.g. McGreevy and Rogers, 2005; Murphy et al., 2004). 177 

2.2 Hearing 178 
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Where humans direct their attention by moving their eyes, horses react by moving their ears. Horses 179 
show visible reactions to sounds, with one or both ears moving towards the direction of the sound 180 
source (Video S1). The hearing ability of horses was first studied in the 1980’s by Heffner and 181 
Heffner (1984; 1986; 1983a) and surprisingly little research has been done on horse hearing since 182 
then. They mapped the range of frequencies horses can detect and demonstrated that while larger 183 
animals tend to be adept at hearing lower frequencies, horses are an exception. The lowest frequency 184 
detectable by horses is 50 Hz, which is higher than the lowest human detection threshold of 20 Hz. 185 
Conversely, equine hearing exceeds the highest frequencies that can be heard by humans (33 kHz 186 
compared to 20 kHz for humans), indicating that there will be situations where a horse can detect 187 
sounds that humans are unable to hear, and vice versa. Furthermore, the funnel-shaped ears of horses 188 
provide an acoustic pressure gain of 10 to 20 dB (Fletcher, 1985) improving the acuity of equine 189 
hearing.  190 
 191 
Horses have been found to show auditory laterality, i.e. by turning one ear more than the other 192 
towards the source, when calls from group members, neighbors and strangers were played. A clear 193 
left hemispheric preference (i.e. the horse turns its right ear more towards to source) was found for 194 
familiar neighbor calls, whereas there was no preference for group member or strangers calls (Basile 195 
et al., 2009). Horses also appear to possess a cross-modal recognition of known individuals. This 196 
means that when presented with a visual representation of a known individual, combined with a 197 
playback call from another conspecific (i.e. mis-matching), horses respond to the call more quickly 198 
and look significantly longer in the direction of the call, than if the visual and auditory cues match 199 
(Proops et al., 2009). This cross-modal recognition has later been shown to operate also when horses 200 
were presented with familiar humans. Horses looked quicker and for longer at humans when the 201 
auditory cues were mis-matching. This suggests that the equine brain is able to integrate multisensory 202 
identity cues from a familiar human into a person representation. This would allow the horse, when 203 
deprived of one or two senses, to maintain recognition (Lampe and Andre, 2012). What remains 204 
unknown, however, is the role of olfaction in these studies. As noted by Lampe and Andre (2012), 205 
olfaction may act together with a visual cue (i.e. when horses were physically presented with the 206 
human), and it would thus be beneficial to design a study that separates the two types of sensory 207 
input.  208 
 209 
2.2.1 Aural impairment 210 
Old age is known to affect hearing ability in many animals, including humans. In horses, only one 211 
study has investigated hearing ability as a function of age, finding that older horses (15-18 years old) 212 
showed fewer behavioral reactions to sounds than younger horses (aged 5-9 years) (Ödberg, 1978). 213 
Since then, no published studies have investigated age and hearing impairment in horses although 214 
several studies have emphasized the importance of hearing (e.g. Heffner and Heffner, 1983b). It has 215 
been suggested that as deafness progresses, the horse can compensate by enhancing other senses such 216 
as vision and by learning daily routines to still behave as per usual (Wilson et al., 2011). Detection of 217 
partial or complete hearing loss in horses can be difficult, but it is nevertheless important for horse 218 
people to be aware that hearing ability can weaken with age. Horses are commonly trained to react to 219 
voice commands from the rider/trainer and such commands will become progressively less detectable 220 
as age proceeds in the horse. Likewise, horses communicate with each other by means of vocalization 221 
e.g. during mating and whilst rearing their young, and these are predominantly low-frequency sounds 222 
(Mills and Redgate, 2017). Depending on the type of deafness (high or low-frequency deafness) 223 
horses may show no signs when ridden (high frequency sounds), but still be constrained in their 224 
social communication, or vice versa (Heffner and Heffner, 1983b). 225 
 226 
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Specific coat color patterns have been found to be associated with an increased risk of deafness. 227 
Magdesian et al. (2009) investigated 47 American paint horses and pintos, and found that particularly 228 
the paint horses with a splashed white or frame overo coat color pattern, a blend of these patterns, or 229 
with a tovero pattern had a higher risk of being deaf (Figure 2). Horses with extensive head and limb 230 
markings and those with blue eyes appeared to be at particular risk. Whether or not this is specific to 231 
the color patterns in general (within all breeds) or to these color patterns within the two breeds 232 
investigated is unclear. As these color patterns also occur in other breeds it could be investigated if 233 
the propensity for reduced hearing is a more general genetic correlation across breeds.  234 
 235 
2.2.2 The impact of sound 236 
Noise is over-loud or disturbing sound (Nielsen, 2018), and it is well-known that loud noises can 237 
cause stress responses in farm animals (Hemsworth, 2003), and continuous noise can have a negative 238 
impact on animal health (Algers et al., 1978). It has been shown in several studies that noise is a 239 
stressor for both pigs (e.g. Stephens et al. (1985); Talling et al. (1996)) and cattle (e.g. Grandin 240 
(1996); Waynert et al. (1999)). The potential aversive effects of noises emanating from windfarms 241 
are contentious and have been the subject of legal cases throughout the Western world, however 242 
scientific research in this area is lacking.  243 
 244 
In many horse barns and riding stables, it is common that a radio or other music devices are playing 245 
during the time when people are active. The effect of such music has not been widely studied in 246 
horses, and it is therefore unknown if the sounds are perceived as attractive or aversive by the horse. 247 
Classical or slow instrumental music have been found to increase milk yield in dairy cows (Kenison, 248 
2016) and Country music can facilitate dairy cows’ entry into the milking apparatus (Uetake et al., 249 
1997). For horses, only few studies have been carried out. One study investigated the potentially 250 
calming effects of music on ponies, but found no effects of either classical, jazz, country or rock 251 
music (Houpt et al., 2000). Stachurska et al. (2015) have shown that instrumental guitar music can 252 
have a positive influence on Arabian racehorses when played regularly for a period of between 1-3 253 
months, after which the positive effect diminished. The same type of music was tested in a new study 254 
that showed that the positive effects of playing the music was greater when played for 3 hours per 255 
day than for 1 hour per day (Kędzierski et al., 2017) confirming the positive effects of instrumental 256 
guitar music. In everyday horse management situations, the effects of music have only been studied 257 
by Neveux et al. (2016). They found that classical music reduced the intensity of stress responses of 258 
horses subjected to either a short transportation or a farrier treatment, suggesting that background 259 
music can have practical implications. Collectively, however, these studies only compared music 260 
against silence (or no music), and hence the treatments were a more general ‘sound’ versus ‘no 261 
sound’ comparison, with the former potentially masking sudden noises from e.g. machinery or 262 
slamming of barn doors. Such noises have previously been found to be stressful in other species (in 263 
cattle e.g. Lanier et al., 2000, and pigs e.g. Talling et al., 1998), and it would thus be beneficial to 264 
include a larger variety of sounds in future studies with horses. This could reveal if other sounds than 265 
music have a calming effect, and also explore if horses are aversive to sounds that other species find 266 
aversive. It would also be worth investigating the effects of classical music in other potentially 267 
stressful situations to gauge the magnitude and duration of the positive effects e.g. during longer 268 
transportations. This is especially important because one of the benefits of using music as a calming 269 
tool is that it can be applied without any humans present.   270 
 271 
Although the effects of sound and music on horses are understudied, the anecdotal assumption that 272 
horses can spontaneously move to a musical beat is widespread among horse riders and trainers 273 
(personal communication), although scientific evidence of this ability is sparse, if not absent. From 274 
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an evolutionary perspective it would seem an unlikely phenomenon that would entail the recruitment 275 
of higher mental processes than those so far found to be possessed by horses. Bregman et al. (2013) 276 
investigated horses moving to music and noted the footfall and the beats of the music to analyze if 277 
horses possessed the ability of synchronizing their tempo to a musical beat. The preliminary results 278 
suggest that a horse can spontaneously follow a rhythm, but more studies with larger sample sizes (in 279 
Bregman et al. (2013) n=1) are needed to refine the method and confirm the findings.  280 
 281 
Insect and rodent traps using ultrasound are becoming more and more common in households and in 282 
stable buildings, replacing the use of poison. These devices usually emit ultrasound at frequencies 283 
above 32 kHz (e.g. Rodent RepellerTM, ProductsSonicTechnology, 2019) to ward off pests, but some 284 
(mostly rodent repellant devices) use frequencies as low as 18 kHz (e.g. Ultrasonic Electronic High 285 
Power Pest Repeller, DTMcare, 2019), which is detectable by horses. It remains unknown to what 286 
extent horses detect and perceive noises from these pest repellants, especially when the frequency 287 
used is within the equine hearing range of 50 Hz to 33 kHz. This should be investigated in order to 288 
ensure no detrimental welfare effects for horses from the use of such devices.  289 

2.3 Olfaction 290 

Like other mammals, the olfactory organ of the horse consists of a relatively large olfactory 291 
epithelium, lining the inside of the upper nasal passage, and connecting to large olfactory bulbs in the 292 
horse's brain. Horses also have a well-developed vomeronasal organ (Figure 3) which is receptive to 293 
nonvolatile, large, species-specific molecules found in body secretions (Saslow, 2002). This highly 294 
developed olfactory apparatus indicates that information from odors is important to horses. It also 295 
suggests that horses rely on olfactory information to a much higher extent than humans. Despite 296 
olfaction being a central sensory modality in horses, research in this area is relatively scarce. A 297 
handful of studies have examined the role of olfaction, and these have mainly focused on 298 
reproduction and social recognition. Marinier et al. (1988) found that stallions did not differ in their 299 
response to the odor of urine and vaginal secretions of a mare in estrus as compared to when that 300 
same mare was not in heat. Later, Briant et al. (2010) and Jezierski et al. (2018) supported those 301 
findings by showing that stallions could not differentiate feces of mares in estrus from those in 302 
diestrus. This is not because there are no odorant differences between these equine feces types, as 303 
male rats are able to distinguish between them by smell alone (Rampin et al., 2006). Rather it is 304 
likely that such olfactory differentiation by stallions of mare’s urine has not yielded an evolutionary 305 
advantage and that other learning processes surrounding the receptivity of mares may be more 306 
adaptive. Thus stallions likely rely on the mare’s behavioral responses when determining whether or 307 
not she is ready for mating.  308 
 309 
In relation to social recognition by smell, horses possess the ability to distinguish between different 310 
individuals. Jezierski et al. (2018) tested stallions’ responses to feces of both sexes and found that 311 
mares’ feces were sniffed for longer. The stallions also expressed more flehmen behavior when 312 
sniffing mare feces than when sniffing stallion feces, and urination on feces happened exclusively 313 
when it originated from mares. In contrast, Krueger and Flauger (2011) investigated odor 314 
discrimination and found that although horses were able to distinguish their own feces from that of 315 
conspecifics, they were not able to differentiate between the feces of unknown versus familiar horses, 316 
nor were they able to distinguish feces from mares from that of geldings. Studies of feral or free 317 
ranging horses have previously described how these animals recognize each other on the basis of 318 
body odors (Hothersall et al., 2010; Péron et al., 2014), urine, and feces (Hothersall et al., 2010; 319 
Krueger and Flauger, 2011). Moreover, Krueger and Flauger (2011) showed that horses expressed 320 
more interest in the feces of horses from which they received the highest amount of aggressive 321 
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behaviors. The authors concluded that horses of both sexes can distinguish individual competitors 322 
among their group mates by the smell of their feces, in accordance with previous findings 323 
(Rubenstein and Hack, 1992; Stahlbaum and Houpt, 1989). The most recent research in this field has 324 
shown that volatile organic compound profiles from horse hair samples differ among horse breeds, 325 
and these odor profiles are different in cohorts of related compared to non-related horses (Deshpande 326 
et al., 2018). The odor profiles indicate a degree of kinship (Wyatt, 2017; 2010), suggesting that each 327 
horse has its own odor profile with a certain degree of similarity among related individuals. This 328 
ability to recognize conspecifics based on odor can be used by the horse to guide its response with 329 
other horses in the group based on previous experiences, so that odor profiles become an aid in 330 
determining the potential outcome of a given interaction (Deshpande et al., 2018). Individual 331 
olfactory recognition can therefore be considered an evolutionary beneficial trait, which persists in 332 
domestic horses. Odors from different horses should be taken into consideration during their 333 
handling, as this will leave a scent trace on the human handler. A person training many horses a day 334 
will end up with many different odor traces on their clothes, hands and on equipment, and these 335 
odors may affect horses handled subsequently, especially if an early-handled horse is a known 336 
aggressor. 337 
 338 
2.3.1 Familiar and calming odors 339 
Hothersall et al. (2010) were the first to develop a Habituation-Dishabituation test (termed 340 
Habituation-Discrimination test in the original paper) for horses and found that mares could 341 
distinguish between urine samples from other pregnant mares and from geldings. Interestingly, this 342 
testing paradigm has not been subsequently used to test odor discrimination in horses. The olfactory 343 
capacity of horses could be exploited in different situations if more knowledge about odor detection 344 
and preferences were known. Attractive smells could potentially draw horses to certain 345 
places/locations scented with these odors, limiting the need to manually move the horses e.g. during 346 
regrouping where the presence of a human handler could pose a safety risk. Taking it a step further, 347 
conditioning horses to associate a certain odor with a pleasant experience could hold useful 348 
possibilities. This area has barely been explored in livestock but it has been shown in rats that they 349 
could learn to associate an odor with positive human tactile stimulation (Bombail et al., 2019). Such 350 
positive odor conditioning has the potential to be used as an alternative reward or as a calming 351 
addition in otherwise stressful situations. Horses could be conditioned to associate an odor with 352 
positive stimuli such as grooming, feeding or social comfort, and the same odor could potentially be 353 
applied during stressful or fear-eliciting situations such as trailer loading, regrouping, and social 354 
isolation. 355 
 356 
One such allegedly calming aid has already been on the market for some years: pheromone spray or 357 
gel. These products claim to have a calming effect on horses, but research has yielded conflicting 358 
results. Falewee et al. (2006) tested one such commercial pheromone (0.1% solution as a spray) in a 359 
group of 40 horses, and found significantly lower heart rates and less fear-related behavior in the 360 
horses treated with the pheromone. Collyer and Wilson (2016) later tested a pheromone gel on 361 
separation anxiety when horses (four tightly bonded pairs) were removed from each other and found 362 
no significant effect, except for a tendency for the product to dampen extreme anxiety. Berger et al. 363 
(2013) tested the pheromone spray during abrupt weaning of foals (n=14) and found no significant 364 
effects of the pheromone treatment on either behavioral measures or cortisol concentration. More 365 
efficacy testing of such odorant products is needed especially to elucidate the effect of age, breed or 366 
means of application of the product. The mere presence of an unknown and potentially masking odor 367 
should also be taken into account in these studies. Pheromones are usually thought of as eliciting an 368 
innate and biologically meaningful response, however the behavioral response can also be learned 369 
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(Wyatt, 2010). As suggested earlier, exposure to an odorant compound in combination with calming 370 
stimuli may be needed for the horse to form the association and elicit the calming effect (Brennan 371 
and Kendrick, 2006).  372 
 373 
Another, mostly unexplored area is odor imprinting in young ungulates. Odor imprinting has, to our 374 
knowledge, not been studied in horses and only sparsely in other mammalian species. A black-tailed 375 
deer fawn reared and bottle-fed by (or in the presence of) a surrogate deer with pronghorn odor, later 376 
showed preferences for pronghorns over its own species (Müller-Schwarze and Müller-Schwarze, 377 
1971), demonstrating the lasting role of odors for the formation of preferences. Imprinting the odors 378 
of future human handlers on foals may thus induce long-lasting preferences, which could potentially 379 
calm young horses. This type of imprinting could be further developed if the foal is subsequently 380 
conditioned to associate the human odor with a positive stimulus.  381 
 382 
2.3.2 Aversive odors  383 
In mammals, the most well-known non-learned (i.e. innate) response to an odor is the avoidance of or 384 
flight from a predator odor (Nielsen, 2017). Such innate responses are adaptive and studies indicate 385 
that the ability is even preserved in species living where no predators have been present for centuries 386 
(Chamaillé-Jammes et al., 2014). Horses have also been shown to elicit vigilance behavior when 387 
exposed to an unknown odor (eucalyptus oil; Christensen et al., 2005), and to a predator odor (wolf 388 
urine; Christensen and Rundgren, 2008). Pairing a predator odor with a loud noise elicits 389 
significantly higher heart rates in horses than when only exposed to one of the stimuli (Christensen 390 
and Rundgren, 2008), suggesting that the mere presence of a predator odor can increase the response 391 
to fear-eliciting situations. Detection of predator odors may be one of the reasons why horses react 392 
unpredictably or more abruptly in some situations. Riding in or close to environments where the risk 393 
of encountering canid or felid predator odors is higher may pose a safety risk to horse and rider. Such 394 
encounters are likely in many parts of Europe, Canada and the Americas. 395 
 396 
It is commonly speculated that humans, when scared or stressed, secrete odorous compounds 397 
associated with fear, which can affect the horse (Saslow, 2002). Several studies have shown an 398 
increase in heart rate of horses when either handled or ridden by a nervous person (Keeling et al., 399 
2009; von Borstel, 2008) and similar increases have been seen in horses when stroked by a 400 
negatively thinking person (Hama et al., 1996). Contrary to these findings, and perhaps surprising to 401 
many, Merkies et al. (2014) found that horses react calmer (measured as both relaxed behavior and 402 
lowered heart rate) when accompanied by a stationary nervous or physically stressed person than a 403 
calm person. Although these are preliminary results, the authors question the common saying that 404 
horses will be scared if the person is scared. Even when a person is stationary, subtle movements and 405 
body language of the human is likely to affect horse/human interactions, and this may have 406 
influenced the results. Horses express more relaxed behavior in the company of humans who express 407 
a positive attitude towards horses (Chamove et al., 2002). Some of the conflicting experimental data 408 
may be explained by breed differences, for example Merkies et al. (2014) used draft horses whereas 409 
other studies used warmblood, riding/sports horses. It is nevertheless interesting that none of the 410 
studies considered the potential effect of human odors.  411 
 412 
The male hormone testosterone, or its derivatives such as androsterone, are known to have specific 413 
pheromonal effects in various species. For example, it can accelerate estrus in multiparous cows 414 
(reviewed in Rekwot et al., 2001), stimulate lordosis in pigs (e.g. Dorries et al., 1997) and reduce 415 
anxiety behavior in male rats (e.g. Frye and Edinger, 2004). It would be interesting to explore its 416 
effects as well as those of other sex-related compounds on horses, which may support or invalidate 417 
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the belief that horses react differently to men and women. The absence of effects of human odors 418 
could be caused by the humans wearing artificial odors, from shampoos, soaps and deodorants, 419 
hiding the natural human odors. This could have both positive and negative consequences as it can 420 
mask potential human odors connected with fear and stress but also limit imprinting and other 421 
familiarity benefits. Further studies within a controlled setting for human body odors as well as 422 
handler movements are needed to disentangle these different effects.  423 

2.4 Taste 424 

Humans are able to associate some odors with a certain taste, and vice versa, and refer to the 425 
combined effect of smell and taste as flavor. Unlike humans, horses only breathe through their 426 
nostrils (Figure 3), and oral breathing only occurs if the horse is physically obstructed from nasal 427 
breathing (Holcombe and Ducharme, 2004). The tasting organ of horses is ontogenetically linked to 428 
the olfactory epithelium, but it remains unknown if horses are able to associate odor and taste and 429 
form a concept of flavor like humans. Horses are however capable of detecting four of the five taste 430 
components i.e. sweet, sour, salty, and bitter, whereas detection of umami (a kind of savory taste) in 431 
equines is as yet unknown. Like many other ruminant species (e.g. sheep), individual horses are quite 432 
variable in their responses to a particular taste (Randall et al., 1978). The greatest variation in 433 
individual taste preferences (in this case pellets) was found in purebred Arabian horses (Janczarek et 434 
al., 2018), indicating that breed differences are present. Generally, flavor affects diet acceptance and 435 
consumption time of horses (Goodwin et al., 2005), but when comparing taste, odor and nutrient 436 
contents, the latter has been shown to be the main driver for horse diet choices (van den Berg et al., 437 
2016). Flavor can also be used to condition a horse’s food aversions such as when lithium chloride is 438 
used to avert horses from grazing locoweed (Pfister et al., 2002), and conditioned taste aversion can 439 
be a useful management tool when horses are grazing rangelands contaminated with poisoned plant 440 
species. The method needs to be applied correctly, as most animals, including equines, learn the 441 
aversion only if the feed make them sick shortly after consumption (Houpt et al., 1990).  442 

2.5 Tactile perception 443 

The skin is the largest organ in horses as well as humans, and the body surface of the horse is by 444 
default the largest of the sensory organs. Tactile stimulation of the surface of the skin is the main 445 
interface of communication between a horse and a rider, but also between a horse and human 446 
handler. The sensitivity of the skin is thought to vary across the body of the horse as the distribution 447 
of sensory nerve receptors vary, with areas such as the muzzle, neck, withers, coronets, shoulders, 448 
lower flank and rear of the pastern typically being most sensitive (Mills and Nankervis, 1999).  449 
 450 
The skin is sensitive to both thermal and mechanical stimulation. Horses have much thicker 451 
epidermis on the trunk than smaller species (e.g. twice as thick as that of cats and rodents (Monteiro-452 
Riviere et al., 1990), which shield them from thermal stimuli. Mapping of the horse’s body show 453 
responses to thermal stimulation of the skin when slow heating rates are used, indicating that the 454 
responses are mediated mainly by C fibers, (as opposed to Aδ fibers that mediate fast heating) 455 
(reviewed in Love et al., 2011). This may be why many horses do not react immediately to 456 
procedures such as hot iron branding or freeze branding, as the nociceptive threshold is not reached 457 
by the fast peak in increasing/decreasing temperature, whereas nociceptive responses are often seen 458 
after the exposure. Testing the nociceptive thresholds in horses using heat/cold stimulation is 459 
therefore complicated as burns are not easily avoidable (Love et al., 2011). Nociceptive thresholds 460 
are therefore often tested via mechanical stimulation e.g. using a pressure algometer (Haussler and 461 
Erb, 2010a; 2010b). This method has proved to be a sensitive method for detecting musculoskeletal 462 
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back pain although it can be confounded by avoidance learning by the horse (Christensen et al., 463 
2017).  464 
 465 
In the facial area where the epidermis is thinner, the sensitivity is particularly high around the eyes, 466 
nostrils and mouth. Like many mammals, horses have vibrissae (also called whiskers) (Mills and 467 
Redgate, 2017) around the muzzle, as well as around the eyes, but only few studies have looked into 468 
their role. It is known however that vibrissae have different characteristics to hair follicles not only in 469 
that they are thicker, but also that they are not molted and have greater enervation. For this reason, 470 
they are considered as sense organs and removing or thinning them for esthetic purposes has negative 471 
welfare implications. Another tactile concern for the area around the nose and mouth of the horse, is 472 
the use of restrictive nosebands. Recent studies have shown that nosebands in several equestrian 473 
sports are excessively tightened (Doherty et al., 2017) to the extent that natural oral behavior is 474 
inhibited, stress can be induced (Fenner et al., 2016), and tissue damage may occur (McGreevy et al., 475 
2012). Interestingly, while nosebands are believed to lead to lighter rein tension and to improve 476 
control, the modern trend in dressage, eventing and jumping of increased noseband tightness has 477 
welfare implications and warrants further investigation.  478 
 479 
It is anecdotally believed among horse people that certain coat colors are associated with greater skin 480 
sensitivity, e.g. chestnut colored horses (also known as sorrel) are believed to be more sensitive and 481 
reactive. While there has been no research in this area in horses, research in mice shows that indeed 482 
red coat color is associated with greater pain sensitivity (Mogil et al., 2005) and it would be 483 
interesting and important to explore this further in horses. Importantly, it is universally believed in 484 
horse-riding sports and traditions that the posture and position of the rider has a profound effect on 485 
the horse’s ridden responses and behavior. Although the role of learning theory is well-documented 486 
with regard to the controlling stimuli from the rider’s reins (via the ‘bit’), legs, whip and spur, there 487 
are currently no data clarifying the ideal position and posture of the rider, however there are many 488 
anecdotal coaching methodologies. Given the sensitivity of the horse, this represents another 489 
important area to pursue in future equitation science.    490 
 491 
2.5.1 Positive tactile stimulation 492 
Grooming or mutual grooming (either between two horses or between a human and a horse), is 493 
commonly considered a positive behavior. Mutual grooming has been used as a measure of social 494 
bonding in various studies (Crowell-Davis et al., 1986;; Moehlman, 1998). Feh and de Mazières 495 
(1993) identified an area around the withers of the horse, where grooming caused a drop in the heart 496 
rate of the animal, implying a calming effect. On the other hand, Feh and de Mazières (1993) also 497 
noted that this drop was not present when grooming was done on the shoulders, an area where mutual 498 
grooming is commonly directed (Keiper, 1988). Normando et al. (2003) confirmed the calming effect 499 
of grooming on the wither area of saddled horses, but also found a lowering of the heart rate when 500 
saddled horses were groomed on the shoulder and hip area. More recently, Thorbergson et al. (2016) 501 
found that horses under saddle (only standing not ridden) expressed more relaxed behavior when 502 
groomed, but as these horses also expressed the same level of agitated behavior as horses not 503 
groomed, the results remain unclear. The publications cited here sum up the current knowledge in the 504 
area, clearly highlighting a need for further studies. There may be an unexploited potential for using 505 
tactile stimuli much more than is currently done, e.g. as a positive reward. Christensen (2016) noted 506 
that foals can be easily distracted by scratching their tail region, to which the foals react by lifting the 507 
tail and leaning towards to the handler. If tactile stimulation is applied in the correct way i.e. 508 
mimicking mutual grooming or scratching at a preferred/itchy spot on the horse’s body, it is 509 
categorized as primary reinforcement because of its innate reinforcing qualities. Moreover, when 510 
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applied correctly, such grooming can be used as a positive reinforcer (McGreevy and McLean, 2010; 511 
McLean, 2008) allowing the human handler to avoid or reduce the use of food items as a reward. This 512 
is particularly relevant because feeding motivation declines over time, differs between individuals 513 
(Berridge, 2000), is withheld at certain times during training and can have deleterious effects 514 
(McLean and Christensen, 2017). It should be noted however, that the reinforcing value of tactile 515 
stimulation may also show individual, motivational and temporal variation. Another aspect to take 516 
into consideration is the recent finding that horses possess sensory laterality in terms of tactile 517 
stimulation during affiliative interactions. In affiliative situations, defined as mutual grooming, 518 
swishing flies for one another, and standing in close proximity (less than 2 m away) while grazing or 519 
resting, horses showed a significant left eye laterality (Farmer et al., 2018). This finding may assist in 520 
clarifying if the horse perceives a given tactile stimulation as positive. Lastly, although tactile signals 521 
have been used for millennia as the major means of communication with horses, given the acute aural 522 
and visual capabilities, it may be time to change our ways of communicating with horses. Research 523 
into the relative salience of these modalities would be not only interesting but also ultimately useful 524 
in determining efficiency and optimal welfare in horse-human interactions.  525 
 526 
Another potentially positive tactile stimulation is massage. Massage therapy as a relaxing aid in 527 
humans is well researched and established, and is also used as a method to relieve stress (e.g. Smith 528 
et al., 1999). Massaging horses is not a new trend, and its effects may be embodied in certain forms 529 
of horse grooming. Nonetheless, studies of the impact of massage on horses is novel. McBride et al. 530 
(2004) showed in a preliminary study that in low to medium stressful situations (defined by the 531 
authors as veterinary visits or isolation), massage may be a beneficial tool to alleviate stress in 532 
horses. Later, it has been shown that massages every 3 weeks can have a relaxing effect on race 533 
horses, but that daily massages had a stronger positive impact on race horses than the less frequent 534 
massages or playing relaxing music (Kędzierski et al., 2017). Research on other animal species have 535 
shown that gentle stroking of cows on the head and neck region is perceived as positive by the cow 536 
and can enhance their well-being (Lange et al., 2020). Studies into the neuroendocrine and 537 
physiological pathways related to pain and stress further indicate that oxytocin, which is believed to 538 
have health promoting effects (e.g. human research: Anderberg and Uvnäs-Moberg, 2000; Beckmann 539 
et al., 1985; Uvnäs-Moberg et al., 1991), is elevated in the circulation following touch, light pressure 540 
and massage-like stroking (sheep: Kendrick et al., 1986; rats: Sansone et al., 2002; Stock and Uvnäs-541 
Moberg, 1988). In horses, this field of research is new and hence limited knowledge is available. 542 
Watson and McDonnell (2018) performed wither scratching, and face and eye rubbing during 543 
confinement in a clinical setting while exposed to 3-min aversive auditory stimulus (sound of a sheep 544 
shearing device). Although no significant effects were found on heart rate, all calming interventions 545 
were effective in reducing avoidance and stress responses. Positive tactile stimulation therefore has 546 
potential not only as a reward, but also as a stress relieving aid in many equine disciplines, as well as 547 
in equine therapy and as a research tool. Research into this area could elucidate its best use, by 548 
testing different situations, breeds and protocols of equine massage. Furthermore, in the dog-human 549 
relationship, the role of attachment theory and the consequent welfare and safety benefits of secure 550 
attachment have been well-documented (Beck and Madresh, 2008; Odendaal and Meintjes, 2003; 551 
Topál et al., 2005). Similarly, as a social species the need for research into the horse-human 552 
relationship is urgent (McGreevy and McLean, 2013). Such research may explain the as yet 553 
intriguing phenomenon of the horse-human bond as well as improve equine welfare and the 554 
effectiveness of horse-human interactions. 555 
 556 
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2.5.2 Unpleasant tactile stimulation 557 
Just as pleasant tactile stimuli can be used in a positive way, some tactile stimuli are perceived as 558 
unpleasant. For example, Mayes and Duncan (1986) found that feeding patterns in semi-feral horses 559 
were influenced by the presence of biting flies. It is thought-provoking that, as horse trainers, we 560 
expect the horse to readily habituate to the pressure of the girth, whilst at the same time remain 561 
sensitive to pressure from the rider’s legs at approximately the same location. The reaction of horses 562 
when trying to avoid unpleasant tactile stimulation (e.g. when detecting a fly landing), is tail 563 
swishing, skin rippling, ear flicking, foot stomping, head shaking, and biting directed at the particular 564 
spot (Saslow, 2002). These behaviors are also typically the behaviors used as indicators of conflict 565 
between the rider and the horse (e.g. Visser et al., 2008).  566 
 567 
One intensely debated method where the tactile sensitivity of the horse is exploited is the twitch 568 
(pinching the horse’s upper lip using a loop rope, chain or other mechanical devices). As the facial 569 
area of the horse, especially around the mouth, is highly sensitive (Mills and Redgate, 2017), it is 570 
worth investigating the underlying neurophysiological processes that underpin the efficacy of 571 
twitching. Using the twitch, the person takes advantage of this area being rich in three types of nerve 572 
endings detecting pressure, touch and pain. Endorphins are probably involved in the effectiveness of 573 
the twitch (Lagerweij et al., 1984), but regardless of the pathways involved the twitch likely works 574 
because it is painful (McGreevy, 2012) or because the animal is flooded with sensory information 575 
overshadowing all other stimuli that are presented to the horse. 576 
 577 
Tactile stimulation should therefore be used with caution especially when the force applied is high 578 
(e.g. during twitching). More knowledge about the tactile sensitivity of horses both during handling 579 
and riding is needed to safeguard the welfare of horses and refine our handling techniques. It is likely 580 
that horses vary with regard to tactile sensitivity, with individual levels of tactile sensitivity being 581 
relatively constant (Lansade et al., 2008). Stereotyping horses is one such group, which have been 582 
shown to possess an elevated tactile sensitivity (Briefer Freymond et al., 2019). This highlights the 583 
need to be extra cautious when applying force to individuals in certain groups of horses. In addition, 584 
Saslow (2002) suggests in a review (unpublished data) that tactile sensitivity declines with age of the 585 
horse and especially so when > 20 years of age. More knowledge on this topic is generally needed, 586 
but especially in terms of unravelling if such tactile desensitization is caused by aging or habituation. 587 
Future research should therefore focus not only on mapping the tactile sensitivity of the horse body, 588 
but should also consider if age, breed and personality influence how tactile stimulation is perceived 589 
by the horse. 590 

3 Other factors influencing perception? 591 

3.1 Individuality/Personality 592 

One common aspect noted in many of the studies included in this review is the large individual 593 
variation in sensory abilities and sensitivity. From human research it is known that the sensitivity of 594 
different sensory modalities varies from individual to individual with people having different 595 
thresholds for noticing, responding to, and becoming irritated with stimuli (Dunn, 2001). Similar 596 
results have been found in dogs (Murphy, 1998), and as these were stable over time, indicating a 597 
personality trait, they are used to select guide dogs based in behavioral tests. Personality is defined as 598 
a correlated set of individual behavioral and physiological traits that are consistent over time and 599 
contexts (Finkemeier et al., 2018). In horses, personality has been studied, but only sparsely in 600 
relation to sensory sensitivity. Mills (1998) reviewed individuality and personality in horses and 601 
noted that a horse’s sensitiveness, (the ease with which performance is affected by environmental 602 
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disturbance), is important for its welfare, which has also been argued by several other authors. Larose 603 
et al. (2006) later suggested that the use of specific eyes to view specific objects or situations (see 604 
section 2.1), relates to the individual’s perception of specific situations, which is further governed by 605 
the character of the individual horse. Lansade et al. (2008) studied sensory sensitivity in horses with 606 
the aim of elucidating whether this could be a stable personality dimension (termed temperament 607 
dimension). Four stable personality traits, unvarying across context and time, were found: tactile 608 
sensitivity, gustato-olfactory sensitivity, auditory sensitivity and visual sensitivity. These results 609 
suggest that horses, like humans and other animals, react differently to external stimuli, but with a 610 
greater variation between than within individuals. Identifying special types of horses according to 611 
their specific sensory sensitivity could be a way to optimize management and training and may help 612 
to improve the welfare of individual horses.  613 

3.2 Season and circadian rhythm – an additional sense? 614 

A series of studies have looked into seasonality of wild and free ranging domestic horses and found 615 
that both Przewalski horses (Arnold et al., 2006; Kuntz et al., 2006) and Shetland ponies (Brinkmann 616 
et al., 2014; 2012) are able to adjust their energy budget to accommodate environmental change and 617 
predictable changes in forage quality (winter vs summer quality). This shows that domesticated 618 
horses have maintained the capacity for seasonal adaptation to environmental conditions via seasonal 619 
fluctuations in their metabolic rate. In addition, horses have been found to show an endogenous 620 
circadian regulation of muscle function, which show that although horse behavior and activity in 621 
general is greatly influenced by external factors including human activities, horses are still influenced 622 
endogenously by a natural 24-h internal clock (Martin et al., 2010). Hence, horse training that 623 
follows the natural light conditions might synchronize with the equine circadian rhythm, suggesting 624 
that training during dark winter hours should be avoided. Future work could thus focus on 625 
determining peak times for training and competing horses in relation to both circadian rhythms and 626 
seasonality, to estimate the best training periods and durations throughout the year. It may even be 627 
possible to manipulate some aspects of seasonality and circadian rhythms, such as using blue light to 628 
stimulate estrus in anestrus mares (Murphy et al., 2014).  629 

4 Conclusions 630 

The sensory abilities of horses differ from those of humans in a number of aspects. Equine vision is 631 
similar to that of red-green color-blind humans and horses see better in low light than humans. 632 
Horses can see almost a full circle around themselves and have a broad rather than a centralized focus 633 
They can hear sound frequencies that humans cannot, but unlike most other large land mammals, 634 
they hear higher but not lower frequency sounds compared with humans. In addition, horses have a 635 
highly developed sense of smell, which is often overlooked, both in equine research as well as 636 
training. Horses are very sensitive to touch, but their tactile sensitivity has been very sparsely studied, 637 
despite it being used extensively in horse training and handling. The sensory abilities of individual 638 
horses may be a stable personality trait, with equine perception affected also by breed, age and in 639 
some cases even coat color, highlighting the need to differentiate the care and management of 640 
individual horses. There may be unexploited potential of using sensory enrichment/positive sensory 641 
stimulation to improve the welfare of horses in various situations e.g. using odors (or signature 642 
mixtures), touch or sound to enrich their environment or to appease horses. 643 
 644 
Considering the popularity of horses in leisure, sport and other activities, research into the sensory 645 
abilities of the horse is still only basically explored and provides potential for further scientific focus.  646 
Knowing how horses perceive their surroundings will help improve awareness of what they find 647 
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aversive, and this will enable better, more welfare-friendly training and handling techniques. If we 648 
are better able to differentiate between types of horses and their needs, we can optimize management, 649 
training and ultimately animal welfare for individual horse, as well as improve human safety.  650 
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 1218 
FIGURE 1. 1219 
Overview of the links between behavior, perception, and sensory information. The sensory abilities 1220 
of horses are linked with their perception and therefore their behavior. Sensory receptors related to 1221 
vision, hearing, olfaction, taste, and touch receive and process information from the surroundings, 1222 
and this input is organized, interpreted, and consciously experienced, which is what is referred to as 1223 
perception. Perception functions both as a bottom-up and a top-down process; bottom-up refers to the 1224 
processing of sensory input into perceptions, whereas top-down processing refers to perception that 1225 
arises from cognition i.e. influenced by knowledge and experiences. 1226 
 1227 

1228 
FIGURE 2.  1229 
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Schematic examples of American Paint horse coat patterns found to be linked to deafness 1230 
(Magdesian et al., 2009): A) Splashed white overo, B) Frame Overo, and C) Tovero,. Coat pattern 1231 
descriptions are adapted from the official breed descriptions by American Paint Horse Association 1232 
(APHA, 2020). 1233 
 1234 

1235 
FIGURE 3. 1236 
Simple overview of the horse olfactory system and oral cavity. The olfactory cavity is open while 1237 
breathing and closed off while the horse swallows. While breathing, the oral cavity is shut off and the 1238 
tongue takes up most space. The vomeronasal organ of the horse is situated in the upper jaw, and the 1239 
olfactory bulbs (found in the horse’s brain) are connected to the nasal cavity via olfactory receptor 1240 
neurons in the olfactory epithelium. 1241 


