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1. Introduction

Numerous studies have investigated the phenomena of motor
laterality or handedness (sidedness or lateralised motor behaviour)
in several species including humans (Rife, 1940; Porac and
Coren, 1981; McManus, 1985; Gilbert and Wysocki, 1992; Annett,
2002), primates (Ward et al., 1990; Hopkins and Pearson, 2000;
Westergaard et al., 2000), dogs (Tan, 1987; Wells, 2003), cats (Tan
et al., 1990; Fabre-Thorpe et al., 1993), rodents (Tsai and Maurer,
1930; Glick and Ross, 1981; Waters and Denenberg, 1994; Tang
and Verstynen, 2002), whales (Clapham et al., 1995) and horses
(Grzimek, 1968; Dalin et al., 1985; Deuel and Lawrence, 1987;
Drevemo et al., 1987; McGreevy and Rogers, 2005; Murphy et al.,
2005). In humans for example, a population bias of approximately
93% for right-handedness has been reported, irrespective of geo-
graphical location or cultural influences (Coren and Porac, 1977).
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bvious motor laterality (sidedness, handedness) in their motor function.
ffects locomotion and subsequently equine performance during training

plications for equitation. Some of the most commonly used identification
whorls (trichoglyphs), since their specific location and character vary to
e investigated the relationship between the hair flow of single facial hair
teralised motor bias in 219 horses when under saddle in ridden work.

t differences in motor preferences with 104 left-lateralised (LL) horses, 95
mpared to only 20 well-balanced (WB) horses (�2 = 36.9, d.f. = 2, P < 0.01).
ference in the frequency distribution of single facial hair whorl patterns

horses with counter-clockwise (CC) whorls, 82 horses with clockwise
ch had radial (R) whorls (�2 = 38.87, d.f. = 2, P < 0.01). Overall there was a
ion between motor behaviour and facial hair whorl patterns in the horses
e RL horses had significantly more C facial hair whorls and the LL horses
l hair whorls than would be expected purely by chance alone (P < 0.05).
ers with a useful tool when attempting to identify simple, non-invasive

r laterality in the horse. Furthermore, given that efficient targeted training
ridden work may produce WB equine athletes, the findings could assist
ual-specific training programmes for young horses.

© 2008 Elsevier B.V. All rights reserved.

However, the specific causation of laterality still remains open to

some degree of argument and theories of genetic predisposition
(McManus, 1985; Klar, 1996), environmental influences (Tambs et
al., 1986; Orlebeke et al., 1996) and combinations of both (Annett,
2003) have been proposed as probable aetiological models. The
identification or mapping of any specific genetic locus, which could
unequivocally influence lateralised motor behaviour, is it appears,
as of yet incomplete or unavailable.

The ability of trainers to deal with motor laterality in the horse
is important, particularly in terms of training and athletic per-
formance (McGreevy and Rogers, 2005). It has been previously
reported that equine motor function and athletic performance was
compromised by laterality or gait asymmetry in the young perfor-
mance horse (Drevemo et al., 1987). Various degrees of training
and preparation are required in order that the horse might excel
in any of the range of equestrian pursuits. In some instances, the
training methods have actually been shown to exacerbate ‘existing’
motor asymmetry due to differences between left and right hind
limb kinematics (Dalin et al., 1985). Anecdotally, at least, there is
an industry acceptance that the majority of horses are ‘one-sided’
or lateralised to some degree and lack balance as a result within
the various disciplines of equitation. This behaviour has also been
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observed in the horse under experimental conditions (McGreevy
and Rogers, 2005; Murphy et al., 2005) and supported by additional
empirical research where Clayton (1990) reported that ‘sidedness’
or lateralised motor behaviour was undesirable in dressage horses.
Powers and Harrison (2000) also showed that balance within motor
function was vitally important in show jumping horses when par-
ticipating in training and competition.

Some of the most commonly used identification features in the
horse are hair whorls (trichoglyphs), since their specific location
and character vary to some degree in every horse (Anon., 1984).
Hair whorl patterns are determined by changes in the direction of
flow of the hair from the central locus. Whorls typically present
with a clockwise (C) or counter-clockwise (CC) orientation or occa-
sionally these hair patterns may be radial (R) in nature. There
are a number of additional descriptive terms associated with hair
whorls such as simple, tufted, linear, crested, feathered or sinuous,
depending on the pattern of the hair flow (Anon., 1984). In a pre-
liminary study, Swinker et al. (1994) noted the position of facial
hair whorls in a population of horses and suggested that facial hair
whorl position might be correlated with temperament character-
istics and perhaps ‘sidedness’ in the horse. Recently Górecka et
al. (2007) investigated the relationship between reactivity scores
and facial hair whorl positions in the horse, while Randle et al.
(2003) had previously reported a relationship between facial hair
whorls and temperament characteristics in Lundy ponies. There
have been a limited number of other studies, which focused on pos-
sible relationships between facial hair whorls and some observable
behavioural features in other species. In one such study, Tanner et
al. (1994) reported a relationship between the location of facial hair
whorls and milking parlour side preferences in a large population
of dairy cows.

In a recent study, Klar (2003) described the link between hair
whorl orientation and handedness in humans. Klar (2003) sug-
gested that human hair whorl patterns resulted from a genetic basis
and were not influenced by environmental factors per se. Indeed
that study indicated that both handedness and scalp hair whorl
patterns, including directional hair flow, might actually develop
from a commonly shared genetic mechanism in humans. Others
have suggested that human foetal hair patterning and brain devel-
opment occurred in tandem during weeks 10–16 in utero and that
these processes were intrinsically linked (Smith and Gong, 1973).
More recently, Paine et al. (2003) reported that human hair whorl
patterns are determined during or just prior to the events of neu-
ralation at approximately 17–25 days in utero. In the bovine, Meola

et al. (2004) showed that hair whorl patterns in cattle may be
related to sperm morphology. Those authors suggested that the
facial hair whorls might represent valuable indicators during breed-
ing soundness examinations in the selection of suitable breeding
bulls. Grandin et al. (1995) suggested calmer cattle could be iden-
tified on the basis of hair whorl patterns and their location on the
bovine head. Facial hair whorls are generally located close to or on
the mid-line at a location approximately between the lower and
upper eye level in the horse. The objective of the current study was
to explore the relationship, if any, between the hair flow orienta-
tions of the facial hair whorls (trichoglyphs) and the incidence of
motor laterality in the horse.

2. Materials and methods

2.1. Subjects

The final test population (see Section 3) was 219 horses
(males = 125, females = 94), where the male horses were geldings
(n = 104) and stallions (n = 21) and the female horses were all non-
pregnant intact females. The subjects were Thoroughbred (TB) and
Processes 79 (2008) 7–12

TB × Native Breed sport horses and they were between 4 and 6
years old (mean ± S.E.: 4.8 ± 0.3). The horses had all been profes-
sionally produced and established in the basic requirements for
ridden work (McLean, 2003; McLean and McGreevy, 2004). In an
attempt to control for background effects, horses with any history
of injury considered likely to bias their motor function in terms of
motor laterality were not included in the current study.

2.2. Equestrian establishments

The horses were in training at different (n = 8) equestrian estab-
lishments based in southeast Ireland. It is often a requirement that
due to the limited availability of suitable numbers of equine test
subjects, that testing and experimental protocols can be easily con-
ducted at different locations (Le Scolan et al., 1997; Wolff et al.,
1997). The eight establishments had somewhat different types of
facilities and to some extent different training regimes. There was
no evidence to suggest that either the training facilities or the differ-
ent training regimes had the effect of causing any motor bias or spe-
cific one-directional lateralisation among the horses. There was a
similar distribution of horses exhibiting left-sided, right-sided and
well-balanced motor behaviour present on all equestrian establish-
ments during the current study. On this basis therefore, our findings
were unlikely to have been prejudiced because of horses influenced
by similar previous handling experiences—confined to solely one
specific training routine and/or exposed to only one training facility.
The number of horses available at each establishment ranged from
12 to 44 and the ratio of male to female animals was not different
at any of the establishments. In essence, given the similar distribu-
tions of animals in terms of sex and motor behaviour at the different
equestrian establishments, the technique of comparing animals
from multiple locations can help to avoid any environmental bias.
This multi-facility approach to controlling for background effects
among animal subjects has been previously used and validated by
others sourcing hair whorl data in cattle (Grandin et al., 1995).

2.3. Trainers

The trainers (principal trainer from each establishment sup-
ported by experienced staff members) were unaware of the interest
in the facial hair whorls and/or any potential association with
lateralised motor behaviour prior to or during the experimental
protocol. The authors readily acknowledge that motor laterality,
might under certain conditions, develop in some horses due to

inappropriate riding (some riders may be themselves ‘one-sided’)
and/or perhaps inappropriate training facilities and regimes. How-
ever, the trainers that participated in the current study were
selected on the basis that they were considered expert in their cho-
sen field and that they were each acutely aware of such artefacts
within equitation. The trainers were very familiar with the horses
in their care and were cognisant of the behavioural and athletic
idiosyncrasies associated with each individual horse. In fact, the
trainers were extremely mindful of the importance of ‘straightness’
and ‘balance’ in the performance horse (basic tenets of equitation
training) with respect to optimal motor behaviour and equine kine-
matics. Furthermore, within each of the training establishments,
individual-specific programmes were already in place to address
these issues with the horses in their care. Prior to the experimen-
tal protocol and for validation purposes, the trainers assessed a
common group of six horses (control animals selected by the exper-
imenters and with which the trainers had no previous experience).
This was in order to establish agreement on classification of later-
ality among the control animals and thereafter provide high levels
of consistency in their assessments of the test subjects. The expert
trainers assessed the control animals in terms of motor behaviour
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study because of the difficulty that they would have presented for
statistical analysis purposes. There were no differences in any mea-
surements between the male sub-groups (entires and geldings) and
these data were amalgamated to provide one combined dataset for
the male group. Thus the actual final test population consisted of
219 ‘sound’ horses, all of which had only one facial hair whorl (total
males = 125, females = 94).

3.2. Whorls

There was a significant difference in the distribution of the single
facial hair whorl patterns among the horses. Overall this outcome
consisted of 114 horses with CC whorls, 82 horses with C whorls and
23 horses that had R whorls (�2 = 38.87, d.f. = 2, P < 0.01) as listed in
Table 1. The male horses exhibited a significant difference in the
J. Murphy, S. Arkins / Behav

Fig. 1. Examples of single facial h

and balance and ‘sidedness’ when ridden (on the flat and over a
small fence). Some of the techniques employed in this evaluative
process have been described in detail elsewhere (Murphy et al.,
2005). The assessment of motor behaviour was either: (1) left-
lateralised (LL), (2) right-lateralised (RL) or (3) well-balanced (WB).
There was total agreement between trainers with respect to the
control animals presented by the experimenters—controls were LL
(n = 3), RL (n = 2) and WB (n = 1) and consisted of males (n = 4) and
females (n = 2). This validation technique ensured that the expert
trainers recorded the real effects of lateralised motor behaviour
within both the control horses initially and then subsequently for
the test subjects.

The trainers classified the individual test horses in terms of
whether or not they exhibited preferences with respect to later-
alised motor behaviour or exhibited any directional bias. The clas-
sification involved critical acknowledgement of whether the horses
appeared to perform better—easier to ride, turn (through the body
or were more supple), had better cadence or jumped more effi-
ciently and more safely when travelling in one direction or another.
Essentially, this procedure determined if an individual horse had
a preference for performing (galloping, jumping, dressage move-
ments) on either the left or right rein or if there was no detectable
difference while being ridden (i.e., well-balanced or ‘ambidex-
trous’). The trainers rated the motor behaviour characteristics of
each test horse as LL, RL or WB based on the individual horse’s

preferences during a ridden trial to rate balance or any motor bias.

2.4. Facial hair whorl patterns

An experimenter (JM) recorded the data relating to facial whorls
from the horses. The experimenter was unaware of the trainer’s
assessment of each horse—essentially blind to the motor behaviour
data while recording the orientation of the facial hair whorls. The
horses’ facial features, hair whorl patterning and positioning were
examined and subsequently photographed from directly in front
of the animal at eye level. During the examination, the directional
hair flow or orientation of the facial hair whorls was assessed as
counter-clockwise, i.e., counter-clockwise hair flow from the locus
of the whorl; clockwise, i.e., clockwise hair flow from the centre
or locus of the whorl or radial, i.e., symmetrical hair flow from the
centre or locus of the whorl (Fig. 1).

2.5. Analyses

Statistical analyses were conducted using chi-square test of
independence analysis from the statistical software SPSS (SPSS,
2004).
Processes 79 (2008) 7–12 9

orls (trichoglyphs) in the horses.

3. Results

3.1. Subjects

Initially, 257 horses (males = 150, females = 107) were available
for participation in the experimental protocol. Following prelim-
inary assessment of the subjects, the injured and the unsound
horses at walk or trot (n = 17) were excluded from further partic-
ipation in the study. Furthermore, additional horses (n = 21) with
multiple facial hair whorls (Fig. 2) were also excluded from the
distribution ratio between those with CC and C facial hair whorls
(81 horses with CC whorls compared to 25 horses with C whorls;
�2 = 15.9, d.f. = 1, P < 0.01). However, the distribution of CC and C
whorls in female horses was not significantly different (33 horses
with CC whorls compared to 57 horses with C whorls; �2 = 3.20,
d.f. = 1, P = 0.07).

Fig. 2. Examples of horses with multiple hair whorls.
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Table 1
The distribution of counter-clockwise, clockwise and radial facial whorl (tricho-
glyph) patterns in the male and female horses

Orientation of the facial hair whorls
CC C R Total

Male 81 25 19 125
Female 33 57 4 94

219

Fig. 3. Motor behavioural preferences in the horses during ridden work.

3.3. Motor behaviour

The assessment of the horses’ motor behaviour indicated that
there was significant laterality among the horses (�2 = 36.9, d.f. = 2,
P < 0.01) with 104 LL horses and 95 RL horses compared to only
20 WB horses (Fig. 3). When the horses’ motor behaviour either
was considered based on left or right laterality only, there was no
difference in the number of animals displaying motor bias for pre-

dominantly left or right laterality (104 LL horses compared to 95
RL horses; �2 = 0.20, d.f. = 1, P = 0.65). However, this trend differed
between male and female horses. The male horses as a sub-group
did exhibit significant left laterality (73 LL horses compared to 39 RL
horses; �2 = 8.84, d.f. = 1, P = 0.003) and the opposite trend of right
laterality approached significance among the female horses (31 LL
horses compared to 56 RL horses; �2 = 3.67, d.f. = 1, P = 0.055).

3.4. Association between motor behaviour and whorl patterns

There was a statistically significant association between motor
behaviour and facial hair whorl patterns (�2 = 69.4, d.f. = 4,
P < 0.001) in the horses (Table 2). The findings showed that left-
lateralised horses (n = 104) had significantly more facial hair whorls
with counter-clockwise rotation than that expected by chance
(�2 = 36.1, d.f. = 2, P < 0.001). Similarly, right-lateralised horses
(n = 95) had significantly more facial hair whorls with clockwise
rotation than that expected purely by random (�2 = 25.7, d.f. = 2,
P < 0.001). There was no difference in the distribution of whorl pat-
terns in the WB horses (�2 = 2.65, d.f. = 2, P = 0.27; Table 2).

Table 2
The distribution of motor behavioural bias (left-lateralised, right-lateralised and
well-balanced) and facial hair whorl (counter-clockwise, clockwise and radial facial
whorl) (trichoglyph) patterns in the horses

Motor behaviour Facial hair whorl patterns

CC C R Total

LL 78 15 11 104
RL 23 64 8 95
WB 12 3 5 20

219
Processes 79 (2008) 7–12

4. Discussion

The horses in the current study exhibited significant motor
laterality during locomotor behaviour (walking, cantering and
jumping) when assessed by the trainers. This is interesting given
that ‘straightness’ and ‘balance’ are so highly regarded and seen
as basic tenets necessary for optimal performance in the competi-
tion horse (Dalin et al., 1985; Drevemo et al., 1987; Clayton, 1990;
Powers and Harrison, 2000). There are further empirical examples
of laterality in the horse (Grzimek, 1968; McGreevy and Rogers,
2005; Murphy et al., 2005; McGreevy and Thomson, 2006). The
findings also support the consensus from within the various disci-
plines of equitation that the majority of horses demonstrate varying
degrees of motor laterality in the ridden work. Furthermore, the
findings may have basic safety implications, in that LL and RL horses
may require firmer (much stronger) or more specifically targeted
rider aids than WB horses, particularly when at exercise in traffic on
public roads (McGreevy and Rogers, 2005). This could have specific
relevance for the pleasure or novice riders, who may lack the equi-
tation skills of more experienced professional riders. Novice and
pleasure riders may not recognise or realize the extent of the poten-
tial problems associated with motor laterality in the horse or the
safety implications linked to such a phenomenon when handling
and riding these animals.

Although there was no difference in the numbers of LL and RL
horses overall in the current study, the within sex observation for
LL in male horses and contrasting RL in female horses has been
previously reported in the horse based on a study of unbroken
4-year-old horses (Murphy et al., 2005). Similar trends of lateral-
ity have been reported in other species where a greater incidence
of left laterality has been associated with males, including the
domestic dog (Wells, 2003), chimpanzees (Hopkins and Bard, 1993)
and tufted capuchins (Westergaard et al., 1998). Furthermore, the
greater incidence of right laterality reported among female horses
also mirrored the slightly higher incidence of right-handed prefer-
ences found in human females compared to their male counterparts
(Gladue and Bailey, 1995). The LL trend observed in male horses
may be due, in part, to greater numbers of male horses partici-
pating in the current study. Another possible explanation is the
greater numbers of male horses participating in the various disci-
plines of equitation generally (Physick-Sheard, 1986; Murphy et al.,
2004) combined with the convention of leading/tacking up from
the left or near side of the horse. On the other hand, McGreevy and
Rogers (2005) found a greater proportion of left-preferent horses

in the population overall and actual breed differences in that Thor-
oughbreds exhibited greater LL motor behaviour than Standarbreds
and Quarter horses. While, the current study found approximately
even proportions of LL and RL horses, it would be interesting to
monitor this outcome over an extended period to determine if
more animals became LL. Although we believe that appropriate
training would prevent this transformation, McGreevy and Rogers
(2005) found that the frequency distribution for left directional
motor bias also increased with age, probably due to equally bal-
anced horses becoming left-preferent and those already somewhat
left-preferent becoming more so.

During the current study however, the trainers did not have
exclusively male or female horses in their care. While on average
they worked with more male horses, it is unlikely that the training
routines alone would have accounted for the opposing motor lat-
erality demonstrated in the male and female horses, respectively.
Preferences for motor laterality in the horse may be, to some extent,
genetically predetermined, influenced by environmental factors or
occur because of a combination of both factors. Although breeding
details were available for the horses in the current study, insuffi-
cient numbers from the various familial pedigree groups prevented
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any possibility of investigating a genetic influence for either lateral-
ity or whorl type. In order that training/handling can be maximised
for the development of WB horses, early recognition of, or use-
ful predictors for any laterality with regard to motor behaviour
could be extremely important. Where the dynamics and motor
ability of the horse were adjudged as insufficient or lateralised,
corrective-training schedules have been developed and are regu-
larly employed. Klimke (1985) devised a number of exercises that
‘straighten’ the asymmetrical horse for improved biomechanical
efficiency and enhanced athletic performance. Occasionally there
may be circumstances when laterality in the horse could be benefi-
cial, such as left-lateralised horses competing on left-handed race-
tracks and vice versa. McGreevy and Rogers (2005) have suggested
that some competition tracks may be better and even safer for
individual horses with a preference for either left or right sidedness.

In this respect the early recognition of the existence and the
degree of ‘sidedness’ in the young horse, destined for a compet-
itive career, is likely to be of major importance with regard to
both future competition and training. This is particularly relevant
with regard to the development of appropriate individual-specific
training programmes designed to optimise competitive perfor-
mance in individual horses. We have reported previously that
scientists should be aware of and consider laterality (and associated
implications) in the horse when designing experimental research
protocols for the horse (Murphy and Arkins, 2007). Indeed, others
have reported that more emotional horses are more likely to view
frightening novel stimuli with the left eye compared to the right
eye (Larose et al., 2006). Although, McGreevy and Rogers (2005)
reported a lack of correlation between motor and sensory later-
alisation in the horse, differences in left–right eye interpretation
of stimuli could influence motor behaviour under some circum-
stances. In general, younger subjects (of several species) have been
reported as less lateralised than older subjects and corrective-
training programmes should prove most beneficial when applied
at the earlier rather than later stage. However, it has also been
reported in the horse, that the absolute degree and extent of asym-
metry may only become apparent following exposure to training
and preparation for competition (Dalin et al., 1985). It is therefore
in the interest of both the horse and trainer, to explore the pos-
sibility of determining the status of the horse’s individual motor
preferences prior to, or at the earliest stage of, the animal’s growth
and development and subsequent training.

The facial hair whorl patterns differed significantly primarily
because of the smaller number of truly radial facial whorls observed

in the horses (P < 0.05). The frequency distribution of CC and C
whorls also differed significantly among the male horses with
more CC facial hair whorls than horses with C whorls (P < 0.05).
While the frequency distributions of the CC and C whorls differed,
but not significantly among the female horses, overall LL horses
had significantly more CC whorls and RL horses had significantly
more C whorls (P < 0.05). Although environmental factors may be
influential, it is however quite plausible that motor laterality in
well-trained physically sound horses is innate at least to some
degree. This would appear to be supported by the distribution of
facial whorl patterns observed in the horses in the current study
based on genetic association. These data are reflective of hand-
edness and hair whorl patterns reported in humans (Klar, 2003),
where the conclusion was that both entities emanated from the
same shared genetic mechanism.

Interestingly, it has been reported that the brain, skin and hair
all develop at the same time in utero (Smith and Gong, 1973; Paine
et al., 2003) and hair patterning in early foetal life is secondary
to the growth and shape of the tissues and organs that underlie
the skin, especially the brain (Swinker et al., 1994). The connection
between brain development, hair patterning and motor behaviour
Processes 79 (2008) 7–12 11

in the horse appears to be supported within the current study, given
the association observed between facial hair whorl patterns and
the motor behaviour patterns of the horses. The facial hair whorls
may represent simple non-invasive techniques that will prove use-
ful to trainers when investigating and understanding aspects of
motor function in the horse. There may be performance or wel-
fare issues, and increased risk of injury to both horse and rider
because of horses with strong motor bias, performing in less than
optimal conditions. In one study, laterality in the form of asymmet-
ric gaits was associated with inferior performance, and, specifically
affected horses tended to produce poorer racing records includ-
ing fewer races per animal, fewer races won and fewer earnings
overall (Dalin et al., 1985). In order that training and handling
could be maximised for the development of WB horses, trainers
should identify motor bias at the earliest opportunity and employ
individual-specific training programmes for young horses.

5. Conclusion

The findings suggest that there is a link between the hair flow
of single facial hair whorls and motor laterality in the horse. These
findings may assist trainers when selecting individual horses for
certain forms of equitation and designing individual-specific train-
ing programmes for young horses. Hair pattern manifestations have
been linked to early foetal brain development in humans and fur-
ther study of facial hair whorls may provide useful insight into both
behavioural and neurobiological development in the horse. It is
unclear to what extent training actually influences motor laterality
in the horse and studies of younger animals, particularly untrained
foals, may provide important data regarding hair whorls and the
link with motor laterality in the horse.
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